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Ansys Motor-CAD 2023 R1 Highlights

LR 1-8-174 -]

Automation and workflows

v" New pymotorCAD automation interface
v" New JSON-RPC communication interface
v Upgraded internal scripting

v" More flexible custom outputs

v" Enhanced automated export to Maxwell

New features for machines types,
hairpin windings and oil cooling

v Improved models for induction machine

electromagnetics

v" Multi-physics optimization for wound field

machines

v" Enhanced winding definition and loss

calculation

New geometries and cooling methods

v

ADZ74

CONSVLETANTS

Mechanical and NVH enhancements

Induction machine NVH

Housing and winding stiffness included in
the mechanical NVH model

Faster NVH analysis and optimization of
noise metrics

Improved mechanical stress analysis for
optimization workflows
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Motor-CAD 2023R1 iR A~ 44

CONSVLETANTS

* Motor-CAD version names now align with —
Ansys release numbers.

~ | Rotor Type: | Surface Parallel

~ | Rotor Ducts: | None

£

£

Stator Parameters Value Rotor Parameters Value
- Slot Number 18 Pole Number 4
¢ P rev I O u S I y : Stator Lam Dia 130 Magnet Thickness 4
Stator Bore 30 Magnet Reduction 0

- 2022R1 Was V15' 1‘ 1 Tooth Width 7 Magnet Arc [ED] 140
Slot Depth 18 Magnet Segments 1
- 2022R2 Was V15'1'7 Slot Comer Radius 0 Airgap 1
Tooth Tip Depth 1 Banding Thickness 0

Slot Opening 3 Shaft Dia 25
F t . Tooth Tip Angle 30 Shaft Hole Diameter 0

u u re * Sleeve Thickness 0

- 2023R1 pre-releases will be v2023.0.x

- 2023R1 release will be v2023.1.1

# AMSYS Motor-CAD v2023.0.1.2 (Mo Filg) ----- WARNING TEST RELEASE ONLY - NOT VALIDATED -----

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
l D‘.“a‘inding ] Dﬁ Input Data ] 'H.H Caleulation | @ E-Magnetics | = Output Data ] &Graphs E: Senstivity ] o Scripting ]
@ Radal | adal |we3D |

Geometry Parameterisation:

(® Dimensions (_) Ratios ChECk

Redraw

26 September 2022 www motor-design.com

- 2023R2 release will be v2023.2.1
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Automation and workflows
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1 pymotorcad AP @/f

# ANSYS Motor-CAD v2023.0.1.3 (No File)™ ----- WARNING TEST RELEASE OMLY - NOT VALIDATED ----- - [m] X [LTANTS

File Edit Model MotorType Opticns Defaults Editors View Results Toels Licence Print  Help
OGeometry WDWind\ng Inﬂlnput Data H‘HCalcu\aﬁon f Temperatures NE_E‘Output Data EC Sensitivity IOScnpting I
aSchememc C) Rad\a\ WEAmaI 1 wal FEA I‘L FEA Editor Hlu' Validation 1

Steady-State

* pymotorcad package used as default option in L

®

Internal scripting. S
* pymotorcad will be available as a pip package .

i

or 2023R1 as part of PyAnsys. .

Housing 866

* JSON-RPC API is now used for Automation calls e o
instead of ActiveX.

g

ay

* ActiveX still supported but pymotorcad very sroe |
much recommended. e | s

* Python can easily connect to local/remote s |
Motor-CAD instances with pymotorcad weraom | s
package.

* Improved/new docstrings, error messages and
debugging.
* New Launch Parameters:

- Port can be specified for RPC server on launch.

- Motor-CAD can run script upon launch from
command line

R EEE A E R A E R A ED R E

Length (7267.81.48) mm 23 September 2022 www motor-design.com

client > [ RPC Test All




P IS A4

* Internal scripting uses new JSON-RPC
interface.

- fixes issue where script would run
commands on wrong Motor-CAD instance.

* Internal scripts can be used for model
setup, model adjustment during run
and post processing of results

e Separate scripts can be run before,
during and after calculations for:

- E-Mag

- Thermal Steady state
- Thermal Transient

- Mechanical Stress

- Mechanical Forces

ADZ74

CONSVLETANTS

ﬁ AMSYS Motor-CAD v15.2,1.2 (Mo Filg) ----- DEBUG ----- — O x
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help
(ole ]Dﬁlnput Data ] HM Calculation ] =M Stress | Z=| Output Data ]{}E—NVH ]Ec Sensitivty &) Scripting l
Seﬂings]
Python Script Contral:
[ Run [=] Stop Default Script
B save = Load
Python Script File |N0 File Selected
41 (# RUN DURING CALCULATIONS —-———————— L
42 |# These will only using "Run During Analysis" selected
43 |# (Scripting -> Settings —-> Run During Analysis)
44
e # If "Run During Anal is" is selected then this scrdipt will be imported.
48 # This means that anything other than setting up the MotorCAD cbject should
47 |# be moved to a function/class to avoid unexpected beshaviour
48
49 |# This class contains functions for steady-state thermal calculations
50 |class thermal steadyl():
51 def initialiself):
52 # Called before calculation
53 self . step = 0
54 printi'Thermal Steady State - Imitial')
25 def main(self)
56 # Called before sach time step in calculation
57 self . step = self.step + 1
58 print('Step: ' + striself.step) + '. Thermal Steady State - Main')
59 def finaliself):
&0 # Called after calculation
61 print ('Thermal Steady State - Final'}
62
€3 |# This class contains functions for trasient thermal calculations
€4 |class thermal transient|():
65 def initialiself):
66 # Called before calculation
67 self . step = 0
68 print('Thermal Transient - Initial"}
&9 def mainiself)
70 # Called bsfors sach times step in calculation
71 self step = self.step + 1
72 print('Step: ' + striself.step) + '. Thermal Transient State - Main')
14 July 2022 www motor-design.com
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Python hl A4S 52 8T DY

CONSVLETANTS

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
OGeometry IDWinding ]Dﬂlnput Data HmCalculaﬁon @ EMagnetics | 2| Output Data ]gGraphs Ec Sensitivity °Scripting l
Python Scripting ] Settings |

* Updated internal Python to 3.9.13. Ptan S Corel

Run [=] Stop Default Script

e Lab Python updated to 3.9.13. e || oo

Python Secript File |ND File Selected

*. Figure1 - o X

AEI PQE=EXDEB

. 1 |# DEMQ SCRIFT ——-——————-
+ Now able't te GUI ~
OW a e o genera e S In ; # Neasd to import MotorCAD Methods to acoed
. . 4  |import HotorCRD Methods - Test Graph
5 imm t lotlib. 1 1
python from the internal scripts. 3 |tmore meupionion pmicn as e 200
T
.

8 |# Connect to Motor-CAD

* E.g. Matplotlib graphs can now be 5 |t Gommect o Motor D oot 175
10

1 1 This fumction is call hen "Run" is
generated by internal scripts. B Jp i peessen 1o cstieden Rt e m 150

13 t = np.arange (0.0, 2.0, 0.01)
14 s =1 + np.sin(2Z*np.pi*t) - 1.25 -
15 plt.plotit, s) =
16 E
17 plt.xlabel|'time {s)') @ 1.00 A
13 plt.ylabel|'voltage (mV) ') %
15 plt.title('Test GFraph') %
20 plt.grid(True) > 0.75 1
21 plt.show()
= 0.50 1
24 |# demce function which sets tooth width an
25 |def demo_funci): 0.25 4
26 array ToothWidths = [1,1.5,2.0] -
27
;-3 # set all messages to display in a sej 0.00
29 ¥ Warning: this v_:- d:’sa)_::le- C._'Eﬂ.:c‘::a_‘ i I ! I I I I I I !
30 f Flsass smsure this is the hehaviong 0.00 025 050 075 100 125 150 175 2.00
31 mchpp. SetVariable ("MessageDisplayStaty .
32 time (s)

20 September 2022 www motor-design.com
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CONSVLETANTS

o x| 1D ANSVS Moter-CAD v15. DesuG - o x

Fie Edn Medd Edton View B

cence Print Help i Wols Ukence Print tap

Daia 53 Sty | € Scving O oty | [Jweang | v tes

* More options for setting sensitivity study R I ——

Sersitrnt

values: : o
- Single points, Linear range, logarithmic range

E Tempranres | 5ot Dun S Soruity | © soving

Sensitiy

%
;A
10558 L *
2% fm_SensitivityControl - m] X £ fm_SensitivityControl - ml X . e s .
Variation Variable Contral Variable Values: Variation Variable Control Variable Values: o h— b
Parameter: Slot Number Initial Value: 18 14 Parameter: Stator Lam Dia Initial Value: 130 112
124 152 ss310 ssm.e 1 w772 L TR e Lz
Linear 5tep | Single Value | Exponential 17 Linear Step  Single Value  Exponential HousingOia (Geometry-2Radi} O b

20 128

14 danuary 2022 et design cam 14 Sy 2022 e mtee-sesign com

132
Final Value: I:l Exponential Base: l:l 1 ANSYS Motor-CAD v15.2.1.2 (No File) -+~ DEBUG ----- - 0o x
’ 136
Number of Values: File Edit Model MotorType Options Defaulis Editers View Resubis Tools Licence Print Help
se[ ] 148 , : S|
Below: l:l Above: l:l @ Geometry | []Winding | 14 nout Dats | 1 Calcuistion | & Temperatures | 22] Output Data IS0 enslivy. | € Scriping |
184 058 Analyss Control | 22/ Resuts | € Graph Setup | [£2Greph |
Varation Values
Analysis Control Extemal Variation Value Data:
Vanation Parameters Set =3 Total Fun Court = 64 Clear Study & Results | Variation Values Fie:  [Na e Selected
Run Parameter Study | |Stop Parmeter Study | [] Save Matrx resuls o ik Load Variation Values Save Variation Values.
Remove Selected Values Clear List fiemove Selected Values Clear List Tabsheet Parameters to View: |Geomely->Radia || Load Variations and Results Save Variations and Resuits
fm_SensitivityControl — [m] ® n —_ Parameter Type Units: Initial Variation Values Number of | Linked Linked Parameter | A
i ity 2% Message Display O X ] | ==L
Variation Variable Control Variable Values: Siot Number 18 14.17.20.23 Edit 4 ™
Housing Dia 140 140, 145 Edit 2 v
— Parameter: Housing Dia Initial Value: 140 140 — 14:33:37 : Mew values added to the list: Linear Step Stator Lam Dia 130 112,124,128, 130, 132,136, 148, 18 Edit 8 ~
= S 14- e X Stator Bore 0 Edit =
Lincar Step | Single Vahie | Exponentil 145 Initial Value: 14; Final Value: 25; Ste!:. 3 ) == 6 = =
14:34:46 : New value added to the list: Single Value, Sot Depth 8 Edt ®
140 Sit Comer Radus 0 Edit &
Value: l:l 14:34:51 : Mew value added to the list: Single Value, [ Tltsin y ] o
145 Slot Opening 3 Edit v
N Togth Tip Angie 0 Et B
14:35:50 : New values added to the list: Linear Step S 0 Edt &
Imitial Value: 14; Final Value: 25; Step: 3 Fin Extension 10 :: ~
- - . - i . = Fin Thicks 2 v
14:36:27 : New values added to the list of variation values: Exponential e s = ~
Centre Value: 130; Exponential Base: 2 Fin Pich [Cac] 0 B 5
No. values below: 3; No. values above: 4 Comer Cutout [1] ) Edt =
Comer Cutout Add 0 Edit ~
Piae Heat 350 Eit =
Plate Width 350 Edit ~
Remove Selected Yalues Clear List Rotor Bars 2% Edt v
Bar Opening (1] 15 Edt b
) Bar Opening Depth [T] 15 Edit &
Cancel Apply List Bar Tip Angle [T] 2 Edi ~
Rotor Tooth Width [T] 4 Edit v
Clear Display Save to File
124anuay 2022 wawmetordesign.com
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CONSVLETANTS

* Python custom outputs have been [scomc B
added to sensitivity study. Oap e sers

MNew Custom Output Delete Selected Outputs Evaluate Custom Outputs Import Custom Outputs Export Selected Outputs
. Custom Output Name Output Notes Enabled
A
* Added option to load default e -
. Shaft Speed 3000 Custom Note
Line C 93.75 C N
python custom output file at et - Qe ,

startup.

e Users can now have their own

custom parameters setup o o o
whenever run they Motor-CAD. £ o cia'e e e

gut; calculat
15 |print (AvTorqueVi)

Open Parameters Table




t

it

e
|

Maxwell & H

Added use of magnet and rotor UDPs export for BPMOR and |

BPM machines with Surface/Inset/Embedded
Radial/Parallel/Breadloaf rotor types

Added use of stator UDP for export of Parallel Tooth/SqBase
slots for BPM, BPMOR, IM, SYNC and SYNCREL machine
types.

Included Stator Pole Taper Angle in UDP export for SRM
machines.

Improved Outlines export; polyline coordinates drawn to
tolerance in Motor-CAD,

Removed inner and outer rotating bands from airgap in
Maxwell export, replacing with single central rotating band.

ADZ74

CONSVLETANTS

l Ansys Electronics Desktop 2023 R1 - test_ANSYSEM_2D - Motor-CAD test - 3D Modeler - SOLVED - [test_ANSYSEM_2D - Motor-CAD test - Modeler] - o x
B File Edit View Project Draw Modeler Maxwell 20 Tools Window Help -8 x
I Select: Object - @ Q b Pan @, Fit Al
L () Select by Name ® B S Rotate | (O],
save Zoom Draw Operations Measure Visibility Snap Materials
[, Paste ® - [ orient ~ B - 5 o o
Desktop  View Draw | Model  Simulation  Results Ansys Minerva N
Project Manager 2 ox
BB Projectza -~ P AnS S
b-EF] test_ansysem_20% 2023 R1
=-H] Motor-CAD test (Transient, X¥)*
& 3D Companents I:I
g Model
| B L Boundsries I:I
A Excitations (\ m
B Ansys Electronics Desktop 2023 R1 - €8_eMobility_IPM_User_ANSYSEM_2D - Motor-CAD e8_eMbility_PM_User - 3D Modeler - SOLVED - [e2_eMobility_IPM_User_..  — u} X
| 7 File Edit View Project Draw Modeler Maxwell 20 Tools Window Help _ & x
: I Select: Object - % @ Q % pan @, Fit an
. () Select by Name ® B ShRotate =~ O
Save Zoom Draw Operations Measure Visibility Snap | Materials
[ Paste X Delete - [ orient - B - - 5 o =
Desktop  View  Draw | Model  Simulstion  Resufis  Automation ys Min @A
Project Manager 2 x
eMobility_IPM_User_ANSYSEM_20% P Ans S
Motor-CAD e8_eMobility_IPM_User (Transie 2023 R1 | ®
ode!
oundaries
N
esi
Analysis /
Optimetri i 1 - o x
[ resuits &
=B tnduced voltage Plots
#4 Inducedvoltage(WG_Ph1 P1)
#+ Inducedvoltage(WG_Ph2_P1)
# InducedVoltage(WG_Ph3_P1) 4 Snap | Materials
5-B Drive Current Plots T T
«#% InputCurrent{WG_Ph1_P1) onN
# InputCurrent(WG_Ph2 P1) Y a ¥
#+ InputCurrent(WG_Ph3_P1) i
 opek a Ans VA
¥4 1q_peak Z M—X i] B 2023 R1
B8 Flux Linkage Plots - 2
-+ Fluxtinkage(WG_Ph1_P1) \- - 1
Y 0 25 50 (mm)
Ready
L Parameter
(-8 Mesh
-4 Analysis
>
Properti 2 ox
{ime =1} 0 2 5%
MNothing is selected 1) Show 7Messages | = Show Progress

\nsys
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Lab and Emag modules now use the
same saturation model. Increased
simplicity for the user, don't have to
build it twice, and can now adjust
the resolution in Lab.

Calculation improvements (rotor
leakage inductance correction).

Rotor bar slot fill factors.

Variable stator leakage inductance in
Lab (calculated at model build time).

Lab fixed parameter calculation

improvements (now calculated using

model build speed, current and user
specified slip).

Power factor, D&Q flux linkages and
Ic)urrents outputted from Single Load
oint.

& ANSYS Motor-CAD v2023.0.1.3 (QAT0_i9.mot)* ----- WARNIMG TEST RELEASE ONLY - NOT VALIDATED -----

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print  Help
OGeometry ]D‘Ninding Dﬁlnput Data IHH Calculation ] @ E-Magnetics ] 2| Output Data ]&Graphs E: Sensitivity
& Materials o Settings IA Material database ]

Geometr).I @ E-Magnetics HmCaIculaﬁon ]#Graphs ]iLosses ]’Preferences ] & Notes ]
Mannetics Sattinos-

#E ANSYS Motor-CAD v2023.0.1.3 (e5_eMobility_IM_150kW.mtt)* ----- WARNING TEST RELE/
File Edit Meodel Motor Type Options Defaults
O Geometry ]D‘Ninding ]Dﬂlnpu{ Data ] Hil} Calculation 1 @ E-Magnetics | Z=| Output Data
My Drive I @ E-Magnetics I a Equivalent Circuit a Single Load Point (FEA) wm Flux Densiti

Manufacturing Factors:

Amature EWdg length multiplier:

EWdg Inductance multiplier: |1

End Winding Inductance Calcu

Editors View Results Tools Li (®) Rosa and Grover (default)

(O Hanselman

End Ring Induct Caleulati
Top Rotor Bar Fill Factor: |1 ng inductance Lacuiatic

Variable

(®) Richter (default)

;F'eak Current (FEA on load)

Core Loss Resistance

Stored Magnetic Enengy (FEA on load)

Stored Magnetic Conergy (FEA on load)

Peak Back EMF Phase Voltage (FEA on load)
Peak Back EMF Line Voltage (FEA on load)
Back EMF Phase Violtage (ms) (FEA on load)
Back EMF Line-Line Voltage {ms) (FEA on load)

D-axis flux linkage (FEA on load)
Q-axis flux inkage (FEA on load)
D-axis stator curent (FEA on load)
D-axis stator curent (FEA on load)

Torque (Vitual work) (FEA on load)
Torque (dq) (FEA on load)

Torque (Power balance) (FEA on load)
Shaft Torgue (FEA on load)

COutput Power (FEA on load)

Lo D i = WP Y

Value Units
- |0.97 (1 ~
‘ ] - Bottom Rotor Bar Fill Factor: O Liwschitz-Garick
4088 Amps Equivalent Circuit Inductance Muttipliers:
- Equivalent Circuit Skewing Efe
7785 Ohms Definition: — )
— . (®) Richter (default)
12.09 Joules (®) Constant value (defautt) -
2113 Joules () Calibrated O Veinott
"
Magnetizing Inductance: _

530.3 Volts d N -
983.3 Volts Py Model Build IﬂHCa\cu\aﬂon ] @ Hectromagnetic I F Themal ]]EDuty Cycle | ZZ| Operating Point |4
1524 Volts M Model Options ]3‘( Loss Model ]
276.8 Volts Saturation Model: Machine Parameters:

Madel Type: Pole Number: D

(®) Analytical
2036 mils © Anaitiesl Siot Number:
91.29 m\s (_) FEA Map (recommended) Winding Connection:

0 Amps Sta ction (default

408.8 Amps Loss Model: Delta Connectio

Model Type:

®
1421 N ® Aralical Fixed Model Parameters:

(C) FEA Map (recommended)
1331 Nm - Phase Resistance (R1): [1.953

() Custom
1143 Hm Rotor Resistance (R2):

Stator Leakage Inductance {L1): -'I 543
1318 Nm Rotor Leakage Inductance (L2): |61.08
897 kW
Rotor Bar Height: |11.5

ol s o [115 |

Power factor (FEA on load)

Rator Bar Conductivity: |2.09E7
0.602

gyaem mlcwency (FEA on load)

The Magnetizing Inductance {including any skewing effects) {MagnetizingInductance Unsaturated}

= = Calculation .
Slip: ({0.01

Recalculate Model Parameters

ADZ74
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MY/ j< — > El » E‘R
y J l \ \ J l:'[\ ‘ \\ ! E ‘L ﬁ ANSYS Motor-CAD v2023.0.1.3 (e5_eMobility_IM_150kW_User_SkewAndlgnore. mot)™ ----- 'WARNING TEST RELEASE ONLY - NOT VALIDATED ----- — [m] X i ' [/—-/-/

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

@ Geometry | [DWinding [ input Data | {1} Calouiation | @ E-Magnetios Output Data | [ Graphs | < Forces | £ Senstivity | ) Seripting |
g Materials Q¥ Settings | 48 Materal database |

@ Geomety | @ EMagnetics f|ffCalculation | 2% Graphs | 3 Losses

* New Single operating point transient electromagnetic Caeaton Otons:

Mesh Cortrol: Single Load Point Calculation Locked Rotor Calculation: Synchronous Core Loss Calculation: — Saturation Model:

calculation with rotation for induction machines. I e ) e

CONSVLETANTS

# Preferences | [ Notes |

Points per cycle: Number of points

Stator Slot mesh length

L]
Rotor Lam meshlength: [0 |
L]
L]

Number of cycles:

2

Number of cycles:

Full motion

Analytic Saturation Solver.

0.15

Number of points:
Shaft mesh length MNumber of points: P

* Adjustable initialisation cycles to speed up convergence.

Min Point Separation.

- Initial cycles run non-rotating analysis, for rapid rotor current

Airgap intemal points:

Initialisation cycles:

Edit Frequency Points

Equivalert Circut Solver:

Max iterations: Inductance Calculation: Rotor bar region type:

Number of poirts: |5

Tolerance (%) O i Acceleration Calculation:
ir

Averaging: Edit Current Points

convergence (resistivity adjusted to account for slip). o e e

User Specified
O User Specifie — Number of points: |51 — Toraue at 0om: |0

d Generator mOde SOIVed at 2X SynCh ronous Speed (© Asomatc et ﬁANSHVSM‘ut;:rrCADvWS.ZJ.Z(eS_EMubwhty_\MjSDkW.mttJ* ————— WARNING TESTRELEASE ONLY - NOT VALIDATED

Force Calculation:

Stator Nodes Per Tooth

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

« . . . Shaft Mesh - -
_ Re mainin g CYC | es run wi t h rota t ion Calculation Method @ Geometry | [JWinding | [ nput Data | 1} Caleuistion | @ E:Magnetics | 22| Output Data | 1% Graphs | £3 Sensiiviy | € Scrpting |
.
(O Exclude shaft Drive: Skew- E-Magnetic «» Thermal Coupling:
@® Include shaft (defaut) Operating Mode: Skew Angle Skew Defiiton: E-Magnetic « Themal Coupling "
@® Motor O Motor / Generator O Stator @® No coupling (default)
Model Size O Generator O Brake ®) Rotor (O E-Magnetic Losses — Themal
[@ sy 13 0 LEASE ONLY - NOT VALIDATED - o x| Symmetry: Operating Point Definition T . O E-Magnetic + Themal Temperatures
Fle Edit Model Motorfype Qptions Defaults e Print Help ®) Use symmetry (defaul) (®) Speed / Sip Amature Winding Temperature: () kerate to Converged Solution
| @ Geamety | [ vindng | 14 iout s ha | 53 seratty | © soveng O Full machine ) Speed / Frequency .
d FEA| b FEA Edor | Sy FEA Paths | (D) User Spectied symmetry (O Sl / Frequency Bar Temperaturs: Performance Tests:
3 Analytic
Solve E-Magnetic Mode 8 O Full Non-Symmetry End Ring Temperature: I )
| = Shaft Speed: 6500 F sad Point
Shading: 3 0
*) Regen 3 ANSYS Motor-CAD v15.2.1.2 (e5_eMobility_IM_1S0kW.mt)* - WARNING TEST RELEASE ONLY - NOT VALIDATED ----- - o X _
ks Slip: |0.005 20
il File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help

Cumert Densiy
O Eddy Cumert Densty

K
@ Geometry | [ winding | (4 input Data | 1} Calcution | @ E-Magnetics | | ouput Data | Graphs | 5 Senstivey | € Scrpting | Frequency Shaft Temperature: _ZD 5
Data [¢Graphs |l Hamonics | — 75

Pull-Out) Poirtt

Shadig function: [8//T

2% Summary | |22 Single Load Point Back EMF | |22 Aigap Fiux Densty |22 Single Load Port Toraue | i = Torque / Speed Characteristic
Supply Defirition p
Single Load Point Toraue (Rotafing) O AC Mains (voktags driven) B creten
[ — Toraue (v vithiritial cycles) & — Toraue (i) 7 — Toraus () (skewed) (®) Inverter Fed {current driven) - Finite: Element:
- - [ Single Load Paint (non-rotating)
DC Bus Votage: [400 Saturation Model:
Shadng R \ Vohage Dive i Calculation Method: Max Fosk C Single Load Point {rotating)
ey y \ - 2 : i lax Peak Currert:
BiAtomac 1 / VN N Definition: S © Anatic [ Locked Rotor
s i / Peak e @FEA Max RMS Curert:
18 / P? 1”‘ e [[] Blectromagnetic Forces
MS 748
4/ b Calculate Saturation Model Synchronous speed:
| Defron: [ Force Recalculation of Saturation Model [ Core Losses
| 4088 orce Recalculation uration Vioge!
e N Ofeak  Peak Curent s | []Sef and Mutual Inductances
= [ @ RAMS AMS Curert: 2891 Calculation | RMS Current Last
G| [0t :of | Densiy et [P0 Method Calculated Rotor Sresses:
g |
TR = 1 Amps [ Centrfugal Forces
71::0.0 nLoadTran 4/ Winding Connection: FEA 500 15/09/2022
| Star Connection (defaul 10:10:57
— T 11 @) Star Connection (defaut) cotve -
| O Delta Connection
[5a% 8001ST yReted 3 OAN2 o 0T Aveae 732 4w po1 426.70m Lengn 40563109 130 deg |
4 Fast convergence -
| Cancel Solving
2 H H .
with non-rotating FEA | Followed by full motion .
29 September 2022 www motor-desian com
T T

7 500 500 1000 1100 1200 1300 1,400
Position [EDeg]

Solving Completed

29 September 2022w motor-design.com

Y \NnsYs




T SYNC FEHL LT B

* Geometry Ratios added to SYNC machine
templates to enable use with optiSLang.

* Salient Pole, Parallel Tooth and Parallel Slot
rotor geometries.

* Avoids invalid geometry definitions.

* When using ratios the geometries are always
valid.

W

CONSVLETANTS

# ANSYS Motor-CAD v15.2.1.2 (Mo File)* ----- DEBUG ----- - m] X
Eile Edit Model Motor Type Options Defaults Editors View PResults Tools Licence Print Help
@ Geomety |1 nput Data | il Calcutation | - Siress | 2| output Data | 53 Senstiviy | €) Scrpiing |
@ Radial | T il |00 |
Slot Type: | Parallel Tooth ~ | Rotor Type | Salient Pole v
Stator Ducts:| None ~ | Rotor Ducts: | None ~
Slip Rings: | None v
Stator Parameters Value Rotor Parameters Value
Slot Number 18 Rotor Slots 4
Slot Comer Radius 0 Airgap [Calculated] 1
Tooth Tip Depth 1 Winding Separators 3
Tooth Tip Angle 30 Wdg Separator Length 10
Damper Bars 0
Ratios Scale Valug 2
¢ =) Stator Lam Dia (dimension) 130
= Stator Bore 0.6154
[~ Slot Depth 0.7229
= Tooth Width 0.4916
Slot Opening 04116

— Sleeve Thickness

= Pole Surface Radius

= Pole Sufface Cffset ]
~ Banding Thickness o
= Shaft 0.3205
Shaft Hole 0
= Pole Wicth 0.3626
= Pole Tip Width 0.5689
= Pole Tip Depth 0.1841
= Pole Depth 05714
= Roter Coil Depth 0.8333
= Rotor Cail Width 0.75
‘ = Liner Pole Side 0.8 hd

Selected Ratio:

Stator Lam Dia:

Constraints: Dimension
I:l Geometry Parameterisation: Ch k R d 1 Draw plate Draw base
(O Dimensions (@) Ratios ec edraw Draw Cooling

Length (276366.22) mm o 14.July 2022 www motor-design com
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SYNC HiAloptiSLang 24

No knowledge of scripting required.
Ratio based geometries always valid.

-~ DEBUG

| 423 ans¥s Motor-CAD 115,212 (Na
Fle Edt Model MotorType Options Defauhts Editors View Tools Ligence Print Help

@ Geomary | [] Amaure Windng | [] Fiekd Windng | 1 inus Data | fiff Caicutaion Magnetice | 22 Ouput Data | L2 G
@i | F hs |30

oha | 53 Sensvay | € Somptng |

SotTipe  [PaalelToth | RorType | Sobent Pole v
Sator Ducts. Hane. | Ritor Ducts. |Nome
Sip Angs: | Nane ~

Ststor Parameters | Vae | RotorPanmeten | Vake

Automatic generation of optiSLang study for the SYNC machine.

ADZ74

CONSVLETANTS

St Fumber 13| Rotor Sets
St Comer Facun 0| Aegap Cacudated]
Tooth T Depthn 1| Wndng Separtors
Tooth Tip frge 30__| Wy Seperatar Lengih |10
Danper B
Ratios Scale|  Vake | A 2 ANSYS optiSLang Export - o
=]
Input Parameters| Reguiremerts | Objectives | Summay | Test Run|
~ Stator Lam Dia {dmension)
B Sator Bore Input Parameters: Recommended Settings:
; Variable Min Value Max Value Setting Option
Siot Dt
T Max stator curent (Peck) 10 2 Buid Lab saturation modi! Yes
et Operna Rotor Model Buid Curent 5 8 Buid Lab loss mode! Yes
e s Lab saiuration model type Full oycle
5 Pote Surface Radus Lab loss model type FEA
S Pote Suuface Offsat Lab mode! resolution Standard

arvdng Trickness

= Pole T Depth

Peak Shat Torque > 100 Nm 2t 3000 pm

R KRR R R R KRR R R R R &R

Peak Shaft Torque > 50 Nm at 6000 pm
o L Pole Sde | B4
Setected Rato

am Dia: [

Contrants ~ Dmensen

Check Redraw
Va2 ot

Objectives:
Continuous Shaft Torque at 3000 om

Settings option:
(® Use recommended settings (defaut)
Q) Use file settings

Optimisation Seftings:

[]5ave geometry and winding screenshots for each design

Temperatures.

Peak Pefomance Machine Temperature

Duty Cycle Machine Temperature:

Continuous Pefommance Max Winding Temperature:

Continuous Pefomance Max Retor Copper Temperature: 140

optiSLang Exe Location: [C:\Program Files\Dynardo\ANSYS optiSLang\2021 R2\optislang exe

Optinisation Export Folder: [C P AD: sputoptSLangEspornt

Setup Optimisation in ANSYS optiSLang

ﬁ ANSYS optiSLang Export

Input Paramders} Requiremerrlsl Objedivesw Summary | Test Run

Control:

Start Test Run Stop Refresh Script
Script:

1 ##

2 |#HF - -Motor—-CAD to optiSlang upled sxport

3 #H

4

5 |import win3Zcom client

& |import os

import time as timeModule |

os import getcwd

» os.path import join, dirname, exists, basename
» collections import OrderedDict

s time import localtime, strftime, sleep, time
scipy.io import loadmat

13 |import sys

14 |import math

15
16 |#2% 3
17 |### To be filled in by user not being used vith export--— ##
LS 2 3
refdir = r'To be filled in by user or optislang’
motFileName = r'To be filled in by user or Motor no .mot extension) '

Results:

1 |Test run outputs will appear here upon completion.

Y \NnsYs



4t — Winding € X

» Simplification of winding definition.

* Winding pattern now used as definitive source of winding data.

* No longer option to specify number of conductors in slot for thermal model.

File Edit Model MotorType Options Defaults

[JPaten | [dpenition |

Desian
Winding Type:
3
@l Phases:
(O Concentric Tums:
(O Custom Throw: |4
Phase Distrbution
Independert Paralll Paths
Nx 3phase Winding Layers
Path Type: 12
OCentral
O Upper/Lower
@ Left/Right

@ Radial Patem | [ Linear Pattem | Phasors | MMF

# ANSYS Motor-CAD v2023.0.1.3 (No File)™ ----- 'WARNING TEST RELEASE ONLY - NOT VALIDATED -----

Editers View Results Tocls Ligence Print Help

@ Geomety [JWindng |14 nput Data | fif Calcuiation | @ EMagnetics | 32/ Output Data | |22 Graphs | 52 Sensiiviy | € Scrpting |

Ph1
— Phase 1

= Phase 2

== Phase 3

| Hamorics| Factors|

AlPhases | pr1 | Phz | Pr3 |
Slot ‘ Total ‘Phase'l‘th2|th3| ~
1 100 100 0
2 100 50 0 5
3 100 0 0 100
4 100 0 100 0
5 100 50 5 0
5 100 00 0 0
7 100 0 0 100
8 100 0 50 50
9 100 0 100 0
0 100 100 0 0
11 100 50 0 50

Lengih (69.31,76.35)

mm 20 September 2022 wiww motor-design com

ﬁ ANSYS Moter-CAD v2023.0.1.3 (Mo File)™ ----- WARNIMG TEST RELEASE ONLY - NOT VALIDATED -----

File Edit Model MotorType Options Defaults Editors View Results

Tools Ligence Print Help

@ Geomety [JWinding | input Data | 1} Calcutation | @ E-Magnetics | ZE| Outout Data | 12 Graphs | 52 Sensiiviy | €) Scipting |

[dpatem |[JDefnton |

Coil Style

Divider Type: | Solid Divider (Rex ~ | Wedge Modsl: | Wedge
Vdg Definition: Copper Slet il ~

Wire Selection

Stranded ~

Wire Diameter: [1.005 Copper Diameter
Number of Strands in Hand:

Input Parameter | Value Input Parameter | Value
Copper Siot Fil 0.4 Number Of Wire Sizes
EW/dg Fill 04609 | [Conductors/Sat
Liner Thickness 025 | [EwdgMLT  [2320
Coil Divider 02
Coil Divider Reduction |0
Copper Depth [%] 100
Conductor Separation | 0.1
Winding View

Redraw ggﬁs&ﬂ;ﬁm

Air or Fluid

Hide ¥

Output Parameter | Value | | Output Paremeter | Value | | Output Parameter | Value
Conductors/Slot Drawn__| 100 Slot Area 1714 | [Covered Wire Area 7933
Wire Siot Fil (Wdg Area) |0.5294 | |Winding Area (+ Liner) _ |160.8 | |Copper Area 68.57
Wire Siot Fil (Slot Area) |0.4628 | |Winding Area 1439 | [Impreq Area 7052
Copper Slot Fil (Slet Area) [0.4 Winding Depth 15.383 | [Wedge Aea 7.557
Heavy Build Slot Fil 06741 Col Divider Area 3077
Length (4.11,5499) mm 20 September 2022 www motor-design.com

CONSVLETANTS
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B hairpin winding & 242 ik o

CONSVLETANTS

° NeW a utomat|c elementa ry W|nd | ng method . £ ANSYS Motor-CAD v15.2.1.2 (eda_EMobility_IPM.mtt]* ----- DEBUG ----- - O X

File Edit Model Motor Type Options Defaults Editors View BResults Tools Licence Print  Help

* More accu rate end_Wi nd i ng Iength Ca ICU Iation . ?]?eometry DUWinding ]lDﬂ'”PU‘ Data ]HHCaIcu\aﬁon ]':" E-Magretics | == Output Data WgGraphs IES Sensitivity ]°Scripﬁng ]
* Wave winding following parallel path impedance b A
() Custom : T T

balancing rules. © et

NSYS Motor-CAD v15.2.1.2 (eda_EMobility_IPM.mtt)*
File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
OGeometry I:]_W_\_nd_\ng__:mﬁlnpm Data ] ﬂ”CaIcuIaﬁon ] @ E-Magretics | 2=/ Output Data WgGraphs ]E:Sensnivity |°Scnpting 1

D Pattem ]D Definition ]

Design Add Co Cail View: Front
Winding Type 3 (®) Show Coil Loops and Paths (defaut)
() Custom Remove Co () Coil Loops 1
(®) Blementary R () Paths ]
Tow[s | - Parallel Paih View:
Paralel Pathe:[4 | — Phase 1 ® Show Al {defauit)
(O Single path highlighted
Winding Layers: == Phase 2
nding Layers D (O Single path only
16 === Phase 3

@Radial Pattem .I_'mLinear Pattem WPhasm] MMF } Hannuni:s} Faclurs]

Coil View ] Slat \f‘\ewl
AlPhases PR 1 | Pnz | Pn3 |
Al Paths | Path 1| Path 2] Path 3| Path 4]
Coil | Path | Go Return Throw | Tums
Slot |Pos| Slot | Pes
1 1 1 a 7 b 6 1
2 1 13 a 1) b 6 1
3 1 25 a 31 b 6 1
4 1 7 a 43 b 6 1
5 ] 2 c 8 d 5 1 Length (-63.50,102.80) mm 14 July 2022 www . motor-design.com
6 1 14 c 20 d 6 1
7 1 26 = 32 d 6 1
8 1 38 c 44 d 6 1 T = ﬂ
Rear
Show or hide parallel paths {Paralle/PathView} Length {-273.50.-44.90) mm 26 September 2022 www motor-design.com
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=% E Lab AC winding i FEmap

Id

e Calculation of the Lab AC winding loss map using full FEA method.

* Improved AC winding loss calculation accuracy with variation of speed.

M Model Build ]HH Calculation ] @ Electromagnetic ] E Themal I 1E outy Cycle | 22 Operating Point

Dﬂ Model Options liﬁ Loss Model l @ Machine Parameters ]

Saturation Model:
Maodel Type:
() Fixed Inductance Model

() Saturation Madel (Single Step)
(®) Saturation Model (Full Cycle)

Model Resolution:
(") Coarse (15 points)

(®) Fine {30 points)
() Custom

Custom Model Resolution:

Curve Fit Goodness (%)

8238

Loss Medel:
Maodel Type:
() Meglect
(®) FEA Map (recommended)

() Custom

ADZ74

CONSVLETANTS

AL Loss Model:

Maodel Type:
(O Hybrid Method

{® Full FEA Method

Full FEA AC Loss Model Resalution:

No. Stator Cument Poirts: III
Mo. Phase Advance Points: I:I
Mo. Speed Points:

Total No. Points

& Motor-CAD Lab Results Viewer (e9_full_FEA_AC_Loss_dcuboids.mot) — [m] *
Contour Mode | Surface Mode Grid On  Show Drive Cyde  Show Legend  ExportFigure  ExportData  Refresh Drive Cyde Refresh Units  Comparison Mode
g Graphing 22 Data €Y Graph Settings E> Export Settings ZE| Analysis
6300
5400
4500 —
=
= Q
E <
= 3600 3
] 3
= .
g g
= 2700 2
2 el
o £
1600 g
900
o

¥ Axis: | Speed

Speed (rpm)

6000

Y Axis:  Shaft Torque

w ZAxis: Stator Copper Loss AC

o

Y \NnsYs



AN[E] hairpin S48 R~

Different sizes of hairpin conductors in slot.

Used to reduce AC winding losses in conductors near slot opening.

W

CONSVLETANTS

# ANSYS Motar-CAD v2023.0.1.2 (UnevenHairpin_4layers_samecopperarea.mot)” ----- WARNING TEST RELEASE ONLY - NOT VALIDATED -----
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help

OGEumehy DWind\ng mﬂ\npul Data HmCalculahuﬂ @ E-Magnetics ] utput Data IgGraphs E:Sensdi\rﬂy IeScripﬁng I
Cdpatem {0

Coil Style: Hairpin

Presentation last saved: Just now

Divider Type: | Overapping ~ Wedge Model: | Wedge ~
'Wdg Definition:| Wire Size

Wire Selection

6.1

3 Ins Thick:

Mumber of Strands in Hand:

Input F Input F Value
Wire Slot Fill Number Of Wire Sizes 4
EWdag Fill 0 Conductors/Slot 4
Liner Thickness 0.25 EWdg MLT
Copper Depth [%] 100

Conductor Separation 0.1

Conductor 1 Width 5 Conductor 1 Height 6
Conductor 2 Width 5 Conductor 2 Height ]
Conductor 3 Width 5 Conductor 3 Height 2
Conductor 4 Width 5 Conductor 4 Height 2
Output F Value Output | Value Output | Value
Conductors/Slot Drawn |4 Slot Area 107.8 Covered Wirs Area 87.22
Wire Slot Fill (Wdg Area) | 0.5055 | | Winding Area {+ Liner) 1066 | |Copper Area 7997
‘Wire Slot Fill (Slot Area) 0.8093 | |Winding Area 96.33 Impreg Area 9.102
Win':jirlig ;'IEW' Copper Slot Fill (Slot Area) |0.742 Winding Depth 17513 | | Wedge Area 113
Cuboids E
Red raw Conductors Heavy Build Slot Fill 0.95069
None
Stator_lLossSlot  pj=0W/kg pR=0 J=0A/mm2 C=0AT Area= 232 5mm2 20 September 2022

Hide W

wwww motor-design.com

# ANSYS Motor-CAD v2023.0.1.2 (UnevenHairpin_4layers_samecopperarea.mot)® --—- WARNING TEST RELEASE QMLY - NOT VALIDATED ----- - O X
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
OGeomeﬂy ] D\Nlndlng ] Dﬂ Input Data I fm Calculation @ E-Magnetics Output Data ] gGraphs E;Sensmvw ] °Scnut|ng 1
L FEA | FEA Edor | S FEA Paths |
Pilw/kg]
Solve E-Magnetic Model
e - 8682.57
Shading:
O Region —gas =
(O Total Loss aih
() Hysterisis Loss
() Eddy Loss laminated) 5068.50
(®) Eddy Loss (solid)
Shading function: §111.47
Shading region:
Options 5254.44/
Llegend [ Outlines [ ] Mesh
Equipotential Lines: A ~ 4397.40
Wector Lengths: EI B ~
Shading Range: 3540.37
Automatic Min Max
Min: 0 Max: 2.2 2683.34/
Debug
Save Load
Geometry Options: ~ View
Point Labels (@) Results
[ Vitual Lines () Geometry
[ Boundaries (O Mesh
Open -
OnLoadLoss_result_l.mes
Stator_LossSlot  pji=0W/kg pR=0 J=0A/mm2 C=0AT Arca= 232.5mm2 Length (51.459.2 446) mm 20 September 2022 www motor-design .com
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IM 5 SYNC F

A LAE Lab R m

id

1 map

Thermal performance of Induction and Synchronous machines across full torque/speed range.

CONSVLETANTS

# ANSYS Motor-CAD v2023.0.1.3 (i9_SYNC_HV_325kW_Generator.mtt)*

Eile Edit Model Motor Type Options Defaults Edjtors

F Thermal ll': Duty Cycle

View Results

Py Model Build I NH Caleulation I @ Blectromagnetic

Calculation:

Themal Map Type: Speed:
O Envelope Maximum
@) Full Map

Step Size
Themal Calculation
@ Steady State Minimum
O Trenset Maximum Temperatures:
Themal Limit

Stator Winding
Stator and Magnet

() Stator Winding Only Rotor Winding
(®) Stator + Rotor Winding
Max. Current:
y .
Maximum Winding Node [ Limit n Max. Curert
(@) Average
O Hotspot 150

Add Custom Limit Remove Custom Limit

Thermal Node Temperature  Limit

Initial Cument Estimate:

Stator Cument (Peak):
Stator Current (RMS):

Rotor Current

Tools

Licence Print Help

Operating Point 1 [‘ﬂ Generator ] ° Settings I
Calculation Status:

16-09-22 16:06:08: Themal calculation
completed with maximum average stator winding
=160.0degC maximum rotor =160.0degC
maximum speed 6000.0mm

Calculate Thermal Performance

Cancel Calculation

Load Resufts Viewer

IR, clsetion Compiete

& Moter-CAD Lab Results Viewer (i9_SYMNC_HV_323kW_Generator.mtt)

Contour Mode | Surface Mode  Grid On

& Graphing

Show Drive Cyde  Export Figure

Data * Graph Settings E> Export Settings

1400

1200

1000

800

Shaft Torque (Nm)

60O

400

200

0 1000

2000

X Axis: |Speed

16 September 2022

www motor-design.com

ExportData Refresh Drive Cyde

Refresh Units Comparison Mode

3000 4000 5000
Speed (rpm)
Y Axis: | Shaft Torque ¥ | Z Axis:

160

145

70

G000

Stator Winding Temp Average

C)

Stator Winding Temp Average (

W
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CONSVLETANTS

# AMNSYS Motor-CAD +2023.0.1.3 (No File)* ----- WARMIMG TEST RELEASE ONLY - NOT VALIDATED ----- — O *
b Re Cta ngu I a r m agn ets mo u nted O n File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help

OGeometry ]D‘Ninding ] Dﬁ Input Data ] 'HH' Calculation | @ E-Magnetics E_E' Output Data ] &Graphs ] E; Senstivity I ° Scripting ]

rotor lamination surface. OB i | w0 |

Slot Type: | Parallel Tooth ~ | Rotor Type: | Surface Flat ~
[ ] Can be defined as dimensions Or Stator Ducts: | None | Rotor Ducts: | None ~
Stator Parameters Value Rotor Parameters Value
.
rat I OS . Slot Mumber 18 Pole Number 8

Stator Lam Dia 130 Motch Depth 0

 Can make use of rotor notches if P S
requir‘ed. Tooth Width 7 Magnet Arc [ED] 140

Slot Depth 18 Magnet Segments 1
Slot Comer Radius ] Airgap 1
Tooth Tip Depth 1 Banding Thickness 0
Slot Opening 3 Shaft Dia 25
Tocth Tip Angle k1] Shaft Hole Diameter 0
Sleeve Thickness o

Geometry Parameterisation:

® Dimensions () Ratios Check Redraw

Length (-26.29.65.97) mm 5§ September 2022  www motor-design com

Y \NnsYs



Outer rotor magnet reduction geometry

* New geometry parameter to shape the outer

rotor magnets.

* Shaping of airgap to reduce torque ripple.

2 ANSYS Motor-CAD v2023.0.1.3 (Mo File)* ----- WARNING TEST RELEASE ONLY - NOT VALIDATED -----

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Help
@ Geomety |[Winding | [ input Data | Hi} Calculation | @ E-Magnetics | 2/ Output Data | 2% Graphs | 52 Senstiviy | € Septing |
OFadal | T |wep |

Slot Type: | Parallel Tooth

Rotor Mount: | Open

Stator Ducts: Nene v Nene
Rotor Parameters | Value Stator Parameters | Value
Pole Number 10| Siot Humber 12
Back Iron Thickness 5 | Amature Diameter 110
Magnet Thickness 4 | Tooth Width 7
Magnet Reduction 1 ||Slot Depth 18
Magnet Arc [ED] 140 | Siot Comer Radius 0
Magnet Segmerts 1 | St Opening 3
Banding Thickness 0 | Tooth Tip Depth 1
Tooth Tip Angle kL]
Hirgap 1
Sleeve Thickness 0
Aule Dia 35
Axle Hole Diameter 0

~T

Geometry Parameterisation
(®) Dimensions Ratios

Redraw

30 September 2022 www.motor-design.com

CONSVLETANTS

B[T]
2.034

1.831
1.627
1.424
1.220
[ 1017
0.814

0.610

0.407

0.203

0.000

\nsys
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5 W08 v & 7 VA st

* Improved modelling following research project with University of Nottingham
* Independent cooling circuits for axial, radial drip and rotor/shaft nozzles

 New Heat Transfer Coefficient correlations — simplifies HTC calibration

Orive-End Winding

Axi1al Nozzle Adaptor
—Radial Nozzle Adaptor |

Bearing Chamber—

\ —0ultlet
Stator Sleeve

—DO0rip Tube

| —0rip Board

@ ANSYS Motor-CAD v15.2.1.2 (No File)™ ----- WARNIMNG TEST RELEASE OMLY - NOT VALIDATED -----
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help
oGeometry 1 D‘N\ndlng Dﬂ Input Data “”+ Calculation ] F Temperatures 1 utput Data Ec Sensivity I o Seripting I
5 Cooing | Mk Losses | gy Materals | T interfaces | () Radistion | b Netural Convection | # Spray Cooling |4 End Space | €3 Settings | 48 Matenisl databiase
Flow Options | Radial from Housing) ]
Fluid Flow Heat Transfer
Component Input Comelation Stationary Rotational Area Sprayed h h Comelation | h Mixed
h? hlinput] or | hlinput] or | Multiplier Area | Stationary | Rotational Factor
hladjust] hladjust]
Units Wim#C Wim3C pu mm? Wim¥C | W/m3T pu Wim% T
EW Inner [Front] (Layer a) O Radial Jets from Housing) 1 1 1 329 3mn3 76.78 1 3190
EW Outer [Front] (Layer a) O Radial Jets from Housing) 1 1 1 329 3mn3 76.78 03 956.9
EW Front [Front] (Layer a) O Radial Jets from Housing) 1 1 1 6277 3mn3 76.78 07 2233
EW Rear [Front] {Layer a) O Radial Jets from Housing) 1 1 1 6277 3mn3 76.78 07 2233
EW Inner [Front] (Layer b) O Radial Jets from Housing) 1 1 1 6397 3mn3 76.78 1 3190
EW Outer [Front] (Layer b) O Radial Jets from Housing) 1 1 1 6397 3mn3 76.78 03 956.9
EW Front [Front] (Layer b) O Radial Jets from Housing) 1 1 1 1218 3mn3 76.78 07 2233
EW Rear [Front] {Layer b) O Radial Jets from Housing) 1 1 1 1218 3mn3 76.78 07 2233
EW Inner [Front] {Layerc) ] Radial Jets from Housing) 1 1 1 6208 ana 76.78 1 3190
EW Outer [Front] (Layerc) ] Radial Jets from Housing) 1 1 1 6208 ana 76.78 03 956.9
EW Front [Front] (Layerc) [ ] Radial Jets from Housing) 1 1 1 1182 ana 76.78 0.7 2233
EW Rear [Frort] {Layerc) [ ] Radial Jets from Housing) 1 1 1 1182 ana 76.78 0.7 2233
EW Inner [Front] {Layerd) []  Radial Jets from Housing) 1 1 1 6020 ana 76.78 1 3190
EW Outer [Front] (Layerd) []  Radial Jets from Housing) 1 1 1 6020 ana 76.78 03 956.9
EW Frort [Front] {Layerd) [ ] Radial Jets from Housing) 1 1 1 1147 ana 76.78 0.7 2233
EW Rear [Frort] {Layerd) [ Radial Jets from Housing) 1 1 1 1147 ana 76.78 0.7 2233
EW Inner [Front] (Layere) ] Radial Jets from Housing) 1 1 1 5834 ana 76.78 1 3190
EW Outer [Front] (Layere) [] | Radial Jets from Housing) 1 1 1 5834 ana 76.78 03 956.9
EW Front [Front] (Layers) [ Radial Jets from Housing) 1 1 1 11 ana 76.78 0.7 2233
EW Rear [Frort] {Layere) [ Radial Jets from Housing) 1 1 1 11 ana 76.78 0.7 2233
EW Inner [Front] (Layerf) [] | Radial Jets from Housing) 1 1 1 5650 ana 76.78 1 3190
EW Outer [Front] (Layerf)  [] | Radial Jets from Housing) 1 1 1 5650 ana 76.78 03 956.9
EW Frort [Front] {(Layerf) [] | Radial Jets from Housing) 1 1 1 1076 ana 76.78 0.7 2233
EW Rear [Frort] {Layerf)y  [] | Radial Jets from Housing) 1 1 1 1076 ana 76.78 0.7 2233
EW Inner [Front] (Layerg) [ ] | Radial Jets from Housing) 1 1 1 2729 ana 76.78 1 3190
EW Outer [Front] (Layerg) [ | Radial Jets from Housing) 1 1 1 2729 ana 76.78 03 956.9
F YR S S DA | P S T 4 4 1 Einn a11a e 0 n= an9a
29 September 2022

Rt

TW
0.09513
03171
0.7135
0.7135
0.04501
0.1634
0.3676
0.3676
0.05051
0.1684
0.3788
0.3788
0.05208
0.1736
0.3306
0.3306
0.05374
0.1791
0.403
0.403
0.05549
0.185
0.4162
0.4162
0.1149
0.383

Note ~
s

www motor-design.com

@ ANSYS Motor-CAD v15.2.1.2 (No File)™ ----- WARNIMNG TEST RELEASE OMLY - NOT VALIDATED -----

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

oGeometry 1 D‘N\ndlng Dﬂ Input Data “”+ Calculation ] F Temperatures Qutput Data Ec Sensivity I °Scr|pt|ng I

5 Cooing | Mk Losses | gy Materals | T interfaces | () Radiation | b Netural Convection | # Spray Cooling |4 End Space | €3 Settings | 48 Matenisl databiase
Flow Options | Radial from Housing) |

Fluid Flow  Heat Transfer
Fluid Data:

Fluid Volume Flow Rate
Inlet Temperature:

Nozzle Data
Mumber of Mozzles (Frort):

Number of Nozzles (Rearl: [4 | Rear: [0
Nozzle Diameter (Frort): Inlet Coupling
Nozzle Diameter (Rear) None

Kinematic Viscosity: |[2.8E5

Dymamic Viscosty: [0.02403 Fiuid Exit Vielocity (Frort)
Pr - Prandtl Number: [382.2 Flid Ext Velocty (Rear): |14.88

Fluid Properties: Flow Proportion

ATF134 fluid ~

II

Themal Conductivity: |0.1358
Density: |828.6
Cp: |2160

29 September 2022

4
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P 5 NVH

Ansys



NVH i

* New Induction machine NVH calculation
- Define multi-speed operating points using RPM, line

current and

slip.

- Enables full NVH calculation and force export for IM.

- Transient IM calculation improvements significantly speed
up calculation for reasonable results.

# ANSYS Motor-CAD v2023.0.1.3 (test3.mot) ----- WARMING TEST RELEASE OMLY - NOT VALIDATED -----

File Edit Model Motor Type Options Defaults Editors  View Results  Tools

O Geometry ] Dﬂ Input Data HH Calculation l -M Stress ] 22| Output Data ] O E-NVH ] Ec Sensitivity ] ° Seripting ]
=# Rotor Stress O Forces l
Load Points:

Licence Print  Help

Calculated Torgue Speed Peak Line Current Slip
Mm mm Amps
Load Pairt: 1.56259 1000 5 0.03
Add Point 1.62007 2000 10 0.01
Caloulation:
Clear Poirts Generate Forces Data
Delete Point

ADZ74

CONSVLETANTS
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[ZAEH NVH can e

* Use 1/6 electrical cycle
symmetry

- Forces calculated for
1/6% of the cycle, rest
populated using rotor
and stator symmetry

* Use EMag multistatic FEA
solver

e Speed up of NVH
calculations

* Transient solver remains
the default, reduced
multistatic can be
selected if preferred

Calculated forces for one electrical cycle around the stator

Y \NnsYs



NVH B cADXg

CONSVLETANTS

& Geometry [ Input Data Hm Calculation ] -H Stress ] ZZ| Output Data l ) E-NVH
& Materials o Settings ] #8 Material database l
Geometw NH Caleulation lf Preferences l & Notes l

e Option to include housing as well as stator in analytical stiffness

& modal calculation. Mechanical Calculation Options: |
Mechanical Mesh Settings: Force Calculation:

° o o o . ope Rotor Lam Mesh Length:Cl Stator Nodes PerTou:ith:
Single threaded solver option for increased reliability. e R =
* Outputs defined to allow NVH assessment to be included with 1 StorForce Por:[0__|
OptiSLang optimisation. Fkr s PPl |__|
Rotor Node Points: l:l
* Results exported for improved integration with Ansys e

Mechanical/VRExperience/Sound NVH process. -vl,e.naws;
[ Wnclude Winding Mass
Include Housing

Forcg Calculation Threading:
(® Muttithreaded

O e

* Improvements in useability.




* Gives a measure of the stresses in important parts of rotor

lamination.

* Particularly useful for optimisation studies.

* Enable verbose FEA outputs to show measurement locations in

FEA viewer.
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ADZ74

CONSVLETANTS

Fle Edit Model MotorType Options Defaults Editors Yiew Results
© Geomety | 14 Input Data | H}f Caloutation
 FEA | B PR Editor |

Stre

Solve Rotor Stress Madel
Shading
(O Region
(®) Mecharical Stress

(O Displacement

{
|
r
Shading function:  [SVM//MPa
Shading egion:

Options:
Mlegend FOutines [ Mesh

Eauipotertial Lines:[0_|
o]

Vector Lengths:

Shading Range:

Automatic
WMin: 0 Max:
Debug

Save Load
Geometry Options: ~ View
Point Labels (@ Resulis
[ virtual Lines (O Geometry
[ Boundaries O Mesh
Open

L1_1Magnet2 SWM=1.315N/mm2 Area= 75.65mm2 Density =7500kg/m3

ﬁ ANSYS Motor-CAD v2023.0.1.3 (eda_EMebility_IPM.mtt)™ ----- WARNING TEST RELEASE ONLY - NOT VALIDATED -----

Teols Licence Print Help

Output Data | S ENVH | B3 Sensitviy | @ Scripting |

(41843 22.974)

mm 16 September 2022

SYMIN/m
220,819

206.843

183.867

160.891

137.914

114,938

91.9627

68.9866

wiw motor design.com

# ANSYS Metor-CAD v2023.0.1.2 (eda_EMobility_IPM.mtt)™ ----- 'WARNIMG TEST RELEASE ONLY - NOT VALIDATED ----- - [m] X
File Edit Model Motor Type Options Defaults Editors ew Results Tools Licence Print Help
© Geometry | ] input Data | {}M} Caloutation | -4 Stress <3 ENvH | 52 sensivty | € Sipting |
) Rotor Stress 1{} Forces I A Miscellzneous 1 A Materizls I fiw Custom 1
Variable Value | Units | Variable Value Units
Shaft Speed 1.485E004 pm Rotor Lamination displacement (average) ooz1z mm
= Fotor Lamination displacement (max) 001834 mm
Rotor Lamination Material Yield Stress 445 MPa
Fotor Lamination Stress (average) 404 MPa
Rotor Lamination Stress {max) 2298 MPa
% ANSYS Motor-CAD v2023.0.1.3 (e1_eMobility_IPM_150kW.mtt)* ----
Eile Edit Model MotorType Options Defaults Editers View | |
) ion | ES
I M+ Caleulation 1 Srese 1 Output D Rotor Lamination Yield Stress ratio 05164
g Vateids QP Setings | 48 Material database |
@ Geometry | WM Calcuistion | Preferences | [ totes | Rotor Lamination Safety Factor 1936
User Preferences:
DXF Import View: -
[ Allow editing of radiation view factor View
[ Automatic Fle Backup @® Radial Rotor Lamination Hoop Stress rner) [analytical] 5082 MPa
Iy Verbose FEA Otput O hial
ey Terhose i o Rotar Lamination Hoep Stress (outer) [anaiytical] 2383 MPa
[T Drapley Verbose Messages O Winding
Show Watemmark View Settings: -
Auto Centre
Centre Offset: Average Magnet Post Stress (L1) 1109 MPa
Save File with Forwards Compatibility
X Offset: |0
O Disabled I: Average Magnet Bridge Stress (L1) 156 MPa
@ Enabled vofest: [0 |
Hint Options Sl E
Hirtt display time 27 - 7 y
Ristation: |:D Rotor  SVM=27.2N/mm2 Area= 368.3mm2 Denstty =7650ka/m3 16 September 2022 www motor-design.com
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Efficiency Map LLHE

* Improved efficiency map comparison option.

* Allows comparison of data with different x/y

ranges.

* Data points are interpolated.

Ii Motor-CAD Lab Results Viewer (e5_eMobility_IM_1530kW.mtt)

Contour Mode | Surface Mode Grid On  Show Drive Cyde Show Legend  ExportFigure ExportData  Refresh Drive Cycde Refresh Units  Comparison Mode

g Graphing ZZ|pata ¥ GraphSettings  [—> Export Settings 22| Analysis

350

300

5] 5
=) =}

Shaft Tarque (Nm)
o
3
[=]

100

500 2500 4500 6500 8500 10500
Speed (rpm)

X Axis: |Speed ¥ Axis: | Shaft Torque - | Z Axis:

Efficiency

96.47

9393

91.40

86.87

2
&

83.80

81.27

0.00

Efficiency (%)

li Motor-CAD Lab Results Viewer (e2_eMobility_IPM_hairpin_130kW.mtt)

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

| Graphing  ZE|Data € GraphSettings  |-> ExportSettngs 35| Analysis

. 99.00
350 1
96.47
300 1
93.93
250 1
€ 91.40
Z 3
@ =
g 200 88.87 2
S 3
= =
=
o w
& 150 86.33
100 83.80
50 81.27
0.00
Speed (rpm)
X Auis: |Speed ¥ Asis: | Shaft Torque ~ | 2 Axis: |Efficiency

W

CONSVLETANTS

Comparison Mode

C:JANSYS_Motor-CAD/2023 0 _1_2/Motor-CAD Dataltemplates/eb_eMobility IM_150kW/Lab/MotorLAB_elecdata. mat
T T T T T
B0 ] 12.52
762
300 4
273 a‘g‘
z 250 8 0.00 %
Z 216 &
o
% 200 ) £
B 706 &
= =
2 150 iy 2
® 1195 &
&
100 -
-16.84
50 2174
0 1 1  — I |
500 2500 4500 6500 8500 10500
Speed (rpm)
¥ Axis: |Speed Y Axis: | Shaft Torque | Z Axis: |Effidency -

nsys
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My Model Build “N Calculation 1 @ Blectromagnetic I F Thermal ] 1|: Duty Cycle E_E' Operating Paint

* Active length scaling for stator, rotor & magnet length. s [0t | © e | s |
* Accurate performance & loss calculations without rebuilding Lab model | e R
for different axial lengths. ‘ ‘

. . . 8:;10t0r Magnet Loss Build Factor:

* Thermal model axial length adjustments for coupled solution. i et S
« Significant speed up of geometry optimisation e.g. optiSLang. S Tegurs ———
8Conslard.Phase Advance =0 Caleulation: l:l

Active Length:
sz_aed = #?d\rance Model build reference:
Resistance reference:
Caleulation:




Toda Kogyo #ifi & iR 1) Granta A1 R} 248

ADZ74

CONSVLETANTS

23 Import Material Database - O X
Material Type Thermal | Specific Heat | Density | Resistivity | Temp. Coef. | Poisson’s ratio | Young's Coefficient | Yield Stress| Magnet |Notes A
Conductivity of Resistivity BH Values
[ | units W/m/C J/kg/C kg/m* | Ohm.m MPa MPa
[ | M5-5chramberg | NdFeB Magnet 1] 0 4100 1] 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 27-80p. Data provided by
[J ms-Schramberg | NdFeB Magnet 0 0 4500 0 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 30-60p. Data provided by
[ ms-Schramberg | NdFeB Magnet 0 0 4400 0 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 32-80p. Data provided by _ x
[ ms-Schramberg | NdFeB Magnet 0 0 4500 0 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 37-60p. Data provided by
[ ms-Schramberg | NdFeB Magnet 0 0 4700 0 0 0 0 1} 12 Bonded molded magnet - MS-Schramberg - NdFeB 28-80p. Data provided by | © sciting |
[0 Ms-Schramberg | NdFeB Magnet 1} 1} 4700 1] 0 [1} 0 1} 12 Bonded molded magnet - MS-Schramberg - NdFeB 42-60p. Data provided by
[0 Ms-Schramberg | NdFeB Magnet 1] 0 5000 1] 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 43-80p. Data provided by
[ ms-5chramberg | NdFeB Magnet 1] 1] 5200 a 0 0 0 a 12 Bonded molded magnet - MS-Schramberg - NdFeB 46-80p. Data provided by nical|
[ | M5-5chramberg | NdFeB Magnet 1] 0 4800 1] 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 48-60p. Data provided by
[J Ms-Schramberg | NdFeB Magnet 0 0 5300 0 0 1} 0 0 12 Bonded molded magnet - M5-Schramberg - NdFeB 49-80p. Data provided by
[ ms-Schramberg | NdFeB Magnet 0 0 5200 0 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 55-60p. Data provided by Demagnetisation BH data for Toda Kogyo | TP-A27N
[ ms-Schramberg | NdFeB Magnet 0 0 4800 0 0 0 0 0 12 Bonded molded magnet - MS-Schramberg - NdFeB 76-110p. Data provided by 0.3
[ spacemagnets | HT-N10 Magnet 0 0 5050 0 0 0 0 0 15 Bonded molded magnet - Spacemagnets - HT-N10 - Compression Molded. Data % -40°C Data
0.25 = ¥ @ 25°C Data
[ Spacemagnets | HT-N1OH Magnet 0 0 6050 0 0 0 0 0 15 Bonded molded magnet - Spacemagnets - HT-N10H - Compression Molded. Data ¥ 40°C Data
[ Spacemagnets | HT-N10S Magnet 1} 1} 6150 1] 0 [1} 0 1} 35 Bonded molded magnet - Spacemagnets - HT-N10S - Compression Molded. Data 0.2 f" 60°C Data
V@ 80°C Data
[ | Spacemagnets | HT-N12 Magnet 1] 0 6150 1] 0 0 0 0 15 Bonded molded magnet - Spacemagnets - HT-N12 - Compression Molded. Data ~ @ 100°C Data
0.15 o)
[ Spacemagnets | HT-N125 Magnet 1] 1] 6150 1] 0 0 0 1] 78 Bonded molded magnet - Spacemagnets - HT-N125 - Comprassion Molded. Data E: EEE E::
[ | Spacemagnets | HT-NBL Magnet 1] 0 5850 1] 0 0 0 0 15 Bonded molded magnet - Spacemagnets - HT-NBL - Compression Molded. Data 0.1 og [~ -- -40°C Linear Madel
r 25°C L Model
Toda Kogyo | TP-A27N Magnet 1} o 3750 o 0 1} 32000 o 640 Bonded molded magnet - Toda Kogyo - TP-A27N. Anisotropic Ferrite PA12 -- agec L:::::M:d:\
0.05 o
Toda Kogyo | TP-568 Magnet ] ] 3770 ] 0 0.28 5700 ] 640  Bonded molded magnet - Toda Kogyo - TP-S68. Anisotropic Ferrite PAS compound = F" :gé t::::::::g::
Toda Kogyo | TP-573 Magnet 1} 1} 3420 1] 0 0 4500 0 640 Bonded molded magnet - Toda Kegye - TP-573. Anisotropic Ferrite PPS compound E 0 [T== 100°C Linear Madel
-- 120 del
Toda Kogyo | TRP-M760 Magnet 0 0 5300 0.0012004 0 0.24 31000 0 560 Bonded malded magnet - Tada Kogya - TRP-M760. Isotrapic NdFeB PPS compound “ L e e
0.05 - e
Toda Koayo | TRP-T710C Magnet 1] o 5000 0.0016 0 [1} 0 1} 560 Bonded molded magnet - Toda Kogyo - TRP-T710C. Anisotropic NdFeB PPS ]
e 01 9
]
Found 114 materials Import Selected Cancel P
0.15 1 o
Fecoma 28, Adom 0 162469 | 0100593 =] -]
Recoma 28 QAT !} 159690 | 010783 s 5] ]
Recoma 28_QAB5 0 5731 | 011321 ” o
Recoma 305 40 154732 | 0119597 0.25 i o
Recoma® | ) 452154 | 0124891 of d
Sm2Co17 175/160m <0 143575 | 0128784 03 o
Toda Kogyo | TP-A27N 0 146396 | 0134396
Toda Kogyo | TP-568 jg :m;; B::i;g; -250,000 -200,000 -150,000 -100,000 -50,000 [}
Toda Kogyo | TP-573 - H [Amps/m]
Listese 1057 e i
Toda Kogyo | TRP-T710C Wagnet Parametes
Transcend_Ferte_FESH_Calbrated Caleulated parameters:
UnitMagnet Spedify reference temperaturs: [ Br{Tref): | 0.2922
:am"w“ = Colulate Magnet Parameters | o - oo Temperature Tre:[25 o [01947
AT Minimum Vi Temperature: [40 HeTrefy [0
32 Update Database Vaties | M6mum Vaid Temperature: 150 B[O
rel Squareness Factor: [BES e [2031

16 September 2022 www.motor-design.com
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Sumitomo SMC B41 ' Granta #4 K £

ADZ74

CONSVLETANTS

#8 Import Material Database - O X
Material Type Thermal | Specific Heat | Density | Resistivity | Temp. Coef . | Lamination Kh Kh Kh Keddy Kexc Kexc Alpha Alpha ~
Conductivity of Resistivity | Thickness | (Steinmetz)| (Bertotti Classical) | (Bertotti Maxwell) (Bertotti Classical) | (Bertotti Maxwell) | (Steinmetz) | (Bertotti Classical) | (Be
[ | units W/m/C Jkg/C | kg/m* | Ohmm
[ | Micrometals | 66 Mzterial Steel i i 6200 0.5 0 5 0.1 0.1 0.1 7.079 | 0.0010631899  0.0018624799 | 1.0924325 1.2521041
[ | Micrometals | 70 Material Steel 1} i} 7400 0.5 0 5 0.0468557 0.049046037 0.048824020 1E-7 6.3783316E-5 0.9324534E-5 | 2.0570971 1.9820241 (G TEST RELEASE ONLY - NOT VALIDATED ----- — [m] >
O | Micrometals | 8 Material Steel i i 6500 0.5 0 5 0.1 0.1 0.1 5.087 | 0.00087548237 = 0.0016192772 | 1.131776 1.3262971 Bsults Tools Licence Print Help
[ | Micrometals | M125 Material Steel i i 7700 0.5 i 5 0.0466896  0.045500353 0.045582817 | 1E7 | 7.0245108E-5 9.5223213E-5 | 1.7344002 1.8511834 | Output Date | {2 Graphs | 33 Senstivey | € Sotting |
[ |PMG | 52800 Steel i i 7000 10 i 5 0.1 0.1 0.083549279 | 2.022  0.0017891377 = 0.0021527161 | 1.5216064 1.9240691
[ MG | 53000 Steel i i 7000 10 i 5 0.1 0.1 0.090373151 | 2,170 0.0019156407 | 0.0021196626 & 1.512042 1.9455777
[ |pMG | S400b Steel i i 7000 10 i 5 0.1 0.1 0.078460958 | 2.053  0.001823507 0.0022918553 | 1.4821793 1.8012986 SBH| Steel Losses| Magnets| Blectical| Mechanicai]
[ |pMG | 5720 Steel i i 7000 10 i 5 0.1 0.049674941 0.1 1.804 | 0.0028016536 = 0.0017560312 | 1.4707484 2.6465067 2 poirt: B8 H | urva B| Incrementalurva B
[ |PMG | STestb Steel i i 7000 10 o 5 0.1 0.1 0.07784309 | 1.077  0.0017450808 | 0.0022393606  1.4962163 1.8046676 Zkalken X-Ads Scale
[ sintex | B7 Steel i i 7450 | 0.001 i 5 0.1 0.066656084 0.067688441 | 2.048 0.002360404 0.0021626949 | 1.5843499 2.0116706 pelete the selected points O Logarthmic @ Linear
O sintex | B7X Steel 0 0 7500 | 0.0007 i 5 0.0562431 | 0.017604187 0.03577057 | 3.003 0.0031787175 | 0.0025479262  1.8357595 3.1760455 ECEREE Flux Density vs Magnetic Field for Sumitomo SMC | HB2, 20°C
[ sintex | M7 Steal 0 0 7450 | 0.0004 0 5 0.0935959 0.05102864 0.06755147 | 2.672 0.0030042313 0.0020012655 | 1.7328156 2.3077099 a from clpboard 4_5 L
O |sintex | 510 Steel i i 7560 7ES i 5 0.1 0.06081615 0.078666565 | 3.160  0.0031683486 i 1.7628553 2.2466303 = Date Folrs 18 e
O | sintex | 57 Steel i i 7570 | 0.0002 i 5 0.0002634 | 0.073808043 0.072650440 | 2,164 0.002130552 0.0012497233 | 1.7035131 1.8000704 H 16 -
O |sintex | 57b Steel i i 7520 | 0.0006 i 5 0.1 0.075508965 0.06414864 | 2.180  0.0021862285 | 0.0021969771  1.6161737 1.8804588 Amps/m 34 A a
Surmitomo SMC | HBL, 20°C Steel 3 453 7500 | 0.00009 i i 0.1 0.003144087 0.080085907 | 1.075 | 0.00095366947 & 0.0012440173 | 1.6992429 1.7393471 L 135"535 3.2 P
Surmitomo SMC | HB2, 20°C Steel 37 440 7450 | 0.00085 0 i 0.0700351 | 0.056735423 0.05178212 | 1.089  0.0010925885 0.001241511 | 1.6969579 1.8631 255531 3 P
Surmitomo SMC | HB3, 20°C Steel k] 453 7500 | 0.00029 0 i 0.1 0.003304122 0.082274009 | 1.227  0.0010701167 | 0.0013205864 | 1.7605528 1.7944588 isj gig 2:
Surmitomo SMC | HFL, 20°C Steel k3] 434 7200 | 0.00952 0 i 0.1 0.1 0.1 3.144 | 0.00087289501 & 0.00065276534 | 1.5406612 2.7404348 508,547 ’
Surmitomo SMC | HF3, 20°C Steel 10 455 7250 | 0.4209 0 i 0.0074358 | 0.093963313 0.08892647 | 1E7 = 0.0001731877 | 0.0003452605  1.6964624 1.7244968 5:2;;3 = :
Surmitomo SMC | HX1, 20°C Steel 8.9 460 5900 | 0.0219 0 i 0.1 0.097055337 0.099126921 | 1E7 0.00013640398 = 0.00019396733  1.8827474 1.8614585 873786 E 2
surmitormo SMC | NM, 20°C Steel 23 464 7450 | 0.003341 0 i 0.1 0.1 0.1 7.120| 0.0012346151 = 0.0012190808 | 1.572055 2.0383101 ?ﬁg:m 18
¥ 1114.08 1.6
S 2 12413 1.4
Found 56 materials Import Selected Cancel g:gi 12
1395.5 1
NO30 UEE59% 148916 0
o |_tus |||,
POLYCOR 0.3% Si BH Curve Extrapolation o4
POSCO 27PN1350_HVH220_WRSM_V1 [ ] Enable Extrapolation
FOSCO 30PNX1450F 1000000 0.2
Siahl 7 1: o
:::B’ QA46_Sync_Haipin — F— ¢ soa.000 H[Amps,«r:]’m'wu 1,500,800
Sumitoma SKC | HR1 20°C hd
18 Seplember 2022 www.motor-design.com
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