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e New NVH Solution s

Engineering What's Ahead.

* Integration with Ansys

e Usability (UX)



New NVH Solution
Motor-CAD Standalone

Ansys



NVH: Analysis Workflow

. ) i : ol Acoustic Noi
Electric Power Supply | Electromagnetic Electromagnetic Forces Mechanical Displacement Acoustic coustic Noise
A System System Environment
e Current driven | * FE based model _* Analytical based models _+ Analytical based model
* Airgap forces calculation . * Free motion response (1) -« Sound pressure levels

N . * Maxwell stress tensor method - Forced response (2)
'\ V[, Fourier analysis

SinlesoidaI-;urrerwts-. ‘(W A
i \@ W
- y

Operating point (torque, speed, temperatures)

NVH simulation loop: single and multiple operating points
Y \NnsyYs




NVH: Excitation Forces

Campbell Diagram

Excitation Order Tracking (Stator) (Radial) [dB Ref. 1.0E+00 N/m?3]

1D and 2D Time and Frequency analysis of radial forces using
Motor-CAD Electromagnetic FEA Solver.

* Force calculations for single/multiple operating points

Speed [rpm]

* Campbell diagram shows dominant harmonics across speed range

* Force export for high fidelity NVH analysis in dedicated tools

* Available for BPM, SYNCREL and SRM machine types
Multiple operating point calculations 1D Time & Space Force Analysis

£ ANSYS Motor-CAD v14.1.1 (<8_eMobility_PM.mtt)* - o x -

o o = ]

View Results Tool

Fpe Options Defaults Edi esults Tools Licence Print  Help
ata | fffCalcutation | 4 Stress | 2] Outout Data | < Forces | 52 senstivay | € scrptng |

2D Frequency Domain Force Analysis

oru
Requested Torque ‘ Calculated Torque ‘ Spoed ‘ Peak Line Current ‘ Phase Advance ‘ Mas
107.775 1437 179.625 215.55 251475 207.4 323.325
N | | | | L [MDeg]
Load Poirt i) A
Add Point 160 -
o ww | coodston
fear
"

| | | I I | I L1 3 1 I ] a P | ' a
20 30 40 S0 6 70 80 S0 100 110 120 130 140 150 160 170 180 190 200
Space Order

0 10




NVH: Structural Analysis Modal analysis results

Lumped Stiffness
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Based on fast analytical structural models i e e i oot tra ereg-

Free motion response:

Mass [ka]

— Modal Analysis based on equivalent thin ring g
mOdeI ’ 0 1 2 3 4 5 6 7 8 9 1w 11 12Mm13 14 15 16 17 18 19 20 21 22 23 24 25

aaaaaaaaaaaaaaa
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— Calculate natural frequencies of stator structure Lo

nnnnn
nnnnnn

Forced response: o

— Static displacement calculation

fa Cto r Magnification factor vs Frequency @ 1500rpm isplacement - [dB Ref. 1.0E-11 mm]

— Dynamic displacement calculation 0

— Dynamic velocity provides input into acoustic :
models w0 f

— Dynamic acceleration direct measure for
vibration

2 5 8RB 8 &S5 &8 H 3838

2000 4000 5000 8000 10000 o 2000 4800  s0 000 10000 12000 14000 1600,
f[Hz] (f_=100Hz)
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NVH: Acoustic analysis

* Based on fast analytical acoustic models

e Spectrograms and spatiograms quantify acoustic
response across speed range

* Order tracking provides further insight for root

cause analysis and identifying measures to

reduce noise

Radiated Power Tracking (Frequency and Space) (S);mq‘\‘,/,/v

Power [dB Ref. 1.0E-12 Watts)
0
A
)
\

6,000
Speed [RPM]

12,000
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10,500
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9,500
9,400
8,500
8,000
7,500
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5,000
4,500 1/,
IR | /77777777
3,500

@ n ~
5 o =]

Speed [rpm] \.\

3,000
2,500
2,000
1,500
1,000 -J1
soo J§ 4

I [ D0 [

20,000

New Motor-CAD NVH Solution:
— Quickly compare noise for different motor concepts
— Easily identify the cause of any motor noise early on

— Provide the tools to enable a motor designer to make
changes to reduce noise

Avoid noise issues before they become a problem.

— \nsys
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Integration with Ansys

Ansys



Ansys optiSLang Export (1/3)

File Edit Model MotorType Options Defaults Editors Vi
© Geomety | [Winding | [ iput Data | Hlf Cacuiaton | & E-Magnetics
ORadel | Faia |00 |

* Allows users to create a fully set-up optiSLang project ready
to run based upon a base machine design in Motor-CAD. — 5
Template based optimisation. e e

* No scripting required, removes a significant amount of the
workflow. Can go from a Motor-CAD file to an optiSLang MOP
just via GUI interaction.

aaaaaaaaaaaaaaaaaaa

@ Dimensions O Ratios Check Redraw

* Also useful for more experienced users. The exported script
can be used as a template to customise and create more
complex procedures. Fully compatible with the current
Python node methodology.

* Available for BPM, SYNCREL and IM machine types. "

e st




Ansys optiSLang Export (2/3)

=

Input Parameters Requirements] Objectives | Summary| Test Bun

» User can pick from a range of input S —
H Tooth Width Ratio 0.4316
parameters and specify upper and lower

b O u n d S ' Band?io;hi:nzzioﬂaﬂo DIf
* Geometry, magnetic model and winding She e Pt o
parameters. oot T Do :

* OQutputs (requirements/constraints and EZEZZ‘;E';‘;’E;TSE

objectives) can then be specified. Peak &
Contlnuous performance, meChan|Ca| % ANSYS optiSLang Export

Input Parameters  Requirements ] Objectives] Summar:.'] Test Run

a n a IySiS7 to rq u e ri p p I e’ d Uty CyC | e Add Requirement Delete Selected Regquirements Clear All Requirements
a n a IySiS, VOI u m e a n d m aSS . Type Variable Requirement Operating Point Operating Format

(Speed)

Peak w Torgue w 100 Mm &t 3000 Pm Speed ~ O

Continuous |+ Power ~| s 5000 Watt Maxvalue [+ [J
(Speed)

Torque ripple  |~| Percentage |+ 5 at 5000 mm Speed/Max |+ J

Duycyde ||  EHficency [v] > % ez

Y \NnSyYS



Ansys optiSLang Export (3/3)

A summary of the optimisation is shown before exporting. Users just have to specify the optiSLang
exe to be used and the export directory. Everything else should be handled by the install.

* Test run feature also available. This shows the Python script that will be used and allows users to
see the output values for the current design and roughly how long a single run takes.

o ;8 ANSYS optiSLang Export
Input Parameters| Requirements| Cbjectives | Summary | Test Run
Input Parameters: Input Parameters | Requirements Objectlves] Summary | Test Run ]
Varisble Min Value Max Value
Stator Lam Dia 100 200 Cartrol:
Stator Bore Ratio 0.5 0.3
Tooth Width Ratio 0.4 06 Start Test Tun Stop Refresh Seript
Shaft Ratio 02 04
Magnet Thickness 3 5 Sript:
1 |#2# £33
Requirements: 2 (#8#8 ————- Motor-CAD to optiSLang coupled export script———--- $44
Peak Shaft Torque > 100 Nm at 3000 mm 3 |32 £33
4
Continuous Shaft Power > 5000 Walts a maximum pairt on speed curve 5 |import win3Zcom.client
6 |import os
Torque Ripple (MsVw) [%] < 5 % at 5000 pm, maximum curent 7 |import time as timeModule
8 |from os import getcwd
Average Hfficiency (Poirt by Point) > 90 % 9 |from os.path import join, dirname, exists, b nam
10 |from collections import OrderedDict
1l |from time import localtime, strftime, sleep, time
Objectives: 12 |from scipy.io import loadmat
Minimise Weight Magnet 13
14 |2#2 ##8
Minimise Active Volume 15 |##8 To be filled in by user if not being used with export--- ###
le |#22
17
18 |refdir = 'To be filled in by user or optislang’
19 |[motFileName = 'To be filled in by user or optislang (no .mot extension)’
20
21 |##2 ##2
optiSLang Exe Location: 3
[c:\Prgram Fies\Dynardo\ANS Y5 optiSLang 2021 RZ\optislang exs | Change
Optimisation Export Folder 1 |Test run outputs will appear here upon completion.
|c Workspace'\Motor-CAD 64\ Dev\Robert Kelly\Output\optiSLangExport \ Change

Setup Optimisation in ANSYS optiSLang

Y \NnSyYS



Export of geometries to Ansys Discovery (1/4)

* Export of 3D geometries from Motor-CAD into Discovery for use in Ansys Toolset.
* Is achieved using Python scripting

* Ability to have export of geometry that is not available in Motor-CAD template.
- Export custom geometry in Motor-CAD defined from dxf

@
7 ANSYS Motor-CAD v15.0.2.2 (8_JEEJ_IPM_D-Model.mtt)* DEVELOPMENT RELEASE - [m] X o %
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help OBE Y % Hosing
OGeumelry IDW\ndlng 1 Dﬂ Input Data 1 M+ Calculation ] @ E-Magnetics | ZZ| Output Data ] %Grﬁphs 1 Ec Sensitivity 1 o Scripting I (cX 2 . I . Housing Active
©Radal | S acal e | (oR=3 — @ Bearing Front
Siot Type: |Parallel Tooth v | Rotor Type: | Interior U-Shape O =M | — @ EndCap_Front
Stator Ducts: | Mone | Rotor Ducts: | Circular Ducts ~ O @l | — @ EndCap_Rear
Stator Parameters Value Rotor Parameters WValue | A~ o® — ' Bearing Rear
Slot Number 24 | Pole Number 4 OBEKE [P @ Stator
Stator Lam Dia 112 || Notch Depth 0 O®k Ly @ Rotor
Stator Bore 56 | Magnet Layers 1
Tooth Width 33 [ L1 Diameter 2 o= — @ Rotor_Lamination
Slot Depth 1386 | L1 Bridge Thickness 0.5 ol H— . L1 1Magnet2N1
Slot Comer Radius 3.3735 | L1 Web Thickness 15 "
Tooth Tip Depth 089 [ L1 Ouer Angle Offset | 0 O®l [—@ LiiMagens
Slot Opening 2 L1 Quter Thickness 25 O™ - — . L1_1Magnet2N2
Tooth Tip Angle 1] L1 Quter Mag Length 0
» — 1
Sleeve Thickness 0 |/L1 Outer Mag Segments| 1 o=H @ L1_1Vagne2s
L1 Outer Mag Offset 0
L1 Outer Mag Gap | 0 D 8 Physics
L1 Outer Mag Gap O 0
L1 Quter Post 0
L1 Quter Post Offset 0
L1 Inner Thickness 25
L1 Inner Mag Length | 10.4 Py
L1 Inner Mag Segments | 1 .. ﬁ
L1 Inner Mag Offset 0 '
L1 Inner Mag Gap | 0 ; /35‘\
L1 Inner Mag Gap O 0 Geometry P . -
L1 Inner Post 0 w | ® Dimensions (O Ratios Check Redraw o gex
Length (-13.95,42.56) mm 16 November 2021 www.motor-design.com

et e R Sl
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Export of geometries to Ansys Discovery (2/4)

£ ANSYS Motor-CAD v15.1.1 (e8_eMobility_IPM.mtt)*
File Edit Model Motor Type Defaults  Editors
OGeomem' ]DWinding 1 Uﬂlnput Data I HH Caleulation | @ E-Magnetics

Options View Results Tools Licence Print Help

Saturation and Loss Maps

Gl Fen ol FEAEdor | B FEA Paths |

Use Custom Regions:
[] E-Magnetic
Mechanical

Posttions ] E—Magnetics]

Themal Slot
Themal Pole

2  Resat

Check Mode:
(®) Automatic

(O Manual

Region Name Region Material X Y

Units mm mm
AmatureSlotL1 Copper (Pure) 77.19 577
AmatureSlotR1 Copper (Pure) 77 6.529
L1_1Magnet2 N30UH 3598 274
L1_1Magnet1 N30UH 47.65 8.886
L2_1Magnet2 N30UH 53.5 2568
L2_1Magnet1 N30UH 58.82 16.84
Rotar M350-50A 59.59 2468

Rator Pocket 414 386
Rotar Pocket 51.55 3679
RotorDuct FluidRegion 29.54 1223
RotorDuct FluidRegion 4473 4293
RotorDuct FluidRegion 61.99 1.275
Shatt 2053 0.8505
Stator M350-50A 98.59 6.462
Statorfir 66.45 4.355

Stator'Wedge 67.28 441

Region Check 100% complete.

ANSYS Electronics Desktop
Gec ANSYS SpaceClaim / Discovery

D; ANSYS optiSlang
SPEED
C Reduced Node Model Analysis

Custom Output Editor

Macro Record

- O X
Crl+Alt+ M
View Options:
3 Show Airgap and Boundaries
» | Rator Display DXF Emors

3 December 2021

©2022 ANSYS, Inc.

www motor-design.com

®3D
(@)

% SpaceClaim / Discovery Export - O X
Madel Type: Machine Component Selection:
[ Housing
Stator
Rotor
File: |C:"-.\-'vorkspace'--.[:liscn:uv«'er:,'_E:qzuort.|:|5.I | I Select file
Cancel Export

File Sketch Assembly

Display

Measure

Facels  Repair  Prepare  Workbench

Detail

SheetMetal  Teols

KeyShot

b V13 Stater

|Sinsctre] Layers Selection Groups Views

Optiens - Selection

Options - S Camera Options

Froperties

Click an object. Double-click to select an edge loop. Triple-click to select a solid.

2021 R1

&t Home = b Spin ~ / R 7 4 6 @ 2 Split Body < @ shel Cylind g.
D & Pan — @ \gJ h =] & spiit o« ;’g & Offset 2 § o -
Past Sketch Select Pull M Fill Combi o Se
= 5 O s T B P o A g | e Lo 58 e B0 Q sehere ript
Clipbeard Orient Mode Edit Intersect Create Body Record
LI -
Struct Seript Edit
ruciure Click &n object. Double-click to select an edge loop. Triple-click to select a solid LY
4% Designt B ok~ @~ F3 |4 Viaw Qe -
b 15 Rotor ANSYS t created by Motor

# SpaceClaim
# Motor-CAD

rispace\Motor -CADG41 De

# Geometry utility functions

n o

# Look up list
compColourList = 1

9 # Set Component Colour
1@ Fdef SetComponentColour(aComponent, aR, aG, ab):
1 compSelection = ComponentSelection.Create(aComponent

EdgeColorTarget = EdgeColorTarget.Body
FaceColorTarget = FaceColorTarget.Body
r.SetColor(compSelection, options, Color.Fre
# EndBlock

=def GetPoint(aX, aV):
return Point20.Create(Mm(ax), MM(aY))

5 4 Sketch |ines

eB_Fullpy X |+

Interpreter

4 b X | Consale (1) >

Confidential




Export of geometries to Ansys Discovery (3/4)

# ANSYS Motor-CAD v15.0.2.2 (a2.mtt)” DEVELOPMENT RELEASE
File Edit Model Defaults
OGeametry WDWlnd\ng Inﬂ Input Data I M{ Calculation ] F Temperatures
ORadial | Zae wa |
Component Selection
v [AEF Machine ~
v [ outer Casing

[] @ Endcap [Front]
@ Endcap [Rear]

Motor Type  Options Editors  View Results

» End Winding [Front]

¥ End Winding [Rear]

@ Lamination

0 Wedge

& Winding

@ Rotor

#® Banding w

3D Geometry Export

Viewer Controls
Animation
[JEnable [ Staggered Buid
Zoom Reset view to:-
[ ] Radial
Auial
Scene Colour Overhead
Animation Export

Tools

Licence

Print

Help

- [m] X

Qutput Data I I:g Transient Graph EC Senaitivity ] ° Scripting ]

16 November 2021

www motor-design.com

Paste
CLIPBOARD
0%
OBK
ool
O™
o<l
o=H
O =
O®K
O™
(e 3

& Dispray

Shewcn &L | D BO A e
O @ 9B
Mope SKETCH

v [ Design1* &

v @ Housing

— @ Housing Active
— @ Bearing Front
— @ EndCap_Front

EndCap_Rear
L— @ Bearing Rear

v @ Stator

— @ Stator_Lamination

— @ StatorWedge

vO®

v ¥ Phy

— @ ArmatureSlotR1

ysics

S Structural steel, S275N

©2022 ANSYS, Inc.

e Measure

l‘:l‘f ﬁﬁ RS = SO N A B

0 Facers

Select

/ -

Confidential

N RepaIR

Pull

Move

Eoim

@) PrePARE

A, @2 B

Fill

Ansys DISCOVERY

& SimuLation

& SplitBody
& Split
Combine & Project

INTERSECT

| CONSOLE(3) X

B oinger O Tengen: & R
Ansys DISCOVERY
B Y~ e A

V20 § ne A 8

1 #0D rery Pythen script
2 % Created b D

class PartType:
RADIAL = 1
7 AXIAL_CIRCULAR = 2

metry utility functions
etPoint(aX, aY):
.Create(MM(aX), MM(aY))

“ld;
1 return P

~ldef AddCircle(aCentre_X, aCentre_Y, aRadius):
origin = GetPoint(aCentre_X, aCentre_Y)
result ircle.Create(origin, MM(aRadius))

XY plane procedures
Sketch Lines

lef ClosePolyLine_Line_XY(startPoint, endPoint):

result = SketchLine.Create(startPoint, endPoint).CreatedCurves[e].Shape.EndPoin
return GetPoint(result.X * 1009, result.y * 1600)

=l

-ldef AddPolyLine_Line_XY(startPoint, end_X, end_Y):

+

\nsys



Thermal Analysis in Ansys Discovery (4/4)

* Geometry exported from Motor-CAD can then be used for more detailed analysis in Ansys Discovery
* This example shows thermal analysis of the machine in Ansys Discovery

Y \NnSyYS
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Granta Material Database (1/2)

Large database of Magnet and Electrical Steel
materials from Granta are now included wit
Motor-CAD (>800 materials).

Ll /Ll AL dL 7L

| Alloy_powder_core.gdb

AlMNICo_magnet.gdb | Cobalt_steel.gdb

| Electrical_steel_grain_oriented.gdb

Bonded_molded_magnet.gdb

Eerrite ceramic magnet gdl:l | Electrical_steel_non_grain_oriented.gdb
o B Ferrite_core.gdb
Meodymium_magnet.gdhb - -cored

) | Iron_powder_core_plus_SMC.gdb
Neadymium_magnet_JL_Mag.gdb | Metglas_and_nanccrystalline.gdb

Samarium_cobalt_magnet.gdb

* Import materials from Granta databases.

* Granta licence required to access these

materials.

| Mickel_steel.gdb

22 Import Material Database - m] X
Material Type Thermal | Specific Heat | Density| Resistivity| Temp. Coef. | Magnet |MNotes ~
Conductivity of Resistivity | BH Values
[ | units W/m/C | kikg/C | ka/m’ | Ohmm
[ | Armold | N48H Magnet 8.7 470 7500  1.8E6 0 135  Neodymium magnet - Amold - N48H. Data provided by MagWeb and
[ | Amnold | N48M Magnet 8.7 470 7500 1.8E6 0 137 MNeodymium magnet - Arnold - N48M. Data provided by MagWeb and
[ | Amold | N48SH Magnet 8.7 470 7500  1.8E6 0 112 | Neodymium magnet - Amold - N48SH. Data provided by MagWeb and
[ | Amnold | NS0 Magnet 8.7 470 7500 1.8E6 0 138 Meodymium magnet - Arnold - N50. Data provided by MagWeb and
[ | Armold | NSOH Magnet 8.7 470 7500  1.8E6 0 135 | Neodymium magnet - Amold - NSOH. Data provided by MagWeb and
[ | Amold | N50M Magnet 87 470 7500 1.8E6 0 116 Neodymium magnet - Arnold - NSOM. Data provided by MagWeb and
O | Amold | N52 Magnet 8.7 470 7500  1.8E6 0 140 | Neodymium magnet - Amold - N52. Data provided by MagWeb and
[ | Amnold | N52M Magnet 87 470 7500 1.8E6 0 166 Neodymium magnet - Arnold - N52M. Data provided by MagWeb and
O | Amold | N55 Magnet 8.7 470 7500  1.8E6 0 115 | Heodymium magnet - Amold - NS5. Data provided by MagWeb and
[ ATaM | ATMAX33H Magnet 8.7 470 7300 1.5E-6 0 46 Neodymium magnet - AT&M - ATMAX33H. Data provided by MagWeb
[ |ATEM | ATMAX4SH Magnet 8.7 470 7300 1.566 0 133 | Neodymium magnet - AT&M - ATMAX45H. Data provided by MagWeb
[ AT&M | ATMAXSOM Magnet 8.7 470 7300 1.5E-6 0 113 Neodymium magnet - AT&M - ATMAX50M. Data provided by MagWeb
O BIMT | N4BUHa Magnet 8.7 470 7500 1.5E6 [1] 107 Neodymium magnet - BJIMT - N48UHa. Data provided by Magweb and
[ BaMT | M5QUH Magnet 8.7 470 7500 1.5E-6 0 106 Neodymium magnet - BIMT - NS0UH. Data provided by MagWeb and
[ BIMT | NS2UH Magnet 8.7 470 7500 1.5E6 [1] 106 Neodymium magnet - BJIMT - NS2UH. Data provided by MagWweb and
[ Bunting | N33SH Magnet 8.7 470 7500 1.5E6 0 71 Neodymium magnet - Bunting - N335H. Data provided by MagWeb and
[ |Bunting | N33UH Magnet 8.7 470 7500 1.5E-6 0 52 Neodymium magnet - Bunting - N33UH. Data provided by Magweb and
[ Bunting | N35H Magnet 87 470 7500 1.5E6 0 75 Neodymium magnet - Bunting - N35H. Data provided by Mag\Web and
[ |Bunting | NSO Magnet 8.7 470 7500 1.5E-6 0 141 Neodymium magnet - Bunting - NS0. Data provided by Magweb and
[ | paido Electronics | ND-31HR  Magnet 8.7 470 7600 | 1.35E6 0 52 Neodymium magnet - Daido Electronics - ND-31HR. Data provided by
[J | paido Electronics | ND-31SHR =~ Magnet 8.7 470 7700  1.35E-6 0 47 Neodymium magnet - Daido Electronics - ND-31SHR. Data provided by
[ | Daido Electronics | ND-35HR | Magnet 8.7 470 7600 | 1.35E6 0 52 Neodymium magnet - Daido Electronics - ND-35HR. Data provided by
O Da\dnE\amnmcs\ ..N.D.:BHDR Magnet 8.7 470 7600 | 1.35E-6 0 77 Neodymium magnet - Daido Electronics - ND-39R. Data provided by v
< >
Found 637 materials Import Selected Cancel

33 Motor-CAD v15.0.5.2 (No File)* - O X
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
© Geometry | []Winding (| Input Data HJ.H Caloulation | @ E-Magnetics Output Data | [ Graphs | £ Senstiviy | € Scrpting |
gy Materials | €Y Settings |48 Material database }
Salds |
Properties of Solids
Solids Database Physical| Steel BH| Steel Losses | Magnets | Bectical
|C:Workspace\Motor-CADE4\Main'Main'Ouput \Motor-CAD Mognet Data | Magnet BH Data
Select Database Create Database TR
o Demagnetisation BH data for JL Mag Rare-Earth | N3DEHT
Pemanently add, remove and edit solids: Paste Dota Points from Clpboard .
Add Delete Rename 0s
Delete Selected Data Paints 0.6 @ 20°C Data
Copy Import Export : @ 40°C Data
Delete Al Data Points 0-% [~ 50°C Data
Materials Fiter: 0.2 [¥ @ 60°C Data
(O All materials lagnst materials , Temperature H B ~ 0 @ 70°C Data
O Steel materials (O Mateials used in mode! Ei [ @ 80°C Data
Material Name: ~ = e 06 [~ 50°C Data
20 ~2567000 — 08 ¥ @ 100°C Data
JL Mag Rare-Earth | N30EH |20 | 2565530 | TE 4 a [~ 110°C Data
JL Mag Rare-Earth | N30EHT |20 | -2564560 | E a2 [ 120°C Data
JL Mag Rare-Earth | N30SHT 2 -2563750 o g @ 130°C Data
JL Mag Rare-Earth | N30UH 20 -2562720 1.6 [ @ 140°C Data
Magnequench Neo 20 2561650 | -2.72385 -1.8 I 150°C Data
Magnst SmCo 20 2560580 | 267254 2 [ @ 160°C Data
MQP-10-8.5HD-20180 2 -2559510 | -2.63007 2.2 [~ @ 170°C Data
MQP-11-8-20222 20 -2558440 -2.55417 -2.4 ¥ & 180°C Data
MQP-12-8HD-20175 20 2557370 256338 -2.6 [ 190°C Data
- -2.8 o v @ 200°C Data
MQP-139-20063 20 -2556300 | -2.53664 >
-3 -} [T == 20°C Nen-linear Model
MQP-129HD 20178 20 -2555230 | 251317
‘ 3.2 [7-- 40°C Non-linear Madel
MQP-14-12:20000 2 280 | 249957 [~-- 50°C Non-linear Madel
- 20 2553100 | 24738 -2,000,000 0 -
MQP-157-20065 1000, . linear
T 0 i Z 4 - H [amps/m] r 60°C Non-linear Model =
MaP-B+10118 Mgnet Paramet
lagnet Parameters
NQP-B+-20058 g Calcuiated parameters
MQP-B-20172 Speciy reference temperaturs:  [] BriTref): 1.1
B2 Calculate Magnet Parameters
L"?:Aa 20173 Reference Temperature Tref: 20 o [01173
N3DEH Minimum Valid Temperature: | 20 HeJ(Tref): | 2.567E6
200 03987
El_ Undate Database Valugs | | M Vaiid Temperature ]
N30UH_QA7E i Squareness Factor: [0.0001 e [1027
N30UH GATT hd
24 November 2021  www.motor-design.com
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Granta Material Database (2/2)

| Alloy_powder_core.gdb

| AlNiCo_magnet.gdb | Cobalt_steel.gdb

| Bonded_molded_magnet.gdb | Electrical_steel_grain_oriented.gdb
_| Ferrite_ceramic_magnet.gdb | Electrical_steel_non_grain_oriented.gdb
i Ferrite_core.qdb
| Mecdymium_magnet.gdb 3 -coreg
- | Iron_powder_core_plus_SMC.gdb
| Mecdymium_magnet_IL_Mag.gdhb
. | Metglas_and_nanccrystalline.gdb
£ Import Materia Database - o X | Samariumn_cobalt_rmagnet.gdb )
Material Type | Themal | Spectic Heat | Density| Resistivity| Temp. Coef | Lamination|  Kn K K Keddy Kexc Kexc Apha Apha D | Mickel_steel.gdb
Conductivity of Resistivity | Thickness. (Bertotti Classical)| (Bertotti Maxwell) (Bertotti Classical)| (Bertotti Maxwell) | (Stei (Bertotti Classical) | (Be
[ | nits W/m/C | kikg/C | kg/m* | Ohmm
[ AK Steel | M-19, 14mi, B-H Steel 73 460 7650 6E7 0 0.3556 | 0.0098487 168 0.012140506  3.516  0.0034902617 | 0.0010193048 3.8936101  (0.21083338 1 Motor-CAD ¥15.0.52 (Ne File)* - o x
[ AKSteel | M-19, 14mi, B-H | Steel 73 460 7650 | 667 i 0.3556 | 0.0103687 1E8 0.012000216  3.493 | 0.0034002668 | 0.0010203131  3.7933899  3.771283 File Edit Model MotorType Options Defauts Editors View Results Tools Licence Print Help
[ AK Steel | M-19, 14mi, B-H Steel 73 460 7650  6E7 0 0.3556 | 0.0100833 1E8 0012127253  3.500 | 0.0034902668 | 0.0010199599 3.8895978  3.8417903 © Geometry | [JWndng [Finput Data ||l Calcuiaion | @ EMagnetics | 5] Output Data | ¢ Graphs | 53 Sensivy | € Serotng |
[ AKSteel | M-19, 10mi, B-H | Steel 73 460 7650 667 i 04699 | 0.0320809  0.020013565 0.02443524  2.367 | 0.0017157506 i 15760826 3.177904 a Matericls | € Settings |8 Materal datebase |
[ AKSteel | M-19, 10mi, B-H | Steel 73 460 7650 | 667 i 0.4690 | 0.0337740  0.019885078 | 0.024435392 | 2.275| 0.0017195002 i 1.6688383  3.1888003 Soids |
[ Ak stzel | M-19, 19ml, BH | Stzel 73 460 7650 | 6E7 i 04699 | 0.0323765  0.020064888 | 0.024435347 2.324 | (0.0017140229 0 16107308 3.1794652 Properties of Solids
[ AK Steel | M-22, 19mi Steel 73 460 7650 | 4.03E7 i 0.4690 | 0.0128121 0.0024926571 | 0.01161455  1E5 | 0.00288052 | 0.0010523205  1.3541464  4.1303122 Solids Database: Physical | Steel BH | Steel Losses| Magnets| Hlectrcal |
[ Ak steel | M-36, 14mi Steel 73 450 7650 4367 0 0.3556 | 0.0212281  (0.013766035 0.031382519  3.615 | 0.0023091603 0 14307888 4.5146129 [C:Workspace\Motor CADG4\Main\Man\Output\Motor CAD| |~ A a new data paint: B H | vo 8] Incromental u va 8]
[ AKSteel | M-36, 14ml, B-H | Steel 73 460 7650 4387 i 0.3556 | 0.0198638  0.014281608 | 0.031382540  3.686  0.0022694842 i 14372749 4.4805521 Seloct Database Croate Database Add Data Point Yo Seale
[ AK Steel | M-36, 19mi Steel 73 460 7650 | 5.09E7 i 0.4690 | 0.0240054 0.0065738012 | 0.025180041 | 5.268 0.003195388 | 0.00061988043 2.3152706  4.0001708 emererty o0 remove et ok Pemansrily delte the selected pairts O Logathmic @ Linear
[ AK stzel | M-36, 19ml, BH | Stzel 73 460 7650 | 5.99E7 i 04699 | 0.0243770 0.0065907569 | 0.025206367 5.270 | (0.0031925785 | 0.00061944705 2.2909577  4.0002275 . i
Add Delete . Delete Data Points Flus: Density vs Magnetic Field for Cogent Power | M290-504, B-H at 50Hz
[ Arcelor Mittal | M195-354, Steel 73 460 7650 5567 i 035 | 0.0139076 0.0030323361 | (0.019936561 3.375 | 0.0022834765 | 0.00039421041 1.9046715 5
O Arcelor Mittal | M195-354, Steel 73 460 7650 5567 0 035 | 0.0135677 0.0030883219 | 0.019911512  3.416 0.0022778382 | 0.00039480982 1.5023014 4.690521 @ e B Paste BH data from clpboard: 3.2
[ Amold | Amon 5 Steel 73 460 7500 4.8E7 0 0.127 | 0.0288929  0.024310678 0.020431521  1.962  0.00025687621 | 9.2125511E5  1.6390069  1.7632324 Materials Fit Inset Data Points 3
erias Fker
[ Amold | Amon 7 Steel 73 460 7500 4.8E7 i 0.1778 | 0.0291107 0.0051178058 | 0.025811163 1.002 | 0.001608662 | 0.00048457757 1.4689412 5 O Al matenisls O Magnet materials 3 m ’ ve
[ Baosteel | BSOAH300 Steel 73 460 7700 | 4.567 0 0.5 0.0205017  0.0069671065 0.024458437 | 6.683 0.0026750442 | 0.00022346182 1.8363704 2.2064503 @® Steel materials O Waterials used in model B
[ Baosteel | BSOAH470 Steel 73 460 7750 4567 i 05  0.0243873  0.013323194 | 0.021072283 6781 (0.0024504078 | 0.00040172866 1.8017857  2.2454821 Material Name ~ = LT 2.6
0 0
[ Baosteel | BSDAHS00 Steel 73 460 7750 | 4567 i 05 0.0253000 0.010197435 | 0.017022005 1E5 | 0.0036670065 | 0.0016648267 17474258  2.2408575 = 24 -
[ Baosteel | B6SA470 stael 7 460 7650 | 44E7 0 065 | 0.0294360 0.0088383534 | 0018733631  1E5 | 0.0038205625 | 0.00064272483 1.534908%  2.3662141 feamerient Hoorn 3, o 0208, 2300 e ao 2 ]
Fostee e A g - - : acll s g : : Cogent Power | M290-50A, B.H at 501z | oo | w | 22
[ Baosteel | B6SA700 Steel 73 460 7750 | 387 i 065 | 0.0418341  0.017626866 002735238  1E5 | 0.0039310194 i 1.6514306  2.4056578 [P — 00414678 2
[ Baosteel | BESABDD Steel 73 460 7800 2.9E7 i 0.65 | 0.0542220 0.026017648 | 0.037277903  1ES | 0.0042497737 i 15720142 2.0944873 JFE_10JNEX300 0.1 22 2
[ china Steel | 35C5440, B-H Steel 73 460 7700 3.967 0 035 | 0.0262014  0.015847431 0.021155806  3.656  0.001736701 | 0.00040631808 1.6652162  2.2229116 M1000-65A L2 29 — d
M1000-65A QA33 ZpoledBsdh test LE} 503 IS Ve
[ China Steel | 355550 Steel 73 460 7750 | 387 i 035 | 0.0383044  0.025027433 | (0.028543076  3.056 | 0.0019303322 | 0.00045840698 1.6112524  1.8989656 v L 0A33.. ! — =
< > M18 24 Gauge Steel 04 571 E 15
M19 24 Gauge Steel QAT1_81s84p 05 635 o
Found 170 materials Import Selected Cancel M19 24 Gauge Steel_QA1Z_exlsegments 06 74 1.4
M18 24 Gauge Steel QA9 54sBov1 07 799 s :
119 26 Gauge Steel 08 835 R
M19 26 Gauge Steel QA21_RegalBeloit12-10 std 10 05 103 1l
M19 26 Gauge Steel QAZ2_RegalBeloit12-10 std 10 1 1AE] o
M19 26 Gauge Steel_QAS_3s6ov1 11 144 0.8 :
M19 29 Gauge Steel 12 184 o lb
M19 29 Gauge Steel QATE outer36s3zn 13 27 "
M19 29 Gauge Steel QA45_evl_jem B Cove. P 0.4 fe
M235-35A [ Ensble o
M250-35A 0.2 :
M250-35A_QA10_60s54p "
B0 ST AT oc Blgneic 0 200,000 400,000 600,000 800,000
M250-35A_QA17 Prius_2004 erapolate H [Amps/m]
M250-35A QA6 Swnc Haimin ©
24 November 2021  www motor-design.com
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Usability (UX)

Ansys



New tapered tooth SRM geometry

# Motor-CAD v14.1.4.2 (No File)* ----- DEBUG -----

* New taper angle of stator pole option Ble Bt Modd Motorfpe Opfons Defaul Edfors View Redls Tooks Lience Diint Lidp

OGeomeiry IDWinding l Dﬁ Input Data l “” Calculation I Pt Drive l @ E-Magretics | 2= Output Data l gGraphs Ec Sensttivity l ° Seripting l
(O Radal | Adal w030 |

Slot Type: | Tapered Tooth ~ | Pole Space: | Mot Filled ~
Stator Ducts: | None ~ | Rotor Ducts: | None ~
Stator Parameters Value Rotor Parameters WValue
Stator Poles 6 Pale Number 4
Stator Pole Angle 30 Rotor Pole Angle 0
Stator Lam Dia 130 Rotor Slet Depth 10
Stator Bore 80 Pole Taper Angle 0
Stator Pole Depth 15 Rotor Slet Fillet Radius o
Stator Pole Taper Angle! -10 Airgap 1
Stator Pole Radius 2 Banding Thickness 0
Sleeve Thickness 0 Shaft Dia 25
Shaft Hole Diameter o

Geometry Parameterisation:
(® Dimensions Ratios

Redraw

14 January 2021 www motor-design.com

\nsys
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Rounding of duct corners

Important for Emag and mechanical calculations

Rectangular ducts

Arc ducts

Separate rounding parameter for each duct layer

Stator, housing and rotor ducts

¥ Motor-CAD v14.1.4.2 (No File)* -~ DEBUG -----

File Edit Model
O Geometry }Dwming | B4 input Data | i Calcuation |  Temperatures

Motor Type

Options  Defaults

© FRadal | F axal | w030 |

Editors

View  Results

2% Motor-CAD v14.21.1.2 (No File)* -
File Edit Model Meotor Type

Optiens

DEBUG -----
Defaults

Editors

View Results Tools Licence

Print Help

© Geometry |[]Winding | [ input Data | {ift Caleuiation | § Temperatures
O Radial | T adial |30 |

Z| Qutput Data | 52 Sensitvity | () Scrpting |

Housing: | Awial Fins{Servo) | Mounting: | Flange ~
Slot Type: Parallel Tooth ~ | Rotor Type: |Suface Paralel
Stator Ducts:| None ~ | Rotor Ducts: | Rectangular Ducts ~
Stator Parameters Value Rotor Parameters Value
Slot Number 18 Pole Number 4
Housing Dia 140 ||Magret Trickness 4
Stator Lam Dia 130 || Magret Reduction 0
Stator Bore 80 [ Magret Arc [ED] 140
Tooth Width 7 || Magret Segments 1
Slt Depth 18 [ Argap 1
Slot Comer Radius 0 Banding Thickness 0
Tooth Tip Depth 1 Shaft Dia 25
Slct Opening 3 || Shaft Hole Diameter 0
Tooth Tip Angle 30 | Rotor Duct Layers 2
Sleeve Thickness 0 ||L1RDuct Rad Dia 2
Fin Extension 10 /L1 RDuct Chanrel 4
Fin Thickness 2 L1 RDuct Height 3
Fin Pitch/Thick 5 L1 RDuct Width 10
Fin Pitch [Calc] 10 L1 RDuct Comer Rad 15
Comer Cutout [%2] 40 ||L1 RDuct Angle a5
Comer Cutout Add 0 |/L2RDuct Rad Dia 55
12
- 0 X 5
4

Teols

Output Data | £ Senstivity | € Scripting |

Licence Print Help

. 8

Geometry Parameterisation
(®) Dimensions () Ratios

Check

Length (12.63,30.33)

Redraw

)
()

Draw plate
P
Draw Cooling

mm  13January 2021 www motordesign.com

Housing: | Awial Fins(Serve) | Mounting: | Flange v
Slot Type Parallel Tooth ~ | Rotor Type:  Surface Parallel
Stator Ducts: | None ~ | Rotor Ducts: | Arc Ducts ~
Stator Parameters Value Rotor Parameters Value
Slat Number 18 Pale Number 4
Housing Dia 140 Magnet Thickness 4
Stator Lam Dia 130 Magnet Reduction 0
Stator Bore 80 Magnet Arc [ED] 140
Tooth Width 7 Magnet Segments 1
Slot Depth 18 Airgap 1
Slot Comer Radius 0 Banding Thickness 0
Tooth Tip Depth 1 Shaft Dia 25
Slat Opening 3 Shaft Hole Diameter 0
Tooth Tip Angle a0 Rotor Duct Layers 2
Sleeve Thickness 0 L1 RDuct Inner Dia 30
Fin Extension 10 L1 RDuct Depth 4
Fin Thickness 2 L1 RDuct Comer Rad 2
Fin Pitch/Thick 5 L1 RDuct Web Width 1
Fin Pitch [Calc] 10 L1 RDuct Channel 4
Comer Cutout [%] a0 L1 RDuct Angle 0
Comer Cutout Add 0 L2 RDuct Inner Dia 50
Plate Height 350 | L2 RDuct Depth 5
Plate Width 350 L2 RDuct Comer Rad 15
L2 RDuct Web Width 1
L2 RDuct Channel 12
R gk 45| Geometry Parametssisation [ Draw plats
® Dimensions. () Ratcs Check Redraw Draw Coing
Length (6.20,34.83) mm 17 February 2021 www.moctor-design.com
©2022 ANSYS, Inc. / Confidential
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Calibrated of Induction Machine equivalent circuit parameters

 Calibration of equivalent circuit multipliers from test data.

- No-load test -> Lm and Rfe as functions of magnetizing current and Back EMF. Used for calibrating
lookup data.

- Load test -> L1, L2 and R2 as functions of speed.

%8 Motor-CAD v14,2.0,10 (No File)* ----- DEBUG ----- % Motor-CAD v14.2.0.10 (No File)* -—-- DEBUG -——- - m] x
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
2 = RA
O Geometry ] [ Winding [ Input Data “m Calculation ] @ E Magnetics Output Data ] |24 Graphs I 54 Senstivity 1 © Scripting © Geomety | [Windng [ input Data Hm Caleulaion | @ EMagnetics | 32/ Output Data | 1% Granns | 3 Senstiviy | © Serpting |
Material Setti 4 Waterial datab,
& Materials ﬁ Settings IA Material database ] &- enas ]o == I ] me:a Dese ]l ] 1 ’ ] — I
= Z . @ Geometry | @ E-Magnetics Calculation | £ Graphs | # Losses Preferences Notes [y Calibration
Geumeiry @» E-Magnetics “m Calculation ] £ Graphs ] M Losses ],Preferences ] 2 Notes ] E Calibration 1
ics setings. No Load Test } Load Tesl]
Magneti : Operating poirt: Magnetizing Inductance | Core Loss Resistance |
Cores: Manufacturing Factors: End Winding Inductance Calculation: Frequency:
Rotor Iron: y N (®) Rosa and Grover (default) Test Data 1 Calibration Fanmr}
= . . Amature EWdg length muttiplier: - : Max Voltage (Peak) Magnetizing Inductance (Lm)
(@) Laminated (default) () Hanselman Magnetizing Current | Magnetizing Inductance
O Selid EWdg Inductance mutiplier: |1 = Max Voltage (RMS): o mH ¥ — Motor-CAD Data  |& — Calibrated Data [¥ — User Data
(O Non Magnetic Equivalent Circuit Inductance Multipliers: End Ring Incuctance Calculation: 0 120 [# — Calibration Factors
. (®) Richter (default) 05 142
Definition = i Calculate Motor-CAD Data '
Lamination Stacking Factor [Rotar]: - -
mination Stacking Factor [Rotor] O Constant value {defaul) O Linschitz-Garick 1 146 0.985
Stator Iron: @) Calibrated Use calibrated lookup data 15 148 0.93
(®) Laminated {default) = Equivalent Circuit Skewing Effect Method: 2 146 0.975
(O Solid 1 (®) Fichter (defautt) 0.97
() Non Magretic ; ) Veinott T E::S g
o 5 96 o
Lamination Stacking Factor [Stator]: 1 il 0.855 i
H 095 F
Stacking factor calculation g 0.945 3,
- — E
() lgnore Stacking Factor Go to Calibration Tab E 0.84 4
() Stacking Factor {axial length) 0.935 7
(®) Stacking Factor (saturation){default) Length Adjustment Factors: 0.93
0.925
Stator saturation muttiplier: Paste Data Clear Al Data 0.92
: il 0.915
Rotor safuration mitiplier Add Data Point Delete Data Point
Magnetic axial length muttiplier: 1
Calibrate Magnetizing current {rms) [4]

Y \NSs



Magnet Data Fitting

New functionality to use demagnetisation curves:

e Similar functionality to iron losses, each point
needs a temperature, B value and H value

* Calculate magnet parameters from the data
to use in Motor-CAD model:

- Br(Tref)
- HcJ(Tref)
- a
- Squareness factor Magnet Parameters:
Calculated parameters:
. . Specify reference temperature; [ Br{Tref):
°
Ca ns peC|fy I’efe re r'] ce te I’Tl1 pe ratu re tO INCrease Calculate Magnet Parameters Reference Temperature Tref o
accuracy for most 'useful' magnet temperature Vi Valid Tempersture ety
Update Database Values Maximum Valid Temperature: B:
Squareness Factor: | 0.0002733 T

Y \NnSyYS



DXF Import Interface

* Interface showing imported dxf
e Easier to check imported dxf geometry

% DXF Import - O b4
O Import 1

DXF File Selection:

File: |C:-.Workspace \Motor-CADE4\Main \Main‘\Output\Maotor-CAD Data'test.c| | Select File Display Clear DXF Impart Close

DXF Dimensions:

Width:
Height:

Context Selection:

Magnetic {nat used)
[ Mechanical  inot used)

Thema {empty)

Position (-36.48.65.22) mm

£ DXF Import

0 Import l
DXF File Selection:
File: |C:"-.‘.'\.l'orkspace'-.MDtor-CADEd'-Main'-.Main'-.Output'-.Motor—CAD Data‘test.c| |Select File

DXF Dimensions:

Viidth:
Height:

Context Selection:

Magnetic {not used)
[Mechanical  inet used)

Therma (empty)

Position

Dizplay

(24.10,36.48)

Clear DXF Impart

mm

Close

\nsys



Multiphase Winding improvement

* New option to specify the multiphase offset between phasegroups

#78 ANSYS Motor-CAD v14.1.6.2 (No File)* ----- DEBUG ----- - ] X £ ANSYS Motor-CAD v14.1.6.2 (No File)* ----- DEBUG ----- - [m] x
File Edit Model Motor Type Options Defaults Editors Yiew Results Tools Licence Print Help File Edit Model Motor Type Options Defaults Edjtors  View Results Tools Licence Print Help
@ Geometry [ ] Winding ]Dﬂ Input Data I {ilt Calculation ] Zr E-Magnetics | == Output Data IgGraphs ]{}Forces IECSensnivny 1 & Scripting 1 (D Geomety [ ] Winding Inﬁlnpm Data 1 N Calculation | & E-Magnetics | 22| Output Data ]EGraphs IQ Forces WEG Sensttivity Io Scripting I
[Jrattem |[J Deintion | [Jrattem | [ psintion |
Design A Design
Winding Type i Winding Type: :
@ Lap Phases El E— , @ Lap Phases: EI E—
(O Concertric Tums (O Concentric Tums
O Custom Throw From P O Custom Throw From P
Phase Distribution: Phase Distribution:
O Independent Parallel Paths = Phase 1 O Independent Farallel Paths: == Fhase 1
® Nx 3phase Winding Layers = Phase 2 (®) Nx 3phase Winding Layers: = Phase 2
Path Type 20 = Phase 3 Path Type === Phase 3
O Central Mutiplex Dffset-[2 — Phase 4 O Central Mutiplex Cffset —Fhase 4
(@] v (@) "’
> Upper/Lower Phase 5 > Upper/Lower Phase 5
(@) Left/Right (®) Left/Right
Phase 6 Phase 6

&3 Radial Pattem IMUnear Pattem } F‘hasors} MMF ] Harmomcs} Factorsl &3 Radial Pattem MTUUnear Pattem  Phasors 1 MMF } Harmonlcs] Facwrs}

AlPhases | ph1 | Ph2 | Ph3 | Pnd | Ph5 | Ph6 | 1‘m2‘m3‘m4‘m5‘ms‘ .
Slot Total ‘Phase1‘Phase2‘Phase3‘Phase4A Arole [EDea] T e 1
15 100 50 0 MMF [Amp Tums] 33306 383.06 38306 383.06 38306 383.06
16 100 0 0 50 0
17 | oo 0 50 0 0
1| 1w 50 0 0 0
19 100 0 50 0 50
20 | 100 50 0 0 0
21 | o0 0 0 50 50
|22 | 100 0 50 0 0
23 100 0 0 50 0
L 0 50 0 50
v
<€ >

Length (65.14,-21,89) mm 5mars 2021 www motor-design com

Length (-5159.54,72) mm Smars 2021 www motor-design.com
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Concentric winding improvement

* Improved Concentric winding options
 Added winding when have non integer number of coils per pole

* e.g. For 36 slots 4 poles have average of 1.5 coils per pole

45 ANSYS Motor-CAD v14,1,6.2 (100L_4_3KW_IE3_Optimal_sensitivity_v4.mot)* ----- DEBUG ----- - o X £ ANSYS Motor-CAD v14,1.6.2 (100L_4_3kW_IE3_Optimal_sensitivity_v&.mot]* ----- DEBUG ----- - O
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help File Edit Model MotorType QOptions Defaults Editors View Results Tools Licence Print Help
@ Geomenry [Winding |0 input Date | #f} Calouistion | @ E-Magnetics | 22 Output Dt | 122 Graphs | 52 Senstivey | €3 Serpting | O Geomery [Windng |04 input Data | $hf Calcuiation | @ EMagneties | 52| Output Data | 2% Graphs | 52 Senstiviy | € Serting |
[Jeatem | [ oefintion | [Jeatem | Defintion |
Desion Design

Winding Type: e Winding Type
Ol Phases — Otan Phases: [3

(® Concertric Tums: |23

(O Custom Pale Thraw:

Custom Pole Thiow
Phase Dito i Paralle Faths — Phase 1 P ™ Facl Pat [
x3ph Viinding Layers — Phase 2 x 3ph Viinding Layers: [1 — Phase 2
Path Type: % — Phase 3 Path Type: : — Phase 3
) Central ) Central
) Upper/Lowe ) Upper/Lower
) Left/Right O Left/Right
@) Radal Pattem | [ Linear Pattem | Phasors| MMF | Hamonics | Factors| € Radal Fatem | 1 Linear Fattem | Phasors| MMF | Hamorics| Factors|
Al Phases PR | Ph2 | Pha | HPhasss | ph1 | Ph2 | Pr3 |
Cot [ Path| Go | et | Theow [ Tuers] Slot Total |Phase1‘Phase2|th3‘
| sot | st | [ 15 n 0 n 0
1 0 1 ERE 16 E) 0 ) 0
2 | 1 3 2 7 | = 17 b2} 0 2 0
3 1 n 18 7 23 18 23 ) 0 0
4|1 = | 8| 3 = 19 2 b2} 0 0
R AERERE: 20 F) 2 0 0
EERERE ) 21 2 0 0 2
2 ) 0 0 )
P2) F) 0 0 F)
24 s 0 23 0
P5; 2 0 o) 0
Smars 2021 www motor design.com Length (-89,84.57.23) Smars 2021 www motor- -design com




Improved custom conductor placement

* Improved interface for specifying e o s
each conductor locations in slot. e R s e B

Tools Licence Print  Help
OGeDmetry D‘Ninding mﬁ Input Data ] 'NH' Calculation ] F Temperatures | 2= Output Data Eﬂ Sensitivity I O Scripting } x Flow
D Definition Positions l

* Im olo] rtant fo r d esi gns w h ere AC O Aserr e © virtoores gt

(®) Custom Side by Side
- d - I . - f. Left Columns Right Columns
winding losses are signiticant. |
Top Left Conductor Position: Top Right Conductor Position:
D = 2747 =
Fine Postion Left Side Right Side
Up Up
Step Distance -D.1

Left | Down| Right Left | Down| Right

Position
Posttioning Type

Group

Individual

Flacement

Copy positions from left to right

x value | y value | ~

4 0.000 | 7701
5 0.000 | 74181
6 0.000 | ¥1.341

w

Redraw

Length (-3.45.86.91) mm 3 December 2021 www motor-design.com
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Load / save winding pattern

 New option to load or save a winding pattern from a file

e Also enabled for ActiveX

Q‘" ChWorkspace\Motor-CAD_suppoert\Cadfern\36s_4p_winding.txt - Motepad++

File Edit Search View Encoding Language Settings Tools Macro  Run Window 7
o = QQL‘E] EJ B ax | EHE = ,Jm@,' [e]
= ]Ei-— fo_intemal bt ]Ei- Jass_z:p_windmgtxt_il

1 [Header]
2 Notes=Winding pattern file used to a load custom winding pattern intoc a Motor-CAD model.
3 Program Name=Motor-CAD

4 Program_Version=14.1.4.1

é:& i 5 User=Dougie.Hawkins
New Ctrl+N Model Fil Users\dougie.hawkins\Downloads\100L 4_3kW_IE3 Optimal sensitivity vd.mot
| File Open... Ctrl+0 7 File Date=05/03/2021 10:58:5%
B Partial_file=True
OG Save Ctrl+S | .
L1r Save As... 10 [Calc_Options]
| 11 Motor_Type=IM
[ﬁ Open Template 12
% Save Template 13 [Dimensions] ~
. 14 Slot_Number=3€
;: Load Results > 15
(] 1 [Magnetics]
’; Save Results > 29 17  MagPathType=0
Create Report 30 18 ParallelPaths=1
1 15  MagWindingOffset=24
Load Winding Pattern | 2 MagPhaseDistribution=0
P Save Winding Pattern 21 MagPhases=3
@ 22 WindingLayers=1l
c Export Results.. » 23
~ 24 [Magnetic_Winding]
C Export Thermal Matrices Ctrl+A 25  Phase 1 Gol[0]=0
Export Force Data 2 Phase_l Go2[0]=10

2 Phase_l_Returnl[0
Geometry Export Crl+E 28 Phase_l_Return2[0]=l

Geometry Import Ctrl+1 C 25 Phase_1_Turns[0 231

-

Phase_1_Gol[l]=0
Properties 31  Phase_l_Go2[1]=%

Fhase 1 Returnl[1]=0

Difference to previous file Ctrl+D -
% 5% Phase 1 Return2[1]=2
M Notes 34 Phase_l_Turns[1]=23
b 2z mhenn 1 cairaion
| | Exit o MNormal text file length: 6873 lines: 242 Ln:29 Col:20 Sel:0|0 Windows (CRLF)  UTF-8




Python scripting interface

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help

° USe r i nte rfa Ce to a | IOW use rS to ru n pyth O n ﬁ AMNSYS Motor-CAD v13.0.3 (SRM.mot)* DEVELOPMENT RELEASE - o X

OGeometry WDW\ndmg mﬁlnpul Data I M}Calcu\aﬁan Z» E-Magnetics | 25/ Output Data WgGraphs ECSensnivny

SC ri ptS . © Python Scipting Y Settings

Python Seript Control
] Run [=] Stop Default Script

* Gives full functionality of Python to user — T
SC ri pts . Python Script File [No File Selected

# need to import win3leom.cliemt to use MotorCAD.AppAutomation
import win3Zcom.client

meZpp = win3Zcom.client.Dispatch("MotorCAD. RApplutomation")

* Examples:

1

2

3

4 |# create Motor-CAD ActiveX connection

5

&

T |# This function is called once at the start of a calculation

H a » a separate window

- Ge nerate n On tem plate geometrles 10 ¥ ng - 21 pepups =.g. prompts to save files, overrrite data sto
11 # Plsase ensure

12 meApp SetVariable ("

13 |#define = function to use later

— Calculate currents during EMag calculations Bl e Fusossan 5o ention ab evosy ssmaation s

16 |def main():

e behaviour you want
geDisplayState™, 2)

17 array_ToothWidths = [1,1.5,2,2.5,3]

— Calculate heat transfer coefficients during ) IR Sy SN

20 meApp. SetVaziable ("Tosth_Width", toothWidth)
21 meApp. DoSteadyStateAnalysis ()
th e rm a I Ca ICS 22 ex, temperature = mcApp.GetVariable ("T_[WINDING_AVERAGE]™, |
23 meApp. showmessage ("Winding temperature = " + stz (temperatuze))
24
25 |# This function is callsd at the sad of a calculation
1 26 |def final():

— Calculate losses in thermal calcs 2 e e s csnions
28 meApp. SetVariable ["MessageDisplayState”, 0}
29
30 # snd of soript

— Automate workflows with Ansys tools
(Maxwell, Discovery, Fluent)

16 November 2021  ww w.motor-design.com
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# Custor Output Editor - O *

Improved custom output

Output Editor  Settings

New Custom Output Delete Custom Output

: Evaluate Custom Qutputs

Custom Output Name Output Not: -~
A
Torque ripple 211 Custom Mote
Average Torgue 100.34 Custom Mote
Torgue ripple ratio 021 Custom Mote
v

* User interface to allow users to run python
scripts for custom outputs. }

ression
1 |[#

Output—2

* Very flexible able to get:

ActiveXParamster table

button to add to script

SO W

@

# Get MotorCAD variables

— Calculated values

9 [AvTorqueVW = GetVariable ("AvTorgueVi"™)
10
11 |TorqueRippleMsVw = GetVariable("TorgueRipplel: ]
12
- G ra p h Va I u eS £ ANSYS Motor-CAD v15.1.1 (28_eMobility_IPM.mtt)™ - m] x
File Edit Model MotorType Options Defoults Editors View Results Teols Licence Print Help AvTorqueVil
. . @ Geometry | [dWinding | (¥ input Data | 1} Caloulation | @ E-Magnetios 52 Output Deta |24 Graphs | 53 Sensiiviy | ) Scrpting |
—_— T h e rm a I CI rC u It Va I u eS N\, Drive @ E-Magnetics }4& Phasor Diagram | ‘g4] Equivalet Ciout | 33 Flux Densties | #k Losses | []Windng | Ak Mscelaneous | 48 Materials | i Custom |
Varizble ‘ Value ‘ Units ~ Variable Value | Units
Maximum torque possble (D@) 12022 Nm Flux Linkage D (Q axis cument) 63654 mVs
(For Phase Advance of 25.98 EDeg)
- F EA reS u It Va I u eS Average torque {virtual work) 10084 Nm Flux Linkage @ (Q ads curent) 708521 mvs
Average torque foop foraue) 10002 Nm Flux linkage D (On load) 628909 miis
Torque Ripple (MsViw) 21.097 Nm Flu linkage @ (On load) 704421 mvis
Torque Ripple (MsViw) [%] 20954 % =
Speed limit for constant torque: 5320.8 pm Torque Constant (Kt 0.377084 Nm/A
(For Phase Advance of 0 EDeg)
No load speed 8120 o Motor Constart, (Km) 371193 Nm/(Wats"0.5)
Speed i for zero q axis curent INF m Back EMF Constant (Ke) fundamental) 0.441008 Ve/Rad
Hectromagnetic Power 421173 Watts Stall Cument. 272531 Amps
Input Pawer 42917 Watts Stall Torque 102767 Hm
Total Losses fon load) 17396 Waits =
Qutput Power 0177 Watts Cogging Period 75 MDeg
System Efficiency 95.947 % Cogging Frequency 1200 Hz
— Fundamental Frequency 266,667 He
Shat Torque 98.303 Nm Mechanical Frequency 66,6667 He
= Optimum Skewing Angle 7. MDeg
Power Factar [Wavefor] (lagaing) 06723 =
Power Factar Angle [Wavefom] 47751 EDeg Magnetic Symmetry Factor g
{futomatic calouation)
Power Factor [THD)] 06567 Magnetic Axial Length (Slice 1) 150 mm
Power Factor [Phasor] lagging) 066913 Torque ripple 211 Motes: Custom Note
Power Factor Angle [Phasor] 48 EDeg Average Torque 100.84 Notes: Custom Note
Load Angle [Phasor] 48.234 EDeg Torque ripple ratio 021 Nates: Custom Note
Phase Terminal Voktage (ms) [Phasor] 11531 Voks
Retor Incttia 0.028234 kgm?
Shat Inetia 0.00049545 kgm?
Total Inertia 0.028729 kgm?
Torque per rotor volume 50.569 KkNmy/m? v
3 December 2021 www motor-design.com
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SYNC machine Rotor Damper Bars L

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
@ Geometry |[] Amature Windng | [] Field Winding | [ Input Data | }{f Caicuiation | #F Diive. | & E-Magnetics Output Data | [2¢ Graphs | B3 Senstiviy | @) Scripting |
Oradal |Fada w030 |
SoctType:  |[FomWeund | Rotor Type | Salient Pole v
Stator Ducts: | None ~ | Rotor Ducts: [ None -
Siip Rings: | Nene v
. Stator Parameters | Value Rotor Parameters | Value
[ ] N d I I f t d b Sict Number 72| Rotor Siols 3
ew modelling or rotor aamper pars T o
Stator Bore: 520 _| Pole Depth 00
Slot Wickh 11| Pole Tip Width 54
Slot Depth 475 _| Pole Tip Deplh )
Wedge Depth 1| Pole Tip Radius 0
Wiedge Inset 1| Pole Base Radius 0
Wedge Thickness 4| Pole Surface Radius 26
Sleeve Thickness 0 | Pole Suface Offset 10
Airgap [Caloulated] 4
Liner Pole Side 1
Liner Pole Tip 1
Liner Coil Base 1
Rotor Coil Width 25
Rotor Coil Depth 87
# AMNSYS Motor-CAD v15.1.1 (SYNC_Generator_DamperBars_ACLoad.mot)* — [m] x
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
OGeametrv ] Dﬁrrnamre Winding I D Field Winding I Dﬂlnput Data ] NT+ Caleulation ] @ E-Magnetics Output Data IgGranhs 1 E: Senstivity ] o Scripting ] Damper Bars 7
Damper Bar Opening 1
‘\; Drive ] & E-Magnetics I 2+ Phasor Diagram a Equivalent Circut ]m Aux Densities ] !‘( Losses I D‘Mnding ]A Miscellaneous ] A Waterials 1 Damper Bar Degth 1
Damper Bar Pich 200
= . i i [Dapet e 10
Variable Value Units ~ Variable Value Units ~ Bancing Thickness D
Shat Dia 150 | Geometry e
Phase Resistance 1.568 Ohms Field Winding Resistance 0.3035 Ohms | Shat Hole Diameter | 0| @ Dimensions () Rafios
— — 2 December 2021 www motor-design com
D Axis Inductance 108.4 mH Field Winding Inductance 268.1 mH
Q Axis Inductance 140.7 mH Field Winding Reactance 84.24 Ohms
Stator Slot Leakage Inductance 10.12 mH Refered Field Winding Reactance 1085 Ohms il ANSVS Motor-CAD v15.1.1 (SYNC_Generator_DamperBars ACLoad.mot)* - o X
Stator Differential Leakage Inductance 2629 mH e File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
Amature End Winding Inductance 1.704 mH Field Winding Leakage Inductance 1931 mH @ Geometry | [ Amature Winding | [ Field Wincing | {4 input Deta | {1 Calcuiation 127 EMagnetics
{Rosa and Grover) i FEA | FEA Edtor | Sy FEAPans |
Stator Leakage Inductance (Total) 14.45 mH Refered Field Winding Leakage Inductance 2418 mH 5T
. Solve E-Magnetic Model
Magnetizing Inductance (D Axis) 93.53 mH Field Winding Leakage Reactance 60.67 Ohms 2.216
Magnetizing Inductance (Q Axis) 126.3 mH Refered Field Winding Leakage Reactance 75.97 Ohms Shading
O Region 1.994
f— - @® Flux Densty §
N (O Vector Potential
D Axis Reactance 34.05 Ohms Damper Bar Slot Leakage Inductance 0.001459 mH O Curert Densty 7
Q Axis Reactance 442 Ohms Damper Bar Differential Leakage Inductance 0.0004342 mH (O Eddy Curert Densty '
Stator Slot Leakage Reactance 1179 Ohms Damper End Ring Inductance {front) 0.0002482 mH Shadng functien: 1551
Stator Differential Leakage Reactance 0.8259 Ohmg Damper End Ring Inductance {rzar) 0.0002655 mH Shading region:
Armature End Winding Reactance 0.5353 Ohms Damper End Ring Inductance 0.0002589 mH Options: 1.329
FLegend [ Outine:
Stator Leakage Reactance (Total) 454 Ohms Inter-Bar Damper End Ring Inductance front) 2 458E-005 mH
Magnetizing Reactance (D Axis) 2951 Ohms Inter-Bar Damper End Ring Inductance (rear) 2 669E-D05 mH Eﬂu‘:z“ij:s El 1108
fector Length:
Magnetizing Reactance (& Axis) 39.66 Ohms Inter-Bar Damper End Ring Inductance 2 563E-005 mH
Shading Range: 0.886
— — B4 Automatic M
Damper Bar Resistance 0.0004052 Ohms Damper Cage Leakage Inductance {otal) 0.002152 mH Min: [0 Max 2.2 0.665
Damper End Ring Resistance ffront) 1.853E-006 Ohms Damper Cage Leakage Reactance fotal) 0.000676 Ohms Debug
Damper End Ring Resistance frear) 3.705E-006 Ohms Refemed Damper Cage Leakage Inductance 3667 mH Save Load 0.443
N Geometry Options: ~ View
Damper End Ring Resistance 2.779E-006 Ohms Refermed Damper Cage Leakage Reactance fotal). 11.52 Ohms DAPort Lobels | © Resuls
Damper Cage Resistance total) 0.0004372 Ohms — Ovitualbnes O Geometry 0.222
o First Order Transient Reactance (D Axis) 25.79 Ohms L Boundares OMesh
0.000
Rotorto Stator Transform for Impedance 1. 704E004 First Order Transiert Reactance (Q Axis) 442 Ohms o
Refemed Damper Bar Resistance 6.972 Ohms Second Order Transient Reactance (D Axis) 1222 Ohms R R e s 80
Refemed Damper End Ring Resistance 0.04735 Ohmg Second Order Transient Reactance (0 Axis) 1347 Ohms
Refemed Damper Cage Resistance ftotal) 745 Ohms hall| v
RotorAir B=D.012T pR=1 J=0A/mm2 C=0AT Area=3376mm2 3 December 2021 www motor-design.com 3 December 2021 www motordesign com
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Improved AC winding loss calculation

* Now able to make a full FEA AC winding loss calculation using a custom dxf geometry

e Custom stator lamination shape can be used.

% ANSYS Motor-CAD v15.1.2.2 (C\Workspace\Moter-CAD_support\AC_Winding_Custom’eda_EMobility_IPM_User.mot)* ----- DEBUG ----- — [} =
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print  Help
[ ] CO n d u Cto rs Ca n b e p OS It I O n e d I n S I Ot . OGeometry ] D’Ninding ] Dﬂ Input Data ] HH Calcuiation @ E-Magnetics | 22| Output Data ] &Graphs E: Senstivity 1 o Scripting ]
W FEA | FEAEditor | Sy FEA Paths |
: Pilv/kg]
Solve E-Magnetic Model 4235.619
Shading
() Region
(O Total Loss 3812.057
(O) Hysterisis Loss ;
() Eddy Loss (aminated) | 3388.405
(®) Eddy Loss (solid)
('x
Shading function: B T —— 2064.933
Shading region: /
. —
Options: 1 2541.371
Legend [/]Outlines [ ]Mesh xf——______________ J
Equipotential Lines: A w 2117.810
Vector Lengths: EI B ~
Shading Range: 1694.248
Automatic V
Min: 0 Max: 2.2 1270.686
Debug:
Save Load 847.124
Geometry Options: — View:
Poirt Labels (@) Resuts Te—
[ Virtual Lines () Geometry \\Jr 423.562
[ Boundaries (O Mesh .
J 0.000
Open \\
OnlLoadL: It_1. e 7
nLoadlLoss_result_1.mes {J \
T 7
\““ﬁx / !
Length (57.453,-1.739) mm 7 December 2021 www motor-design.com
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New geometry ratios for IM machines

* Expanding on the BPM/SYNCREL ratios
from V14.

« Useful for optimisation and required for
Ansys optiSLang export.

Y \NnSyYS

ﬁ Motor-CAD v13.2.1.2 (No File)* ----- DEBUG -----
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
OGeometry ]D‘.‘\u’inding ] Dﬁ Input Data ] m+ Calculation | @ E-Magnetics | =] Output Data ] &Graphs ] Eﬂ Sensitivity ] ° Scripting ]
O Radal | Bl |00 |
Slet Type: Parallel Tooth ~ | Top Bar: Parallel Tooth ~
Bottom Bar: | None ~
Stator Ducts: | None ~ | Rotor Ducts: | None ~
Stator Parameters Value Rotor Parameters Value
Slot Number 18 Rotor Bars 26
Slot Comer Radius Pole: Number 4
Tooth Tip Depth 1 Bar Tip Angle [T] 20
Tooth Tip Angle 30 Airgap 1
Ratios Scale Value 2
=} Stator Lam Dia (dimension) 130
= Stator Bore 0.6154
I Slot Depth 0.7229
= Tacth Width 0.4916
Slot Opering 0.4115
I~ Sleeve Thickness 0
= Rotor Lam 0.6
~  Banding Thickness 0
= Shaft 0.3205
Shaft Hole 0
= Bar Depth [T] 0.3788
= Bar Opening Depth [T] 0.09146
= Rotor Tooth Width [T] 05973
L Bar Comer Radius [T] 08897 | ¥
Selected Ratio:
Constraints: Dimension: Geometry P cterioati
= p = SOMELrY Farametensation:
i Child (") Dimensions (@) Ratios Check
Length (-9.61.57.73) mm

Redraw
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Endwinding overhang calculation

8 ANSYS Motor-CAD v15.1.1 (No File)* - O X
. . . Eile Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
* New option for automatic calculation of @ty v | s | i | § Tt | st |35t | @5t |
@ Fadiel | B sl |03 |
. .
endwinding overhang e
.
EWdg Cavity: | Not Potted ~ | Feedback: Mot Fitted ~
Cowling: Not Fitted ~ | Shaft Type: Solid ~
* Overhang used for thermal calculations o e Jmenes e o
Radial Dimensions Value | Axial Dimensions Walue |~
. .
based on winding pattern Al
- Housing Add [Inner F] 0 Stator Lam Length 50
prmgRd koaddlll 0 (e P X e
Stator Lam Dia 130 Magnet Segments 1
£ ANSYS Motor-CAD v15.1.1 (No File)* - o X Stator Bore 0 Rotar Lam Length 2
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help Airgap 1 Stator Avial Offset ]
OGeomem' I D’.’Vinding nﬁlnpul Data MHCa\culation I P Temperatures ] Output Data lsc Sensitivity 1 °Scnpﬂng I Banding Thickness o Magnet Axial Offset 0 n
45 Cooing | M Losses | gy Materisls | T nterfaces | 05 Ractistion | I Natursl Convection | & End Space {3t Setings | 48 Materal database | Sleave Thickness 0 Rotor Avial Offset 0 L. . B T 0 5 5 0 6 o 6 5 5 0 5 5 5 6 B 5 6 5 B 8 6 6 5 o
B vodsis |@ Geometry | [ Winding | 45 Cooling | 3 Losses | # Pref | % End Space | £:C | 2 Transient | & Miscel | (5 motes | HomcHitAchces 4 EACITTR L] ! 0
lodels E0m: I'Y Winding e Looling ¥ SSES Erences pace %.« Lonvergence ransies liscellaneous L es ‘AllaﬂEr Numher [H D E‘Alldg OH Mu)t [R] 1 ‘
Geometry editor settings: Wafter Number [R] 0 Wdg Ext [F1 5
Endeap Specication: Fin Input Options: Flow Aows: OpenGL 3D Setings Hhater e Lo LA
(O Endcap - Winding Spacing @ Fin Pitch/Thickness Head width: |8 3D Curve Precision il Dfa 2 Ler e 5
(®) Endcap Thickness (defaull) () Fin Number & Spacing Tail width: 2 [] 8 Shaft Dia [F] 25 Endcap Length [F] 10 ———
s 5 Shaft Dia [R] 5 Endcap Length [R] 10
- . ) -
End Winding Speciication Airgap Defintion ¢ Low High Shaft Hole Diameter 0 Endcap Thickness [F] | 5
() Winding Gaps (@ Gap (defaut)) Min. Length: 20 N .
Virding Ex et O Fotor Diameter - Flange Extension 0 Endcap Thickness [R] 5
®) Winding Expansion Spacing Factor: [0.1 No. Radial Duct 3D Amows = Flange Dia % Shft Extension [F] 2
End Winding Overhang Flow Amows Radial cross section drawing Comer Rounding (Rotor Lamination): Plate Height 350 Shaft Extension [R] 0
O User Specied O Do Mot Scale Statorrctation: [0 | None (defaul Wdg Add [Outer F] 0 Flange Depth 3
(@) Automatic Calculation (defaul) | @) Scale (defautt) Rotor rotation D Single defintion for Wdg Add [Outer R] 0 Plate Thickness 23
Blown Over Flow Amows: c Rounding (M ) Wdg Add [Inner F] 0 Bearing Width [F] 12
(O Do not Show Leakage ””:f’ ﬂ '”i (Megnets} Wdg Add [Inner R] 0 Bearing Width [R] 12
jone (defaul
(®) Show Leakage (defautt) . ) EWdg Insulation [F] 0 Bearing Offset [F] 0
Themsl Graph Colours: Fingle aefnen for EWdg hsddion [R]_| 0 Bearing Offset [R] 0 _
O Individual Minimum Quantities Bearing Dia [F] 5 Stator Plate Thick [F] | 0 Redraw LlOrawplate || Draw bas=
@ Gomponert (efaut) Back ion thickness Bearing Dia [R] 45 | v |[Stator Plate Thick [R] | 0| ¥ Draw Cooiing [] Draw datum
01
; Length (-29.39,106.50) mm 7 December 2021 www motor-design.com
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IM1PH machine added operating points

* Added operating point specifications for:

— Torque / Frequency

and

— Power / Frequency

2 ANSYS Moter-CAD v15.1.1 (Mo File)*

Drive:
Operating Mode:
(® Mator (O Motor / Generator
O Generator O Brake
Operating Point Definition:
(O Speed / Slip Torgue / Frequency

Power / Frequency

peed / Frequency
(O Slip / Frequency

Supply Definition
@® AC Mains (voltage driven)

Voltage Drive

Definition
@ Foak e Votage
(ORMS RMS Voltage:

7 December 2021 www.motor-design.com

File Edit Model MotorType Options Defaults Editors View Resubts Tools Licence
@ Geomery | [ windng | (4 input Date |l Caloutation |t rve | @

> E-Magnetics |
Skew:

Skewhnge: [0 |

Temperatures:

Amalure Winding Temperalure:

Bar Temperature: | 140
End Ring Temperature: | 140

Shaft Temperature:

Print
Output Data | |2% Graphs | B8 Senstivity | € Scrpting |

Help

E-Magnetic <> Thermal Coupling:
E-Magnetic + Themal Coupling:

® No coupling (default)

() E-Magnetic Losses — Themal

(O E-Magnetic — Themal Temperatures

() terate to Converged Solution

Performance Tests:
Analytic:

Torque
Acceleration

Rotor Stresses:
[ Centrfugal Forces

Solve E-Magnetic Model

Cancel Solving

ﬁ ANSYS Motor-CAD w13.1.1 (Mo File)*

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
@ Geometry | []winding | [ input Data | filf Calcuiation | #t Drive | @ E-Magnetics | 22| Output Data 127G
Data |24 Graphs ]

&Summaw IgCurrents LToruue IgLusses WQNrgap Fux Density W&Fuwer IgPowar Factor ILEﬂic\ancy Igﬁcca\aration I

Torque vs 5

||7 @ Onload Airgap Torque [ # Onload Shaft Torque [ - Breakdown Airgap Torque | % Brezkdown Shaft Torque

0 200 400 500 300 1200 1400 1600 1800
Speed [rpm]

2,200

2,400 2,600 2,800
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