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Cylindrical Gap Mesh Operation

X *QZ‘ZJ/ \ Airgap Cylindrical Mesh: Magnet Temperature Data:
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(®) Used {defautt) () Thermal Modifier

) Mot Used (®) Fixed Temperature (default)
Demagnetisation Curve: Hairpin Coil Type:

(®) Intrinsic (default) (®) LapCoil UDP

) Mormal (") HairPinCail LIDP {default)

Band Settings
Winding Groups per phase: Hairpin Coil UDP End Tips:
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£ Ansys Motor-CAD v2024.0.9 (e3_eMobility_IPM_User.mot) - ] X
T .-.L;IE M Oto rCA D Eg La b*;i Ib Ab File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
J } /: E Hb A\, Model Buid | {1} Caculation | @ Bectromagnetic | £ Themal | 1 Duty Cycte | =] Operating Point | () Generator | @ Calbration | €Y Settings |
(14 Model Options | 3 Loss Model | @ Machine Parameters | Model Status: :
[ Model Build Date Method Max
AEDT Model: Cumrent
A lpeak)
) ) i ) . AEDT Model File: | \Maxwel\TooktAPI testModels\e9_eMobiity_IPM_ANSYSEM_2D aect = :
Options | Defaults  Editors  View Results Tools  Licence Print  Help ; ' Stizaton IR e | ™
A Beliosh He [ion Lo 1711230933 |Maxwel (Ref. | 480
. . 55 11 5 W %
wit Data | Default Settings Output Data | gGraphs | ¥ w Densitivity I OE Maxwell Mode! Design Name: Motor CAD &9_sMobiy_IPM > Speed) 30
b " . AC Loss
- (Please ensure the d name in Maxwed begins with the Motor-CAD")
| m@ 10 | Units == iz - . !
c | Ansys Blectronics Desktop: Magnet Loss 17-11-2309:33 ga:;:;l 3(:4, 480
Rotor Type R AEDT Exe Directory: [C:\Program Files\AnsysEM\w241\Win64 ]
Dizplay Size e Tocaion
Rotaor Ducts pay
—_— File Locations Model Options: ‘ :
Rotor P A ) Model Resokdion: Blectric Cycle: ;m:::'
utomation f ‘ [
. . 1 Pt | [N (I 1] I (o oy~
: No. Stator Cument Points ' | No. Cycles : Maximom speed: |10000
Pole Numb Motor-CAD Lab link > ® Motor-CAD EMag (default) No. Phase Advance Ports: (5| Ports per Cycie:[20__ |
- Max stator cument (Peak); (480
= Intial Phase: =
Magnet Th Interface Language Ansys Maxwell ot Mo Pt i | [ -Adgnment Max stator curent (RMS): [3394 |
Lab Link e, © Asonati ,
Custom d N : 12
. — Model Variation with Speed: O Manual
Magnet Reduction 0 Model Type:
(@) Ref speed with loss scaling (default) 0
O Full speed map Build Model
Reference Speed: ‘[520.; |
A Cancel Model Build
Lab Model Built
\ 17 November 2023 WWW.ansys.com
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Machine Parameters: Machine Components:
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Winding Connection: (® Magnets Select Magnets Iron Los
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() Delta Connection (O Banding AL Los
Selected Magnet Components: Magnet
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ne * ] “)(H
L1_1Magnet2N1_1_1 L] Paran
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Deselect Al Select all
Set Magnets Cancel
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Components imported successfully.
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ﬁ Ansys Motor-CAD v2024.0.2 (No File)* TEST RELEASE ONLY - NOT VALIDATED - O X
File Edit Model MotorType Options Defaults Editors  View Results Tools Licence Print Help

OGeometry lDArmature Winding ] D Field Winding ] Dﬂ Input Data ] “” Caleulation | @ E-Magnetics ] Z=| Output Data ] gGraphs ] EgSens'ﬂiv'ﬁy 1 °Scripting ]

©ORada | Axal | b Edtor |3 |

ﬁ Ansys Motor-CAD v2024.0.2 (Mo File)” TEST RELEASE OMLY - NOT VALIDATED
File Edit Model Motor Type Options Defaults Editors  View Results  Tools

15 FEA Edior |

Solve Rotor Stress Model
Shading:
() Region
(®) Mechanical Stress

() Displacement

Shading function: |SVM//MPa  ~
Shading region

Cptions:
legend [ Outlines [ ] Mesh

Equipatertial Lines:[l SVM
Vector Lengths:[l u ~

Shading Range:

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

Save Load

Geometry Options: | View:

Paint Labels (®) Results
[ virtual Lines () Geometry
[ Boundaries (C) Mesh

Open

OGecmetry I Dﬂ Input Data I HH Calculation =M Stress lﬂ Output Data ] <} E-NVH 1 E

Licence Print Help

:Sensrti\rity ] °Script\ng ]

Slot Type: | Parallel Tooth ~  Rotor Type | Salient Pole ~
Stator Ducts: | None ~ or Ducts: | None ~
Slip Rings: | None ~ Peparator: | L-Shape ~
Stator Parameters el T
Slot Number 13 Rotor Slots 4
Stator Lam Dia 130 Pole Width 20
Stator Bare a0 Pole Depth 12
Tooth Width 7 Pole Tip Width 10
Slot Depth 18 Pole Tip Depth g
Slot Comer Radius 0 Pole Tip Radius 0
Tooth Tip Depth 1 Pole Base Radius 0
Slot Opening 3 Pole Suface Rad [Calc] 35
Tooth Tip Angle 0 Pole Suface Offsst 0
Sleeve Thickness 0 Airgap 1
Liner Pole Side 2
Liner Pole Tip 1
Liner Coil Base 1
Rotor Coil Width 7
Ruotor Coil Depth 10
Wdg Separator [%] 100
Wdg Separator Radius 5
‘Wdg Separator Width 1
‘Wdg Separator Embed 1
Damper Bars ]
Banding Thickness 0
Shaft Dia 25
ol HOkE Dot 0 Geometry Parametensation: D I Draw b:
® Dimer:sions 9] Ratios. Check Redraw D:: E:to:ng O D:':\:' DEE
Length (-10.71,57.85) mm 2 October 2023 WWW.aNsys.com
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# Ansys Motor-CAD v2024.0.2 (e2_eMobility_IPM_hairpin_150kW.mtt)* TEST RELEASE OMLY - NOT VALIDATED

File Edit

Model

D Pattem D Definition
Coil Style: Hairpin
Divider Type: | Owerapping

Wdg Definitiof:| Separation

Moter Type
nﬂ Input Data | HH' Calculation | @ E-Magnetics | =

e

Options  Defaults  Edjtors

~ |Wedge Model: |Wedge e

w

View Results

Wire Selection

Liner-Wire Gap:
Comer Radius: EI

Number of Strands in Hand: |1

Wire Height Ratio:

Ins Thick: |0

Tools

Licence

Print

Help

Cutput Data I gGmphs EcSensﬂi\rity I °Scripting I

Input Parameter Value Input Parameter Value
Wire Slat Fill 0.7546 | | Number Of Wire Sizes 1
EVWdg Fill 0.4508 Conductors/Slot &
Liner Thickness 0.25 EWdg MLT 179.04
Copper Depth [%] 100
Conductor Separation 018
Motor-CAD
Ouitput Parameter Value Ouitput Parameter Value Output Parameter Value | |Hide »
Conductaors/Slet Drawn & Slot Area 1359 Covered Wire Area 90.95
Wire Slot Fill (Wdg Area) |[0.7546 | | Winding Area {= Liner) 134 Copper Area 81.78
‘Wire Slot Fill (Slot Area) 066593 | | Winding Area 1205 Impreg Area 2958
Winding View: Copper Slet Fill (Slot Area) |0.6018 | | Winding Depth 24107 | |Wedge Area 1934
Red raw Cuboids Heavy Buid Siot Fil 07546
(@) Conductors
Length [-7.312,112.5) mm 3 October 2023 WAWLARNSYS. Com
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Magnetisation:
() Paraliel

(") Radial

(®) Halbach

Halbach Type:

() Continuous Ring Amay
() Sinusoidal Aray

() ldeal Pattem

() Radial Pattem

(®) Custom

ﬁ Ansys Motor-CAD v2024.0.2 (No File)* TEST RELEASE OMLY - NOT VALIDATED

" FEA | i FEA Edtor | B FEAPaths |

Solve E-Magnetic Model —

Shading
() Region

(®) Flux Density

O Vector Potertial

O Curent Densty

O Eddy Cument Densty

Shading function
Shading region _m -

Options
M Legend [FCutines  []Mesh
Equipotential Lines

Vector Lengths: E
Shading Range
A futomatic /M ] Max
Min: 0 Max: |22
Debug

Save Load

Geometry Options:  View

Point Labels (@ Resuits
[ Vitual Lines () Geometry
[ Boundaries O Mesh

Open

StaticLoadInductance_resul v

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
@ Geomety | [ Windng | [ nput Data |t} Calculation @ EMagnetics | ZZ] Output Data | |4 Graphs | £ Sensitvity | € Scripting |

8(T]
1.108

1.063

1.019

0.974

0.930

0.885

0.841

0.796

0.752

0.707

0.663

Stator B=1.423T pR=1100 J= 0A/mm2 C= OAT Area= 5107mm2 Length (-14.993,66.674) mm 3 October 2023 WWAWLENSYS.com
3 Ansys Motor-CAD v2024.0.2 (No File)" TEST RELEASE ONLY - NOT VALIDATED - O X
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
@ Geometry | []winding | [ input Data | {{4 Calcuistion | &> EMagnetics | Z2] Output Data | [2% Graphs | £ Senstivity | @ Scripting |
L FEA i FEAEdtor | Sy FEAPaths |
Use Custom Regions: Check Mode Geometry Options | Geometry Check|
[ E-Magnetic Themal Slot @ Automatic DXF Import Options View Options
Mechanical Themal Pole O Manual Use E-Magnstic DXF Import as: [ Show Airgap and Boundaries
E-Magnetic Single Slot and Pole Entire Stator and Rotor
O Add @ Copy 2 Resat Display DXF Enrors
Che Mechanical Single Entire Rotor
Ex gF Compe | [Ry Delete Themal Single Stator Siot Ertire Stator
Postions | EMagnetics |
Region Name | Amplitude Angle
Units Tesla MDeg
Magnet1 1125 (1- Pole_Number / 2) *theta + 180
=]
o
=
3 October 2023 WWW.ANsys.com
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Eile Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
OGeometr:.' l[]ﬂlnput Data ] 'H.H' Calculation l =M Stress l 22| Output Data QE—NVH lEGSensﬂiv'rty ]OScripting ]
J_Mndal \ Torque I@Forces lr*—-Stn.lctural ] T Acoustic ]aSeﬁings l

_d)_ Modal ﬁﬁ\cljust Modal Results l

Add Row Delete Row Clear Table

Mode shape Calculated stiffness Required stiffness Calculated natural Reguired natural

Default damping ratio | Reguired damping ratio
frequency frequency
MMN/m MN/m Hz Hz
0 I 239977 0 6658 47 6750 0.05 0.02
3 I 132150 0 3358 68 9010 0.05 0.03
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ﬁ Ansys optiSLang Export

Input Parameters = Requirements | Dbjecti'u'esl Summar'_.rl Test Hunl

| Add Requirement | | Delete Selected Requirements | | Clear Al Requirements

Type Wariable Requirement

NVH Maimum total < a5

Operating Pairt

2 2023-0ct-03 09:51:00.65917% INFO DETAIL

ﬁ optimisationScript.py - C:/Workspace/Local work/AdaptiveTemplates/RotorNotch/e9_eMobility_ParamMotch_SingleOpPoint/optiSLangExport - ExportedProj - MotorCAD O *
Parameter ﬁ MotorCAD ‘; Variables = Responses
CER - = .
L notch_mid_angle 15 |Abmlute path ~ | |)lates,.'RobarMobd'1,|fe9_el'~"lobiIity-'_ParamNch&:h_SingIeO|:»Pcint,.fm:lﬁSLangE)¢'|:»crt,|fo|:|ﬁmisaﬁonScrh:lt.|:|\.I | |P' | - | Open J Maximum_Total_Sound_Powe
—
Parametrization Settings | peak_Shaft_Torque_MaxValue
Inputs Qutputs
Search for | |Search for
MName Value MName Value
i 1 notch_mid_angle 15 1 Maximum_Tota.. 0 < >
Input slots Qutput slots
> Standard slots 2 [ > Standard slots
[ tnstant visualization
< '\:/' Show advanced options < >
Date Time Log level Hid Message
1 2023-0ct-03 09:51:02.5289584 INFO Reloaded custom script "c:\Ansys_Motor-CAD\2024_0_2\Motor-CAD Data‘optiSLang‘\Integration‘\Motor(AD ci.py".

License feature checkout requested (first of): optislang level2 [in 198 milliseconds]

OK

|| cancel | [ apoy |
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Saturation Model:
Model Type:
() Analytical
(") FEA Map (recommended)
(@) FEA Map Advanced

Rotor Leakage Model Resolution:

Na. Stator Cumrent Points:

Rotor Resistance Model Resalution:
Rotor Resistance Model Type:
() Analytical (recommended)

(®) FEA Map

Ma. Rotor Frequency Points:

@ Motor-CAD Lab Results Viewer (e5_eMobility_IM_150kW.mtt) — O

Grid On  Show Drive Cycle | Show Legend | ExportFigure ExportData Refresh Drive Cyde Refresh Units  Comparison Mode

& Graphing

Rotor Leakage Inductance Ref (mH)

0.0225

0.0200

0.0175

0.0150

0.0125

0.0100

ZE| pata

0 Graph Settings E’ Export Settings

— Imx=500.0A |

i i i
2000 4000 6000 8000 10000 12000
Speed (rpm)

¥ Axis: |Speed w | ' Axis: |Rohor Leakage Inductance Ref ~ | Z Axis:

e
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£ Ansys Motor-CAD v2024.0.2 (No File]” TEST RELEASE ONLY - NOT VALIDATED - o x
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help

I m x ~ A @ Geometry | []Winding | (] Input Data | Hl} Caloulation | £ Temperatures | ZZ| Output Data 2% Transient Graph |3 Senstivity | € Sorpting |
° l\\\ﬂ9¢l&1\ > L'FE'§ O seup | 5/ v [ |

[ Hest Flow | |22 Power | Temperature |

- 18EEF2023R2, 2024R1B2(EHERERF .

[V — Ambient

[V & Housing [Active]
[V - Housing OH [Front]
[ & Housing [Fron]
[¢ ¥ Endeap [Fron]
[V + Flange Plate
[¥ % Housing OH [Rear]
[¥ # Housing [Rear]
[V + Endcap [Rear]
¥ @ Stator Back Iron
[¥® Stator Surface
[V & Rler Surface
[F ¥ Magnet

[¥ + Rolor Back Iren
[V % Shaft [Active]
[¥ % Shaft [Fron]
[¥ o Shaft[Rear]

¥ @ Shaft OHang [F]
¥ o Shaft OHang [R]
[¥ & End Space [F]
[V # End Space [R]
[¥ + Bearing [Front]
[¥ % Bearing [Rear]
[V % Rotor Lam [F]
[¥ & Rotor Lam [R]

[ @ Magnet[F]
0 1,400 2,300 4200 5,600 7,000 5,400 9,500 11,200 12,600 14,000 |V @ Magnet[R]
Time [secs] ¥ o Viinding (Avg)

2 October 2023 Wwwansys.com




Ansys Sound £5f%,

OGecmetry ]Dﬂlnput Data ] HH Calculation ] = Stress ] ZZ| Output Data <> E-NVH ]E;Sensﬂi\r'ﬂy ] °Script\ng ]
_&'_Modal ] Torque ]@Forces ]:*—-Structural T Acoustic IQSeﬂings ]

E $ 1}% I] ;Té E 63\*):[_ , E’L‘XE}%E Ej] An Sy S S O u n d "= Radisted Power ||| | Spectrogram ||| Spatiogram | 7 Order Tracking |
o IFEEA MRS 150

11,000

°ﬁ%§%,%%m H5HMESES o

3,500

- REFESAUETIBREL oo =

Settings and other export formats...

Radiated Power Tracking (Frequency) (Stator) [dB Ref. 1.0E-12 Watts]

8,000
b, | e | iﬁ?bdz_ 7,500

° l'|'=%:|ﬁ.lg&)== =kI=KAD = 7o
3 o

c% 5,500

5,000

N NV N E}u u BA Ansys Sound - Analysis & Specification - [T: €3_eMobility_IPM_User_AnsysSound_Waterfall_dB_InfCyl] - m] x
q: I I ,T\/ Fdl File Edit Colculation Tools View Modules Window ? -8 x
NI AN N N
Information  Cursors 0.1Pa 9_elobilty_IPM_User_AnsysSound_Waterfal_dB_InfCyl A Audio
L Settings
o o a
MUTE a
@ » —  e9_eMobility_IPM_User_An: )
0.05Pa Gain
(o |
0Pa
<
L R
-0.05 Pa (] (]
150 150
-0.1Pa
< >
< >
T 9.8135, A: 0.091Pa Tmax: 10.00s, Amax: 0.10Pa, Fs: 44100Hz




Reduced Cycle Magnetostatic Solver with Losses (Beta)

ﬁ Ansys Moter-CAD v2024.0.5 (eda_EMobility_IPM.mtt)* TEST RELEASE ONLY - NOT VALIDATED - O

M ARSEHMERIRERER T ST Ei

A Y
| Ej OGeometry ] D‘.‘Vinding Dﬁ Input Data “m Calculation I @ E-Magnetics ] =2 Output Data ] gGraphs ] E: Sensitivity ] ° Scripting ]

ARZERT, REETELBEY
Bata e Lel AU EER

HE. ERESeaRTThNTES
REEVS

SRS ERRIRIRGE, (FFRT/EIR
TUES RIE KR

RERE AR A NIRRTk

AL

&Ma{erials QSeﬂings l‘l‘v‘la{erial database ]
GeometmI ] @ E-Magnetics HHCaIcuIaﬁon I%Graphs ] W Losses ],Preferences ] & Notes ]

Calculation Options:
Mesh Cortrol:

Stator Lam mesh length: D

Stator Slot mesh length:

Rotor Lam mesh length:

Magnet mesh length:
Rotor Pocket mesh length:

Min Poirt Separation:

Airgap Mesh:

Airgap suface points:
Airgap Layer Definition:
() User Specified
(@) Automatic (default)

Model Size:
Symmetry:
(®) Use symmetry (defautt)
) Full machine
() User Specified symmetry
() Full Non-Symmetry

]
]
Shaft mesh length: D
]
L]

Torgue Calculation:

Points per cycle:
Mumber of cycles:

Threading Options
E-Magnetic:
Multiple threads:
(®) Use Single Thread (default)

(O Use Muttiple Threads

Automatic Thread Number:

Lab:
Lab Threading Enabled:

Clear Thread Cache

Stator/Rotor Ducts:
Include in FEA:

Include Ducts (default
Exclude Ducts

Hairpin Conductors
FEA Regions:

(®) Layers {default)
O Simplfied

Back EMF Calculation:

Points per cycle:
Number of cycles:

Magnetic Solver:

(O Transient (default)

(O Multi-static No Losses

(®) Multistatic With Losses (Beta)

Solution Cycle;

OFul

(®) Reduced

Shaft Mesh:
Calculation Method:
() Exclude shaft

(® Include shaft (default)

Housing:
Include in Model:
(®) Automatic (default)

(O Include housing

Cogging Torque Calculation:

Points per cycle:

Number of cycles: |2

Short Circuit Calculation:

Points:

Duration: |0.001667

Load inertia:

il

Force Calculation:

Stator Modes Per Tooth: |1
Stator Node Points:
Stator Force Points: | 288

Rotor Nodes Per Pole: |1

Rotor Node Paints:
Rator Farce Paints:

1300

1 November 2023

Inductance Calculation:

Points per cycle:
Number of cycles:

Calculation Method:
(®) DC (defautt)
() 5mall Signal

Small Signal Inductance Solver:
Full

(default

Lumped Force Calculation:
(®) Enabled {defautt)

(C) Disabled

WWW.ansys.com
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£ Ansys Motor-CAD v2024.0.2 (€3_eMobility_Inverter_Reproduction_NewUl.mot)* TEST RELEASE ONLY - NOT VALIDATED ----- WARNING DEBUG BUILD ONLY - ... - O X
File Edit Model MotorType Options Defaults Editors  View Results Tools Licence Print  Help
’\; Model Buid NH Calculation |@ Electromagnetic I F Thermal I E Duty Cycle | EJ Operating Point | [ﬂGeneratcr I °Seﬂings I
MGeneral I O Windage I @ Bearings * Custom Losses |
Intemnal Custom Losses:
Allowed Loss Values (Intemal and Extemal):
‘ Add Custom Loss ‘ ‘ Edit Function ‘ ‘ Remove Custom Loss ‘ ©) Any loss value
(®) Non-negative values only {defautt)
%F El 1 !‘!Tn*%\%lﬁ Name Function Type Thermal Node
ZE J\ l— J\ It 1 Iron_Loss * min(1, Speed) Electrical
Mech 1 min{200, Speed) Mechanical
IRAEAT LA FE Bl S 4TI d RIS —
=N FH1dchH
J\ D E )-L é Add Custom Loss ‘ ‘ Edit Function ‘ ‘ Remove Custom Loss
Name Power Loss Function Voltage Drop Function
- BBE B EB A ER FEAMIEAT TERS ] S
DC Hamess Loss lde™2 " 1e-2 Ide " Te-2
B E‘ / )-l-’ D 1 ZASNY DC Loss 3e-3" Ide™2 Idc * 3e-3
Switch Resistance Loss 3" Be-3 ° Stator_Curent_Line_RMS*2 3" Be-3 ° Stator_Curent_Line_RMS /2.0
Switch Forward Voltage Loss 3" 1.5 " Stator_Curent_Line_RMS 2*15
Switch Switching Loss Stator_Cument_Line_RMS * {DC_Bus_Voltage - lde * (2.5¢-2 + 1e-2 + 1]
é I L\b Ej / \ \ AC Loss 3'2e-3*Stator_Curent_Line_RM5*2 3° 2e-3 * Stator_Cument_Line_RMS /2.0
s \ E b \ ?/ u D I AC Hamess Loss 31e-3"Stator_Cument_Line_RMS**2 3" 1e-3 * Stator_Curent_Line_RMS /2.0
LA\IN= il I Inverter Fixed Loss min{10.0, Speed) min(1.0, Speed)
IR motor-Cap Model Loaded Successfully
Internal custom loss functions 3 October 2023 WWW.ANSYS.COMm
%38 Edit Custom Loss Function — O x
Variables:
Name: | | [
Speed A
Power Function: | | Frequency
DC_Bus_Voltage
Voltage Function: | | Modulation_Index
Idc
aK ‘ ‘ — | Terminal_Power_Mator
Power_Factor
Trwartar Tt VWaltzas lime Dasl (—




Space Vector Drive Mode
- BT HERIEZERBEIRISVPWMEE AT
- IRE=HAIEZBAERE, WINERRE

FEimSa ZREEIEK.

Drive:
Drive Type:
() Defined Cumrents {Default)

{®) Calculated Currents

Drive Mode:
(®) Sine
() Square
Custom
(") Passive Generator

‘Winding Connection:
(") Star Connection {default)

(®) Delta Connection

1F5ZRY, B2

ﬁ Ansys Motor-CAD v2024.0.2 (e8_eMobility_IPM_User_CalculatedDelta.mot)* TEST RELEASE OMLY - NOT VALIDATED - O X
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.Geomew I D‘Ninding I M Input Data I HH Calculation I‘H‘ Drive | @ E-Magnetics I Z=| Output Data &Graphs |{} Forces I E:Sensrti\r'rty I °Scripting |

=| Data &Graphs ||||._ Hamonics I

gSummary gCurrents ||_Ten'nina| Voltages I g Back EMF I I_Torque I gﬁrgap Flux Density I |¢_¥ Flux Linkage 0/C I g Flux Linkage on Load I |_ Inductance I |_ ForcelIlZ‘
Graph Values:

() Phase () line ® aP:stle'ne [ Show DQ axis values Currents

||7— Phase1 [ — Phase? [¢ — Phase3 ¥ — LineA W — LineB v — LineCl

Current [A)

o 20 40 &0 80 100 120 140 160 200 220 240 280 280 300 320 340 380

180
Position [EDeg]
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ﬁ Ansys Motor-CAD v2024.0.2 (Mo File)* TEST RELEASE ONLY - NOT VALIDATED - O X
File Edit Model Motor Type Options Defaults Editors View BResults Tools Licence Print Help
OGeometry WDW\nding ]Dﬂ\nput Data ] HH Calculation ] F Temperatures ] = Output Data EﬂSensﬂi\rw 1°Scripﬁng I
. O Radiad = al] [ Edtor |w@3D |
% z r’j £ Housing Puial Fins (Sv) | Mounting Flange w
lj-ﬁ Eg ig {I I I? D]ﬁlﬁ EWdg Cavity: | Mot Potted ~ | Feedback Not Fitted o
Cowling: Mot Fitted ~ | Shaft Type Solid e
Fan Mo Fan ~ | Radial Ducts: | None ~
A/ E EJ Eﬁ 1? ?*& %};}Aim EJE?? 2y S_‘ZB% Radial Dimensions | Value | A Avial Dimensions Value | A
1%% *H—L{ﬁil IN\N\/. il lﬁ n Housing Dia 140 Motor Length 220
Housing Add [Inner F] 0 Stator Lam Length 950
e T A e
E Eg I E I m ﬁ Stator Bore 80 Rotor Lam Length 90 ﬂ) ZLF‘
Rotor Diameter [Calc] 78 Stator Asial Offset 0 ? %
Airgap 1 Magnet Axial Offset 0 n
Banding Thickness 0 Rotor Axial Offset 0 L ;_ e Ll
Yo R g o Teseem | 4| [cwsoonman | |
/ |-'] 1§ ? & ag”:: u: ;ESS - ensi:n
it N)ing g b =A Nk A el |1 | [hacen i i
Shaft Dia 25 Endcap Length [F] 10 @ @
Shatt Dia [F] 25 Endcap Length [R] 10
T TR St hom Do || | e
jg g Eg ﬂ_ ole ia.rneier cap ic. ness
BUATRELR, AT LARSIREumFA FAR AL HRE e St
Plate Height 350 Flange Depth 3
Wdg Add [Duter F] 0 Plate Thickness 23
%5%} %‘J Wdg Add [Quter R] 0 Bearing Width [F] 12
Wdg Add [Inner F] 0 Bearing Width [R] 12
Wdg Add [Inner R] 0 Bearing Offset [F] 0
BEE SEFIFERISHENEE
ReY>—xE A=A EERZE S
T{ Flow Options ] i Radial from Housing) ! Radial from Rotor) l Spray cooling comelation:
1;:1 Fluid Flow j ::;HE.'ET Transfer ] Submerged Jet
Component Input Comelation Stationary Rotational Area Sprayed h h Comelation Free-5uface Jet {default
h? hiinput] or | hfinput] or | Multiplier| Area | Stalionary | Rotational Factor
hladjust hladjust . _—
[adjust] [adjust] Spray coaoling nozzle definition:
Units pu. mm? Wim3C WimaC p.u. . )
User defined (default
EW Inner [Frort] (Layera) | [ | Radial Jets from Shaft) 1 1 1 1.042E04 | 39836 1.48E04 1 O ; )
EW Outer [Frort] (Layera)| [ Radial Jets from Shaft) 1 1 1 1042E04 | 3986 1 48E04 0.05 (®) Grouped by source
ront [Front era adial Jets {from : .
EW Front [Frort] (Layera) | [ | Radial Jets from Shaft) 1 1 1 2448 3986 1.48E04 0.1
ear [Fromt era adial Jets {from ; .
EW Rear [Frort] {Layera) | [ Radial Jets from Shaft) 1 1 1 4448 3936 1.48E04 0.1
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File Edit Model MotorType Options
o€ Setup ]ﬂ Data | [2¢Graphs |

Chart Titles:
4] Automatic Titles

Heat Flow

Heat Flow

Time
Graph Limits:

] Automatic Scale

X-Auis Limits Y-Axis Limits

I8 Transent Cortrol {3 et Fom Graph Set

4 Ansys Motor-CAD v2024.0.2 (No File)* TEST RELEASE ONLY - NOT VALIDATED ----- WARNING DEBUG BUILD ONLY - NOT VALIDATED -----
Defaults Editors View Resubts Tools Licence Print Help
(D Geometry | []winding | [ input Data | fiff Calculation | £ Temperatures | 2| Output Data 2% Transient Graph | £ 3 Sensiiviy | € Scripting | 274 Flow |

\ o Power Graph Setup | € Temperature Graph Setup |

(®) Separate paths
() Grouped Component paths

To
Rotor
Stator
Magnet
Winding
Endspace
cap icap
Flanged Plate Flanged Plate
Beanngs Beanngs
Shaft Shait
Ambient Ambient
Al Al
4 Housing Water Jacket
Path Display

2 October 2023

WWW.ansys.com

ﬁ Ansys Motor-CAD v2024.0.2 (No File)” TEST RELEASE OMLY - NOT VALIDATED

File Edit Model Motor Type Options Defaults Editors Yiew Results

Tools Licence Print

Help

OGecmetry ] DW\nd\ng ] Dﬂ Input Data I NH Calculation I F Temperatures ] Z2/ Output Data gTraﬂsient Graph

ﬁSeiup ] a Data &Graphs I
& Heat Flow I& Fower I &T&mpam{ur& ]

R: Senativity ] ° Scripting ] ,\N; Flow

a0

Heat Flow
PR
O L ot
v ﬂWv v v A ¥ % Housing [Active] to Housing \Water Jacket [4] [
&v W; 7 v 7 vv W # Housing OH [Front] to Housing Water Jacket [F]
70 & f; v v 7 : ¥ * Housing OH [Rear] to Housing \Water Jacket [R] t

Heat Flew

o 140 280 420 560 700 840
Time

980

1,120

1,260

1,400

2 October 2023 WWWL.aNsYs.com




Sync ERAXIE T (Beta)
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Motor Type Options

"\ Model Build  {{{$ Calculation | Z Blectromagnetic | |

. 7"" 73 Uﬁﬂ]ﬁ ﬁJZ EE,J_ }Jﬁﬁl__l Eadﬂuﬁl])(&? U4 General | Q; Windage | € Bearings | 3 Custom L

. SEHEEEERAMNEA, EAERTEE, HHSEEA e

Maximum Modulation Index:

Operating Mode

(® Motor
Comparison Path: C/Users/jmaclecd/Documents/Lab_Debug/Sync Max Efficiency/Comparison Data’Stock_e3 MaxE.mat A
. () Generator <
350 1.84 —~ 2
() Motor / Generator
168
300 Control Strategy:
152 (® Minimum Total Copper Loss
. (O Minimum Rotor Copper Loss
250 = (") Maximum Efficiencv (Beta)
F120 =
E =
=z m
= F104 &
o 200 g
=
=3 -
B 0.88 §
= =
2] =]
& 150 072 5
o
056

100 040

BRI vs &/ )MEFE

0.08

-0.08

1 1 1 1
2000 4000 G000 BO0O 10000 12000
Speed (rpm)



Control Strategyln Synchronous wound field machines Ld is typically
larger than Lg which means that unlike a salient BPM machine,
Maximum Torque per Amp (MTPA) is achieved with positive d-axis
current and negative phase advance.At higher speeds when in the
field weakening region it may seem logical that the voltage is simply
controlled by reducing the rotor excitation current. However, reducing
the rotor excitation will result in a low power factor, therefore to
maximise the peak power at high speeds the WFSM is operated as a
BPM with negative d-axis current used to oppose the rotor excitation
field.
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CAD v2024.0.5 (No File)
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File Edit Model Motor Type Options D

OGeometr'_.' ] DWinding ] Dﬂ Input Data l H”
Drive Parameters:

Current Calculation:

Drive Parameters:
Switch resistance: 0
Switch forward voltage: 0.8
Diode forward voltage: 0.6

Maximum drive duty cycle: 1
Switching Frequency Definition:

2 Default Settings = O X L
0 Automatic {default)

Fitter by Value Fitter by Type: Fitter by Category:

© Al Settings © Al Settings Select/Deselect Al Refresh Settings () User Defined

(O Non-Defautt Settings 8;nmpatlhl\m:j sdensuggs M ENagnetic

Fit Model: ecommende ings Thermal o

L{)eér.l:’;aﬂ;ges () Unsupported Settings Lab Restore All Compatibility Settings to Defautt Swftchlrlg fl'equerlc}' : 100

i i Mechanical
© Settings Used In This Model Matches: 30 focher
— Restore Selected Settings to Default :

Fiter: Ratios g Inductance used for Cument Calculation:
O ‘Seﬂingf Current Value |Defa\lt Value Category Type Automation Name Desi Average O."EEI. C}'ClE .de‘fauﬂ
[ FEA Iron Loss Calculation “ector Br, Bt ~ | Vector Br, Bt E-Magnetic ~ Compatibilty | FEALossCalcType The | .'v'.al'-'il'lg With Position
() FEA Slot Area Calculation Improved ~ | Improved E-Magnetic ~ Compatibilty | FEASlotAreaCalculation Area
] FEA Small Angle Method Only comect f mesh emor ~ | Only comect if mesh emor E-Magnetic  Compatibility FEASmallAngle Method Meth
(] FEA Small Angle Size 2 2 E-Magnetic Compatibility FEASmallAngle Size FEA:
O Hysteresis iron loss method Combi | Combi E-Magnetic Compatibility HyslronLossMethod Meth
[ Include Shaft Include shaft ~ | Include shaft E-Magnetic ~ Recommended | ShaftSolve Contr
[ Include Wedge Losses Improved ~ | Improved E-Magnetic  Compatibilty | TotalLossCaleulationMethod Inciu
() Linear or nondinear demagnetisation curves Nordinear ~ | Nondingar E-Magnetic Recommended | DemagCurveMethod Spec
() Magnet 203D Width Calculation Method Enhanced ~ | Enhanced E-Magnetic  Compatibilty | Magnet2D3DWidth_Calc Meth
() Magnet Loss Calculation Method Preprocessing | Preprocessing EMagnetic  Compatibiity | Magnet2D3DCalculation Meth Paower Supply Parameters:
O Magnetic Symmetry Use symmetry ~ || Use symmetry E-Magnetic Recommended | Magnetic Symmetry Whet

Supply voltage: 100
[ Monsteel Wedge Loss Model Improved ~ | Improved E-Magnetic ~ Compatibilty | NonSteelWedgeLossModel Calct
() Number of airgap layers method Automatic Automatic E-Magnetic  Recommended | ArgapLayersMethod Meth .
ey hi ¢ e ey Intemal resistance: 0

O Open Circuit Caleulation @ axis cument only ~ | (1 axis current only E-Magnetic  Compatibility OpenCincuitCale The ¢
[J  Peak and RMS Cument Method {Custom Drive) Enhanced « | Enhanced E-Magnetic Compatibility CustomDriveCycle_PeakRMS_Method  Meth Switching angle- 12'}
O Rotor Hysteresis Loss calculation method Minor Loops only | Minor Loops only E-Magnetic Compatibility RotorHysterisisCalculation Meth
[ Shaft Torque Calculation Method Improved ~ | Improved E-Magnetic ~ Compatibilty | Shaft TorqueCalculationMethod How Filter Capaci‘tance: ]
() Short Cireuit Phase Cument Caleulation Method Improved ~ | Improved E-Magnetic ~ Compatibilty | SCPhaseCumentMethod Ther
() Sleeve 2D to 3D Factor Calculation Enhanced. Incl. Overhang ~ | Enhanced, Incl. Overhang E-Magnetic  Compatibility Sleeve2D30FactorCalc This
-] Square wave drive circuit type Improved “ | Original E-Magnetic Compatibility SquareDriveCincuit Enab
O Stacking Factor Calculation Stacking Factor (saturation) E-Magnetic Recommended | StackingFactor_Magnetics Meth
(] Stacking Factor Iron Loss Calculation Method " Original E-Magnetic  Compatibility StackingFactorlronLossMethod Meth
[ Stator Slot Leakage Inductance Method Improved ~ | Improved E-Magnetic ~ Compatibilty | SlotLeakageInductanceMethod _Stator | Meth



£ Ansys Motor-CAD v2024.04 (U-IPM_FluxBarrier_dlayer.mot)* TEST RELEASE ONLY - NOT VALIDATED
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@iTPython, ESFEMIEIEHMIRIORAUmIGR o e

St Type: | Parallel Tooth ~  Rotor Type: | Interor U-Shape
Stator Ducts: | None | Rotor Ducts: | None v

) . s
IEINARPEN LIS T T —
o0 AE AR EIREF IS S o AR E
BTHRPECERE [P

View Results Tools Licence Print Help
© Geomety | [JWindng | {4 nput Data | {ilf Calcutation | @ E-Magnetics | 2/ Outpust Data | |22 Graphs | 3 Senstvay | € Scrpting |
ORadal | T aval W Edtor |00 |
[@ Geometry
v - O standard
v - M@ Amature
M @ stator
MO Amaturesioti1
MO ArmatresorR
M © StatorWedge
MO statorar
v M@ Fied
v -E 0 Rotor
M O Rotor Pocket
M © Rotor Pocket_1
M O Rotor Pocket_2
M O Rotor Pocket_3
MO Rotor Pocket_4
M O Rotor Pocket_S

© Geometyy | © Adsptive Templates | 5% Adaptive Parameters |

03205 v

Stator Lam Dia: [130__

Dimension

] [ ([ e Check

O Dimensions @ Ratios

Redraw

Draw base
v [JOraw DQ

Length (25.57,65.97) mm 25 October 2023 WWw.ansys.com

O Rotor Pocket_6
© Rotor Pocket_7
Mo shaft
O® Other

Property Value [ unt [ ~|[index | Entity Type | Point 1 I Point 2

‘ Unit
Name Rotor Pocket 0 A (0,959, 36.986) ©899.11313) | mm
Type Rotor Pocket 1 e | @8N.N3Y | (27214142 | mm
Matens Ar (Motor CAD mode) ‘ ‘ 2 | A (12727.14.142) (5.3666) [
e 2150000 "o | [ 3 Ac 5.36.66) | 099398 | mm
Certrod 73,2785 [ |y

Length (34.19,39.31) mm 25 October 2023 WWW.ansys.com
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EINR 241 notch_depth 5 notch_width
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# Ansys Motor-CAD v2024.0.2 (testAdaptive. mot)* TEST RELEASE OMLY - NOT VALIDATED — [m]
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
OGeometry NDWindmg lDﬂlnpm Data I “H Calculation 1 @ E-Magnetics ] =E| Output Data lgGraphs WE:Sensitiwty ]°Scripting 1
@ nradal | B Acal | L Edtor | 03D |
Slot Type: | Parallel Tooth ~ Rotor Type: | Surface Parallel
Stator Ducts:| None ~  Rotor Ducts: | Nane ~
Stator Parameters Value Rotor Parameters Value
Slat Number 18 Pole Number 4
Stator Lam Dia 130 Magnet Thickness 4
Stator Bore a0 Magnet Reduction o
Tooth Width 7 Magnet Arc [ED] 140
Slot Depth 18 Magnet Segments 1
Slot Comer Radius 0 Rotor Diameter [Calc] 78
Tooth Tip Depth 1 Airgap 1
o \ Slot Opening 1 | Banding Thickness 0
3 s\ —
L \ %* = | Tocth Tip Angle 30 | Shaft Dia 25
FTAE = MIZ7IN
Sleeve Thickness 0 Shaft Hole Diameter o
notch depth 5
& Ansys Motor-CAD v2024.0.2 (testAdaptive.mot)™ TEST RELEASE OMLY - NOT VALIDATED - O X
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print  Help
OGeometry ]D‘Ninding ] Dﬁ Input Data ] HH Caleulation ] @» E-Magnetics I E Output Data ] gGraphs 1 EcSensﬂi\r'ﬁy I °Scripting ]
@ Radial | T el | Edtor |we3D |
@ Geometry (©) Geometry ] € Adaptive Templates 5 Adaptive Parameters l
v -] standard . P
y aptive Parameters:
w @ Armature ry Parameterisation: Check Red Draw plate Draw base
& Stator Add Remove fnsions () Ratios ec edraw Draw Cocling [] Draw DQ
< ArmatureSlotl1
O+ ArmatureSlotR 1 ls_Value} Length (31.1,39.31) mm 2 October 2023 www ansys com
& StatorWedge Name Value
O+ StatorAir
@ Field
& Rotor T _IEL 5
& Magnet notch_width 3
O Rotorair_1
& Shaft
O RotorAir
v -[@ other
@ Base
------ O & Housing
------ O & statorslot
------ I @ Liner
-] @ Impreg
@ Outer_Stator_Air
Property Value Uit Index : Entity Type Point 1 Point 2 Unit
Length (31.1,39.31) mm 2 October 2023 WW W ENSYS. Com
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