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Ansys Motor-CAD Geometry Templates
and Customizations



Geometry Templates — Advantages

* Large range of parameterized templates:
motor/rotor/slot type, rotor/stator
ducts...

* Parameterization by dimensions and or
by ratio for efficient design space T e e
exploration.

s
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* Comprehensive model setup:

* Automated export into Ansys optiSLang
for optimization

3D visualization Optimization
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Options for Customization in Ansys Motor-CAD 2023 R2 — Part 1

* Engineers wish to customize the geometry
as a design progresses:

- To maximize multiphysics performance
- To capture manufacturing requirements

- To optimize the design

* Two options were possible in previous
versions of Motor-CAD:

- DXF drawing import

- Limited internal/external scripting.

4 Ansys Motor-CAD v2024.1.1 (eB_eMobility_IPM.mtt)*

File Edit Model Motor Type

Options  Defaults

Editors

View Results Tools Licence Print Help

@ Geometry | []Windng | [ input Data | ) Calculation | @ EMagnetics

LW FEA |’ FEA Edtor } FEA Paths |
Use Custom Regions: Check Mode:
O EMagnetic Themal Slot @® Automatic
Mechanical Themal Pole O Manual
o A P Copy 2 Reset
Che
&  Edt & Copy+ O, Delete
Postions | E-Magnetics|
. Region Name Region Material x Y
Units mm mm
AmatureSiotL 1 Capper (Pure) 838208 | 338581
AmatureSotR1 Copper (Pure) 789424 | 674031
DxFRegion_Rotor_10 508661 | 36.8529
DXFRegion_Rotor_11 620269 | 95089
DFRegion, Rotor 2 387927 | 156281
DXFRegion_Rotor_4 304813 | 163799
DXFRegion_Rotor_6 427996 | 39.8541
D¥FRegion_Rotor 7 505121 | 224902
L1_1Magnet1 N30UH 476533 | 888555
L1_1Magnet2 N30UH 39979 27.4129
L2 TMagnet1 N3OUH 508212 | 168419
L2 1Magnet2 N30UH 535019 | 296839
Rotor M350-50A 50.1868 | 11.4305
RotorDuct FhidRegion 45478 | 43263
1 626573 | 147377
2 295304 | 12.2318
Shaft 13751 | 589329
Stator M350-504 577406 | 646105
StatorAir 664424 | 438385
StatorWedge 673134 | 333621

e DXF geometry
ﬁ\\\\ix\
7 A

Output Data | [2¢ Graphs | £3 Senstivty | € Seripting |

Geomeiry Options | Geametry Check |
DXFlmport Ogtions: View Options:
Us

s¢ E-Magnetic DXF import as: Show Airgap and Boundaries

Magnetic (O Single Siot and Pole (O Entire Stator and Rotor Display DXF Erors
Mechanical (@ Single Rotor Pole () Etire Rotor
Themal O Single Stator Slot (O Erire Stator

5 ANSYS Metar-CAD +2023.2.1.2 [Geametry_Seriptingmed)*
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Options for Customization in Ansys Motor-CAD 2023 R2 — Part 2

* Some engineers have created automated workflows
in the past:

- Create a .dxf drawing in a 3™ party tool

- Automating the creation of a drawing file was often very
complex

- New geometry templates would need to be created from
first principles

- Old internal scripting was very limited

* Therefore, this kind of workflow was rare with many E-
machine designers instead:

- Relying on drawing software to create their
customizations

- No automation means no scalability!

£ Ansys Motor-CAD v2024.1.1 (e8_eMobility_PM.mtt)* - o x
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
@ Geomety | [ Windng | (4 Input Data | 1} Colulstion | @ E-Magnetis | 2| Output Data | K¢ Graphs | 53 Senstvty | © Serpting |
GaFEA o0 FEREdtor | 3y FER Paths |
Use Custom Regions: Check Mode: Geomeiry Options | Geametry Check |
DIEVagretc Theml St © putomatic DXF Import Options: View Ogiors
Mechanical Thermal Pole O Manual Use E-Magnetic DXF Import s Show Airgap and Boundaries
0 & cor 2 e EMagnetic (O Single Siot and Pole (O Entire Stator and Rotor Display DXF Erors
Check Geometry Mechanical (@ Single Rotor Pole () Etire Rotor
R & Coy+ | [y Dele Themal O Singe Siaor Slot O Entre Stator
Postions | E-Magnetics|
. Region Name Region Material x Y
Uniits mm mm
AmatureSiotL 1 Copper(Pure) | 83,8208 | 3.88581
AmatureSiotR1 Copper(Pure) | 78.9424 | 6.74081 g e O l I l e y
DXFRegion_Rctor_10 508651 | 36,8529
DXFRegion_Rotor_11 620269 | 9.9089
DXFRegion, fotor 2 387927 | 1656281
DXFRegion_Rotor_4 384813 | 16,379
DXFRegion_Rotor 6 42799 | 398541
DXFRegion_Rotor_7 585121 | 224902 /)
L1_1Magnet N30UH 476533 | 688555
L1_1Magnet2 N30UH 39979 274129
L2_1Magnet1 N3OUH 588212 | 16.8419
12_1Magret2 N30UH 535019 | 25,6839
Rotor M350-508 501269 | 11.4305 T - - " - . — ”
e sl Il 3 ANSYS Motar CAD 42020212 [Geometry_Seriptingmetl* —— WARNIFIG TEST AELEASE QALY - MOTVALIDATED
1 62657 | 147377 Ele Edit Model MomrType Oprions Defaults Feors Wiew Besus Tools Ligence Prirt Help
Z 20 | AT @ Georetry | [ wincrng | [ input e | A coicimin | @ Edtagneties | 3 0utpus Den | |2 G | BT serationy |0 Serping |
Shaft 13751 | 583329 <
Sator 350500 977406 | 646105 o Pyhan Serpling | Sattings|
StatorAir 664424 | 493385 Fythan Serpt Cortral
SiatorWedge 673134 | 38%21 [ ] 5o Defouk St

Length

® |

G

Fyehan Serpt s [CANSTS_Motor CADNFEA Sorel Geometry_Ewor oy
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Enter: Ansys Motor-CAD 2024 R1 — Adaptive Templates

* The aim:

£ Ansys Motor-CAD v2024.1.1 (£10.mtt)* — [m| X
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help

OGecmetry WDWind\ng ]Dﬂlnput Data ] HH Calculation ] @ E-Magnetics 1 £=| Output Data ]&Graphs I EgSens'ﬂi\rh’ ] °Scripting ]

©OReda | B Adal [ Edtor |30 |

@ Geometry OGeomedry loAdapﬁve Templates ] E Adaptive Parameters ] € Settings ]

- Provide engineers more freedom with geometry
creation Y e

-] @ Stator

[ ArmatureSlotF1
[ ArmatureSlota 1
. ) . . - ArmatureSloth1
- Provide tools to enable this customization "B e
[ ArmatureSlotE 1
[ & StatorWedge
A Statordic

v - @ Field

- Maintain the same ease-of-use seen with cEom
standard templates

@ L1_1Magnet2
@ L2_1iMagneti
@ L2_1iMagnet2
3 Rotor Pocket
3 Rotor Pocket_1
: 3 Rotor Pocket_2
[ © Rotor Pocket_3

* The benefits: o st

Property Value Unit Index | Entity Type Point 1 Point 2 Unit |~
. MName Rotor Pocket 0 Arc (52 225, 45.43) (51.494, 45.455) mm
- Type Rotor Pocket 1 Line (51.494, 45.455) (50.623, 44.585) mm
Faster motor design
Material Air (Motar-CAD model) 2 Arc (50.623, 44.585) (50.35, 44.21) mm
Area 21.8311 mm? 3 Line (50.35, 44.21) (49.759, 43.06) mm
_ NeW OppOrtunitieS for Optimization Centroid (49.577, 33.676) mm 4 Arc (49.759, 43.06) (49.623, 42.674) mm v
Length {40.92,53.47) mm 15 January 2024 WWW ENSYS.Com

Automation and scalability

Better Motor performance
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Overview of Ansys Motor-CAD 2024 R1
Adaptive Templates



Ansys Motor-CAD 2024 R1 — Adaptive Templates Overview

* Released February 6t, 2024
* Embed Python commands to

reparametrize and customize the in-
built template geometry

* Add custom geometry parameters

- Flexibility to innovate with the speed
and ease of the templated geometry

- Enables IP library to be built up

£ Ansys Motor-CAD v202 ® layermot* TEST RELEASE ONLY - NOT VALIDATED o
.........................................................................
©Geomety |[IWindog | 14 input Dats | §iff Calcuiation | @ E:Magnetics | 2] Output Deta | |2 Graphs | 53 senstivty | € scrpting |
ORadal |3 Acal | b Edeor |00 |
Sot Type: | Paralel Tooth | Rotor Type: | Intedor UShape
or Ducts: | None v Ducts: [ None
Stator Parameters | Vae ‘ Rotor Parameters | Vale
Slot Number | 18 }FoleMnbel
SotComerRadus | 0 ‘NachDeﬂh
ooth Tip Depth 1 | Bamer Layers
TothTpAnge | 30 ||L1Brdge Thickness 2
L1Outer Angle Offset | 0
L1 Outer Thickness
L1 Outer Post
1 Outer Post Offset 0
1 Inner Thickness
1 Inner Post
Inner Post Offset
Ratio Scale|  Vaue
%]
7 Stator Lam Dia (dimension) 30
= Stator Bore %] 54
Siot Decth M

13 Ansys Motor-CAD v2024.0.4 (U-1PM_FluxBarrier_dlayer.mot)* TEST RELEASE ONLY - NOT VALIDATED

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
@ Geomety | [ Windng | 14 it Data | filf Cacutation | @ E-bagnetics | Z2] Ouepue Data | 122 Graphs | 53 Senstvty | ©) Scrpng |

ORodal | Face W Edtor |00 |

© Geomety | © Adaptive Templates | 5 Adaptive Parameters |

Rotor Pocket

Point 1 Point 2 Unit

Ac (0.999, 36.986) 899, 1.3 mm

Line (9.899, 113 2727, 1414 mm

Ac 12.727.14.1 (5.36.66) mm

Ac (5. 36.66) (0.999, 36.986) mm
34.1
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Adaptive Templates Demonstration

LIVE DEMO

New Geometry Editor Window
Load in a Python script

Define Adaptive Parameters

See the geometry update

ﬁ Ansys Motor-CAD v2024.1.2 (V-IPM_RotorNotch.met)*

File Edit Model Motor Type Options
OGeometry IDWinding 1 Dﬂ Input Data 1 NH Calculation I @» E-Magnetics I 2= Qutput Data 1 gGraphs I ECSensitwitv I °Scnpﬁr

O Radisl | B sl b Edtor |0 3D |

Defaults  Editors

) Geometry
~ -] standard
v - @ Armature
[ @ Stator
£ ArmatureSlot1
~[f & ArmatureSlotR 1
[ £ StatorWedge
- & Statorair
v b4 @ Field
v [ @ Rotor
L[ @ L1_iMagneti
il @ L1_iMagnet2
MO Rotor Pocket
M & Rotor Pocket_1
[ 2 Rotor_Motch 1
L. @ © Rotor_Notch_2
-] & Shaft

oGecmeiry ]oMamive Templates I E Adaptive Parameters ] *SEﬂings ]

View Results Tools Licence

Print  Help

O Other

Property Value Unit Index | Entity Type Point 1 Point 2 Unit -~

Name Stator 0 Arc (99, 0y (98.153, 12.922) mm

Type Statar 1 Line (98.153, 12.922) (65.435, 8.614) mm

Material M250-35A 2 Arc (65.435. 8.614) (65.743. 5.812) mm

Area 243916 mm? Kl Line (65.743, 5.812) (66.741, 5.877) mm
Centroid (86.17, 5.647) mm 4 Line (66.741, 5.877) (67.032, 6.555) mm v

Length (3.104.4.233) mm 20 February 2024 WWW ansys.com
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The Adaptive Templates and the
Physics Modules of Ansys Motor-CAD



Adaptive Templates & Electromagnetics

The electromagnetic module is the starting point

Available to all motor types

2D FEA will solve the adapted geometry directly

Automation of the model is maintained:

- Meshing, materials, calculation, winding setup, etc.

* Make use of adaptive templates anywhere the FEA is used:

- Lab module (efficiency mapping and duty cycles)

- Saturation map export

8
g

Efficiency (%)

Shaft Torque (Nm)
Q
w
&

- Noise Vibration Harshness (NVH)

Speed (rpm)

12 ©2024 ANSYS, Inc. Powering Innovation That Drives Human Advancement \nsys



Adaptive Templates & Mechanics

* Rotor stress analysis:

- 2D FEA will solve the adapted
geometry directly

- No additional setup necessary

* Noise & Vibration Analysis:

- Force calculation uses adaptive
template (E-mag)

- Operating point calculation uses
adaptive template (Lab)

13 ©2024 ANSYS, Inc.

Radial

£ Ansys Motor-CADv2024.1.2 (U-IPM_CurvedFluxBarrier.mot]™

File Edit Model MotorType Options Defaults Editers View Results Tools Licence Print Help
@ Geometry | [ input Data | {iff Calouiation | ¥ Stress | 22| Output Dtz | 3 ENVH | B2 Serstiviy | € Serpting |

G FER |t FER Edtor |
Solve Rotor Stress Model
Shadng
O Region
@ Mechanical Stess

O Displacement

Shading function:  [SVM//MPa
Shadng egon

Options:
[Mlegend [Aoutines [JMesh

Equipotential Lines: El
Vector Lengths: 0|

Shading Range

Automatic | Min Max
Min: |0 Max: |0.05
Debug

Save Load

Geometry Options: +~ View
Poirt Labels @ Resuts
Ovitual Lines O Geometry
[ Boundaries O Mesh

£% Ansys Motor-CAD v2024.1.2 (V-IPM_RetorNotch.mof)

SVM [MPa]
215.0873551

193.5832230
172.0790909
150.5749588
129.0708268
Em?.ssssgw
86.0625626

645584305

43.0542984

21.5501663

Open File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
- @ Geomety | 14 iput Data | il Cacutation | ¥ Stress | ] Output Data | €3 ENVH | Senstvty | € Sorptng |
& Modal | |, Torque | € Foroes | = Sinuctural | JJ Acoustic | € Settings |
"= Radiated Power | 1| Spectrogram | 1| Spatiogram Order Tracking \
Order Tracking Type Number Orders Plotted Order Tracking X ais
Rotor  SVM=B6 4MPa Area= 929,22 Denst{ | @ Frequency Frequency: Spisce and frequency [10 ® Specd (defaut)
O Space O Fundamental Frequency

O Frequency and Space Sozoe: [10 | O Sound Frequency

Radiated Power Tracking (Frequency) (Stator)

Power [d& Ref, 1.0E-12 watts]

fing File Compieted

2,000 3,000 4,000 5, 7,000 8,000 9,000 10,000

000 6,000
speed [RPM]

20 February 2024 www.ansys.com

Powering Innovation That Drives Human Advancement
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Adaptive Templates & Thermals

* Adaptive templates can only be applied to:

- Active components (stator, rotor, magnets,
banding/sleeve and shaft)

- Radial cross-section

* Thermal model setup primarily follows the standard cooling
templates

* Major customizations on the cooling are best served via
changes to the thermal circuit

* However, cross-sectional area and the mass of components
updates with the adaptive template:

- Thermal masses & capacitances

- 2D thermal FEA for calibration

TI°C]
1116

110.2
108.8
107.4
106.0
‘104.7
103.3

101.9

100.5
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Adaptive Template Motor Examples

* Example 1: Creating a trapezoid rotor
duct

- Convert a square “standard” rotor

duct into a trapezoid j >
- We will introduce new parameters
to define it % {\m

- We'll show the typical workflow
for creating a new adaptive
template

\nsys



Trapezoid Rotor Duct, the Editor Window

* Dedicated Geometry -> Editor window:

- Geometry defined into groups
- Sub-groups have regions

- Regions have entities (lines, arcs),
points (co-ordinates in polar or
cartesian) and material definitions

* The Graphical User Interface helps with
the customization process

# Ansys Motor-CAD v2024.1.1 (eda_TrapezoidalRotorDuct_v1.mot)

File Edit Model Motor Type Options
OGecmatry ]D\Mndmg 1 uﬂ Input Data ] HH Calculation I @ E-Magnetics ] =] Output Data ] gﬁraphs ] 5:Sensmvrry ] °Scnp1|ng I
@ Radil | Fadal o Edtor |80 |

Defaults  Editors View Results Tools Licence

&) Geometry
v - JEH standard
v @ Armature
-] @ Stator
[ € ArmatureSiotD1
O @ ArmatureSlotal
-] ArmatureSlots 1
] € ArmatureSiotCL
O ¢ StatorAir
v - @ Field
v [ @ Rotor
M @ L1_1Magnet1

[ €3 Rotor Pocket_1

[ @ shaft
-~ & oOther

-] £ RotorDuctFluidRegion_1
‘- & RotorDuctFluidRegion_2

Print  Help

0 Geometry Wo Adaptive Templates I E Adaptive Parameters ] QSeﬂings ]

Value

Entity Type Point 1

Point 2 Unit

RotorDuct AuidRegion_2

=
3
a

47.499. 0)

147.5. 8.5)

Type

Rotor Duct

(475,85)

(325, 8.499)

Material

(32.5. 3.499)

(32.5.0)

1275

Wi s e

ElE| &
33| 3
@|a @

(325,00

(47.499,0)

Centroid

(40, 4.249)

Length

(40.12,4353)

mm 15 January 2024 WWW.ansys.com
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Trapezoid Rotor Duct, Python Scripting

* We can create new regions or make modifications
to eXIStIng ones. B Ansys Motor-CAD 2024.1.1 (eda_TrapezoidalRotorDuct_vl.mot)* — m| X

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
OGecmetr)' lDWinding ] Dﬂlnpu{ Data ] HHCaIcuIeﬂiun I @ E-Magnetics ] Eompm Data ]&Gr&phs ] EgSens'ﬂiv'rty ] °Scrip1ing ]

* However, the main principle of the scripting is to © ol | Frul (B a0 |
. ) Geometry OGeumelry oMaph\re Templates l{iﬂdap{ive Parameters ]*Seﬂings ]
make changes on top of the standard geometry: O 58 s %m ~

v - [@ Armature
1@ stator Geometry Templates Type: Fam Gz Load

() Standard
ArmatureSlotD 1
O Armatureslo (®) Adaptive Script File: | D:\Adaptive_TempIates\Features\Trapezcidal_Ratchuct\ScriptFiIes\RatchrapezoidRotc|

----- [0 ArmatureSlotA1
) Significa nt reduction in the effo rt required gg ﬁ[z:ﬁ[:g:gii 35 |from ansys motorcad. core.gecmetry drawing import draw_regicns "

----- O ¢ Statorair 36

37 |# %
v [
FgldR to 38 # Connsct to Motor-CAD
o= otor 3% mc = pymotorcad.MotorCAD(open new instance=False)
- @ L1_1Magnetl 10

b @ L1_iMagnet2 41 |def get_rotor_d_axis_mirror_lime():

B4 & Rator Pocket 42 rotor_radius =

M & Rotor Pocket_1 43 number_poles = et_variable("Pole_Numbez")

W & RotorDuctFluidRegion_1 44 airgap_centre_x, airgap _centre_y = rt_to_xy(rotor_radius, (360 / number_poles) / 2)

- Most customized geometries share many base
dimensions with a template: position of e
magnets, slot, conductors, inner & outer | Do e 35

mc.get_variable ("RotorDiameter™)
me. g

.
diameter

49 |§ Get reguired parameters and objects

500 #

51 |# Gest the Adaptive parameters specifisd in Motor-CAD

5z

GS trapezoid_top_width ratio = mc.get_adaptive_parameter_ walue("trapezcid_top_width ratioc™) _)
o4

- Customizations will adapt to large changes in = -
the motor geometry — perfect for optimizations _— — T .

Name RotorDuctFluidRegion_2 0 = @75.0) (475, 4.25) -
- Automatic setup of the thermal model, = == T e T mee | mia e
con d ucto rs’ etc. : :,.r:r:id { ‘uiéf_jig} r::: ) 3 Line (325.0) 475.0) =
Length (0.5335,14.94) mm | 15 January 2024 SRR
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Trapezoid Rotor Duct, Example Scripting Workflow — Part 1

* Start with a rectangular rotor duct from the standard
geometry templates:

- Minimize the scripting required

- Keep the thermal model setup

* From the Motor-CAD editor window find the relevant
region name and the Index number.

* Via Python script, grab the entity and a huge amount of
information is automatically calculated:

- Start/end co-ordinates (xy or rt)
- Length, midpoint, gradient, angle from x/y-axes

- These can be used for geometry manipulation

19 ©2024 ANSYS, Inc.

O ¢ Armatureslotal

uct_bottom_half = mc.get_region(

Value

>

Entity Type

Point 2

Name:

RotorDuctFluidRegion_2

(47.493.0)

{475, 85)

mm

Type

Rotor Duct

™75 89]

325, 5200

T

Material

(325, 8.459)

(325.0)

mm

1275

(325.0)

(47.499,0)

mm

Centroid

(40, 4.249)

<

Length

(40.12.43.53)

mm 15 January 2024

WW ansys.com

Powering Innovation That Drives Human Advancement
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Trapezoid Rotor Duct, Example Scripting Workflow — Part 2

* A PyMotorCAD function can plot regions to help with “ " standard I
scripting and debugging: 2 el 2
8_
draw_regions(duct_bottom_half)
6_
* Define a new adaptive template parameter to create a ;2 PotorbucluidRegion.2 p°
trapezoid: *]
2
Name Value Description p3 e3 pO E
o .
trapezoid_top_width_ratio 0.5 The proportion of the top of the trapezoid compared to the bottom 3|2 3|4 36 3|8 4|0 42 4|4 46 45
i %, Figure 1 . — O %
* Calculate a new Y value and edit p1 Adaptive \/
p2
8,
w_y = (trapezoid_duct_width / ) * trapezoid_top_width_ratio °] ) ‘
) RotorDuctFluidRegion_2 pl
dl_New = Coordinate(Coordl.x, New_y) . /
4_
. e0
Coordl_New) 5]
* Update the region and the lines have automatically shifted p3 3 p0
o ;
3‘2 3I4 36 35 4‘0 4|2 4|4 4|6 4|8
RéES Q=
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Trapezoid Rotor Duct, Example Scripting Workflow — Part 3

* Half of the region has been reshaped from a
square to a trapezoid

* Use the PyMotorCAD mirror command to
easily generate the co-ordinate on the
opposite side of the D-axis:

d_axis_mirror_line = get_rotor_d_axis_mirror_line()

MirroredCoord = Coordinate.mirror(Coordl_New, d_axis_mirror_line)

* Update the region and the adaptive template
is complete!

ﬁ Ansys Motor-CAD v2024.1.1 (e4a_TrapezoidalRotorDuct_v0.mot)*
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
@ Geomety |[JWinding | [ Input Data | 1§ Calcuiation | @ E-Magnetics | 2 Output Data | |2 Graphs | £ Senstivity | € Scrpting |
@Redal | Zadal o Edeor w30 |
@ Geometry
v - (g3 standard
v -O0@ Armature

- 0@ stator
O ArmaturesiotD1

Ochmetw NOMaptwe Templates | ﬁ} Adaptive Parameters | o Settings |

| ~0O© Amaturesiotal
i [0 AmatureSlots1
| ~[0© Amatureslotc1
i -0 statorair
v - @ Field
| v - @ Rotor
i - @ L1_1Magnet1
M @ L1_iMagnet2
M & Rotor Packet
-~ ¢ Rotor Pocket_1
M & RotorDuctFluidRegion_1
© RotorDuctFluidRegion_2

D-axis

. M@ shaft
& other

Property Value Unit | ~|[Tindex | Entity Type Point 1 Point 2 Unit
Name RotorDuct FluidRegion_1 0 Line (33.587, 33.587) (22.98, 22.98) mm
Type Rotor Duct 1 Line (22.98, 22.98) (28.991, 16.97) mm
Material 2 Line (28.991. 16.97) (39.597. 27.577) mm
Area 1275 mm? 3 Line (39.597, 27577) (33.587, 33.587) mm

Centroid (31.289. 25.279) mm v

Length (48.01.42.25) mm 15 January 2024 WwWW ansys.com
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Adaptive Template Motor Examples

* Example 2: Advanced rotor pocket
shaping with Bezier curves

- More advanced geometry definition to
show what is possible

- Introduction to alternative methods of
defining complex shapes

\
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Rotor Pocket Shaping with Bezier Curves — Part 1

* The previous examples were all created using .o oo e
tWO typeS Of geometry: ||ne and arc File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help

oGeumary [D Winding I M Input Data I ”” Calculation | Z» E-Magnetics I =Z] Output Data IgGraphs I 5: Sensitivity I o Scripting 1
@FRadal | T axa [ Edtor |00 3D |

@ Geometry OGecmeuy wo.ﬂdapuve Templates | i Adaptive Parameters ‘ € Settings ‘
v - O Standard

* More freeform shapes may be made up of ==
many arcs 5 s
- 4 parameters needed for every arc e

- Start, end, centre of arc and radius

* Instead, we can create shapes from several
co-ordinates + a function for a curve

. . Property Value Unit A 1 Line (29.57, 8.357) (29.944, 8.596)
* Bezier curves are a common mathematical ] ) R i
: : : : . s R 4 Ac 32718, 9.158 (33.387, 8219
functlon used for thls purpose (p0|y| Ine IS Material Air (Motor-CAD model) 5 I Arc i33337'5_215: 13“32‘7243:
= Ly = 3 Arc (34132, 7.243) (35.298, 7.274)
a n Ot h e r) Centroid (33.386. 7.358) mm || T Ac (35.298, 7.274) (36.317.8.86)
* Raninn Canminata 12122729 2 9231) o, e 1
Length (20.96.39.31) mm 15 January 2024 WWW .ansys.com
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Rotor Pocket Shaping with Bezier Curves — Part 2

* Starting with a standard template, the start
and end-coordinate for the rocket pocket is
found.

* Several adaptive parameters are created
and combined with a python package for
Bezier curves.

* Aim: gather a set of co-ordinates along the
geometry

0.6

0.4

0.2

0.0
-0.2 /
-0.4
/ — 0,1

06 ¢

-0.2 00 02 04 06 08 10

Name Value
bez_curve_projection 13
upperconvex D2
lowerconcave 0.2

Description

How far from the magnet the rotor pocket extends.

Magnitude and direction of the curvature on the top arc, closest to airgap

Magnitude and direction of the curvature on the bottom arc, closer to the shaft

§:§ Ansys Motor-CAD v2024.1.1 (Bezier_curve_example 2.mot)*

File Edit Model Motor Type Options Defaults Editors View

Results Tools Licence Print Help

©Geomety |[JWinding | 14 input Data | i Calcuiation | @ E-Magnetics | ZZ| Output Data | |24 Graphs | §3 Senstivity | € Scripting |

@Redal | Faval o Edtor |we D |

@ Geometry
v - O3 standard
v -0 @ Armature
-] @ stator
-1 ArmatureSlotl 1
0@ ArmatureSlotR 1
O® StatorWedge
OO statorair
v - M@ Field
v -M© Rotor
¥ L1_Magnet1
M@ L1_Magnet2
MO Rotor Pocket
M & Rotor Pocket_1
M@ shaft
O @ other

Property Value

(® Geometry IOMaDlwe Templates | B} Adaptive Parameters | € Settings |

Entity Type Point 1

Point 2

Name L1_1Magnet1
Type Magnet

Line (29.57.8.357)
Line (33.813,126)

(33.813.126)
(23.206, 23.206)

Material N30UH
Area 90

Line (23.206, 23.206)
Line (18.964, 18.964)

(18.964, 18.964)
(29.57, 8.357)

Centroid (26.388. 15.782)

Length (38.15,39.12)

mm 15 January 2024

WWW .ansys.com
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Rotor Pocket Shaping with Bezier Curves — Part 3

° A PyMotorCAD comma nd can convert return_entity_list(coordinates, line_tolerance, arc_tolerance):
a set of co-ordinates automatically
into a list of lines and arcs.

* The functions fits lines and arcs to
the provided co-ordinates, with a
given tolerance.

* The output is a minimized set of arcs
and lines, which can be used to
create a new adaptive template
region. = _PointFitting()

p.return_entity_list(coordinates, 1line_tolerance, arc_tolerance)

* LIVE DEMO

bez_curve_entities = return_entity_list(xylist, linetolerance, arctolerance)

\nsys



Python Scripting, PyMotorCAD and GitHub

Py M Oto rCA D i n 2024 R 1 n OW CO n ta i n S : Py,\nsys Getting started User guide APl reference Examples Contribute ( 0, Search B&- E‘ @ .

Section Navigation Create the Adaptive Templates geometry

Many new and powerful functions to aid custom [roouverincsoarptes | ores oo s

‘ Triangular Rotor Motches for IPM

* Calculate the angular position of the notch in mechanical degrees

geo m et ry C reati 0 n Curved Rotor Flux Barriers for SYNCREL Apply the offset angle. For notches on the left side of the pole, the position is shifted by |+

notch_angle | mechanical degrees. For notches on the right side of the pole, the position is
shifted by |- notch_angle| mechanical degrees.

wamples

Create the notch Region using the | triangular_nctch{) | function, imported from

cripting examples ansys.motorcad.core. geometry_shapes|. The arguments for the function are:

Expanded guides to help users get started

y o rotor_radi
Linking examples tor_radius
o notch_angular_width

o notch_centre_angle

o notch_depth

Regularly updated throughout the year!

Define the properties for the notch region

© name

Bi Show Source

o colour
o duplication angle

© material

GitHub is an open-source community

sef the notch's | parent | to the rotor region. This will allow Motor-CAD to treat the notch as a
sub-region of the rotor and handle subtractions automatically

+ [fthe notch is closed, set the region in Motor-CAD.

Download, use and alter existing examples for ottt in e, er goces):

notch_name = _" + str(notch_loop + 1)
# angula notch
notch_centre_angl ({2 * notch_loop) + 1) {duplication_angle / (2 * number_notche

Ansys created as well as user submitted

notch.name _name
notch.colour = (255, 255, 255)

Engineers can build up their own internal libraries of
motor geometries, easily scalable to any Motor design i T e

notch.parent = rotor_regien

if notch.is_closed():
me.set_region(notch)

\nsys
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Ansys Tools and the Adaptive Templates of Ansys Motor-CAD

\nsys /\nsys /\nsys

MAXWELL OPTISLANG DISCOVERY
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Ansys Motor-CAD & Ansys optiSLang — Motor Optimization

* Any adaptive template parameters created by a user,
can be found within the Motor-CAD to optiSLang export
window.

* The adaptive template script will move automatically
with the export into optiSLang.

* A PyMotorCAD function can be used to check if
geometry is valid (overlapping)

collides

Region.collides(regions)

Check whether any of the specified regions collide with self.

Parameters:

regions : |ansys.motorcad.core.geometry.Region | Or List |of

ansys.motorcad.core.geometry.Region

Motor-CAD region object/list of objects

28 Ansys optiSLang Export - O *
Imput Parameters | Requirements | Objectives| Summary| Test Run
Adaptive template e
Parameter Value Min Value Max Value
bez_curve_projection 12 5 15
UppErconvex D2 -1.5 15
lowerconcave 0.2 -1.5 15
£ >
& Sensitivity m} x
Parameter  Startdesigns  Criteria Dynamic sampling ~ Other  Result designs

[ Name Parametertype Referencevalue Constant Value type Resolution  Range Range p\ot\
1 :bez_curve_projection %Optiml’zation 12 O REAL Continuous 5 15 d
2 upperconvex Optimization 02 (] REAL Continuous  -1.5 1.5 *
3 lowerconcave Optimization -0.2 (] REAL Continuous  -1.5 1.5 *

|
4 L1_Magnet_Bar_Width_Ratic Optimization 0.81193 [l REAL Continuous 07 09 *
5 L1_Pole_Arc_Ratio Cptimization 0.510468 O REAL Continuous 04 0.6 *
6 L1_Magnet_Thickness Optimization B O REAL Continuous 5 7 *
7 L1_Bridge_Thickness Optimization 2 O REAL Continuous 1 3 *
Parameter merging: | Prefer defined Import parameter from system

Date Time Log level Hid Message

1

2024-Jan-16 09:04:44.892270

INFO_DETRIL

License feature checkout requested
(first of): optislang_level2 [in 200 .

Show additional aptions

OK

Cancel

\nsys



Ansys Motor-CAD & Ansys Maxwell — Advanced Electromagnetics

. . .
* Export to Maxwell will ca
Xporting In Xwell wi I'r
a C ro S S t h e a d a t i Ve te m | a te - Ansys Electronics Desktop 2024 R2 - Bezier_curve_example 2_ANSYSEM_2D - Motor-CAD Bezier_curve_example 2 - 3D Modeler - [Bezier_curve_example 2_ANSYSEM_2D - M] - m] x
p p B File Edit View Project Draw Modeler Maxwell 20 Tools Window Help

Select: Cbject ~ % @ o Pan @, Fit Al DOI\NY | B® e e e
eometr | B ©sdettyteme | % % Feorste - @ |77l .
. Save aPasle - Zoim B Crient ~ O __,_ Operit-ons Mea'su'e Vli\l:lw'.y S'!vap \r‘atevrlals
Desktop View Draw Model Simulation Results Automation Ansys Minerva Learning and Support 0 A
Project Manager 2 x § 8- Model
—— = 5 Ansys
= [l- Bezier_curve_example 2_ANSYSEM_20D ~ & eets 2044 R2
[ M = 3il Motor-CAD Bezier_curve_example 2 (Tr: | &4 Copper (Pure)_80C
owever, currently the geometry IS & 20 Conpone | 5 @00 20 Ll L
# -G Model | @48 N30UH_80C //” 1“‘“\\
. . - : Boundaries | @@ vacuum pr - .
% & Excitations | - - - -
e L (B~
fixed and will not carry across the . LAV s
o Mesh @-le, Coordinate Systems p % | / 77 N
s -4 Planes Y \\ L e ,'f::—-‘__:" ‘,'r -
- - - fF Analysis N h =T\ "\ [ [T / SN
=€ Lists y \ { \ / 7 /
arameterization oo £ ZON WS Q0 8 N
p Z . [¥ Resutts y. \ A\ ¥ ,{z:Ji'T-—,;_Q ~, /, P \
™ Induced Voltage Flots . i | N2 N/ y N
y N \ L7 - ¢ s = \3 ™ N
¥, . 7 \ : N \

H h d DiaShafi_Effective 25 mm  25mm

a C rOSS I S O n t e roa m a p . DiaOuter 130 mm 130mm
Airgap 1 mm 1mm
StatorSkewAngle o deg Odeg

Model_Length 0 mm |Omm v
< >

< > / A\ Nl \ P S\
Cooneriss te ..f;. K ~ _:’j \L/ | ’ Y : \' ™ ;///\" \)\ “\
. . - . : Name val.| Unit [Evaluatedv A J,f‘ “--\;_é ; // j_.(‘::_{:j_’,./ \l,
* Bringing the parameterization CN— NN [~ NS
DiaShatt 25 mm  25mm 1 == :j’ e il / "-:: ﬁ—"‘. ij\, \
— I.” ‘ 1l

Variables | Maxwell2D

* The Motor-CAD to Discovery export | S e | = S
follows a similar process.
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Ansys Motor-CAD 2024 R1 — Adaptive Templates Tutorial

* A tutorial is installed locally with 2024 R1:

» OS(C) » ANSYS_Motor-CAD » 2024_1_1 » Tutorials » Adaptive_Templates

Marme -
Adaptive_Templates_Example_1
Adaptive_Templates_Example_2

« Adaptive_Templates.pdf
Adaptive_Templates_Example_1.mot

& Adaptive_Ternplates_Example_1.py
Adaptive_Templates_Example_2.mot

& Adaptive_Ternplates_Example_2.py

& Adaptive_Ternplates_Example_2_Debug.py

* The tutorial goes through the fundamentals of the feature: the

Motor-CAD GUI, scripting etc.

Date modified
11/12/2023 14:05
11/12/2023 14:04

23/11/2023 15:2

* The tutorial comes with two examples:

- Adding a V-shape rotor notch

- Converting the Synchronous reluctance U-IPM template into

a curved barrier

[[[[[

vrw armys com
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Ansys Motor-CAD 2024 R1 — PyMotorCAD & GitHub

Check in on PyMotorCAD for regular
updates

More detailed guides to help with
python scripting

New adaptive template examples

Find the link from within Ansys
Motor-CAD, Help -> PyMotorCAD
documentation

Py/Ansys

Section Navigation

| Adaptive templates examples v

| Triangular Rotor Notches for IPM

Rotor Flux Barriers for SYNCREL

Help

Manual  F1

Tutorials

Video Tutorials

PyMotorCAD Documentation
Automation Commands

Automation Parameter Names

Getting started  User guide APl reference Examples Contribute (Q Search

PyAnsys > ¢ > Examples > Adaptive templates examples > Triangular Rotor Notches for IPM

© Note

Go to the end to download the full example code

’Triangular Rotor Notches for IPM

Adaptive Template script to create triangular rotor notches to improve NVH performance.

© Note

For more information on the use of Adaptive Templates in Motor-CAD, and how to
create, modify and debug Adaptive Templates Scripts, see Motor-CAD ad e
templates scripting in the User guide.

©® Note

Adaptive Templates in Motor-CAD require v2024.1.2 (Motor-CAD 2024 R1 Update) or
later.

This script is designed to be run from Motor-CAD template “e9". If no Motor-CAD file is open, the
- ' " aded.

lowing adaptive parameters:

iZ On this page

m Required imports

requirec

B Show Source

Get Autemation Mame For Centrol F2
Copy Automation Name For Control Ctrl+F2
MAC Addresses

Graph Viewer

About...

\nsys
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Ansys Motor-CAD 2024 R1 — Adaptive Templates

Enable Engineers to: Major Benefits:

- Easily create customized shapes

Flexibility to innovate with ease

- Maximize multiphysics motor :
Py Faster motor design -

performance
- Build up IP library Increa;gd automation & e
scalability

New opportunities for
optimization

Better motor performance

\nsys






	Slide 1: Adaptive Geometry Templates in Ansys Motor-CAD 
	Slide 2: Agenda
	Slide 3: Ansys Motor-CAD Geometry Templates  and Customizations
	Slide 4: Geometry Templates – Advantages
	Slide 5: Options for Customization in Ansys Motor-CAD 2023 R2 – Part 1
	Slide 6: Options for Customization in Ansys Motor-CAD 2023 R2 – Part 2
	Slide 7: Enter: Ansys Motor-CAD 2024 R1 – Adaptive Templates
	Slide 8: Overview of Ansys Motor-CAD 2024 R1  Adaptive Templates
	Slide 9: Ansys Motor-CAD 2024 R1 – Adaptive Templates Overview
	Slide 10: Adaptive Templates Demonstration
	Slide 11: The Adaptive Templates and the  Physics Modules of Ansys Motor-CAD
	Slide 12: Adaptive Templates & Electromagnetics
	Slide 13: Adaptive Templates & Mechanics
	Slide 14: Adaptive Templates & Thermals
	Slide 15: Adaptive Template Creation
	Slide 16: Adaptive Template Motor Examples
	Slide 17: Trapezoid Rotor Duct, the Editor Window
	Slide 18: Trapezoid Rotor Duct, Python Scripting
	Slide 19: Trapezoid Rotor Duct, Example Scripting Workflow – Part 1
	Slide 20: Trapezoid Rotor Duct, Example Scripting Workflow – Part 2
	Slide 21: Trapezoid Rotor Duct, Example Scripting Workflow – Part 3
	Slide 23: Adaptive Template Motor Examples
	Slide 24: Rotor Pocket Shaping with Bezier Curves – Part 1
	Slide 25: Rotor Pocket Shaping with Bezier Curves – Part 2
	Slide 26: Rotor Pocket Shaping with Bezier Curves – Part 3
	Slide 27: Python Scripting, PyMotorCAD and GitHub
	Slide 28: Workflows in Other  Ansys Products
	Slide 29: Ansys Tools and the Adaptive Templates of Ansys Motor-CAD
	Slide 30: Ansys Motor-CAD & Ansys optiSLang – Motor Optimization
	Slide 31: Ansys Motor-CAD & Ansys Maxwell – Advanced Electromagnetics
	Slide 32: Getting Started
	Slide 33: Ansys Motor-CAD 2024 R1 – Adaptive Templates Tutorial
	Slide 34: Ansys Motor-CAD 2024 R1 – PyMotorCAD & GitHub
	Slide 35: Summary
	Slide 37: Ansys Motor-CAD 2024 R1 – Adaptive Templates
	Slide 38

