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1B, ERARRIREI e A/

Qe
A\ Model Buld | {1} Calcuiation | @ Bectromagnetic | & Themal | 1 Duty Cycle | 2/ Operating Point | (E) Generator | @ Caibration | € Settings | xm‘]ym-
@ Model Options | 3 Loss Model | Model Status:
Model Build Date Method Max Current
Saturation Model: Machine Parameters:
Model Type: Pole Number: |8 ' . | Apeak)
Fixed Induct Model — Saturation

O anes Slot Number: |48

(O Saturation Model (Single Step) Winding Connection: E— Ion Loes

(®) Saturation Model (Full Cycle) Star Connection (default |

Delta Connection AC Loss

Model Resolution |

(O Coarse (15 points) Magnet Loss

(®) Fine (30 points) Fixed Inductance Model-

O Custom 6593

Custom Model Resolution:

: el Model Build:

. Short-Circuit Current (lsc): |378 Parameters: Build

a Maximum speed: [1Ea | [ Saturation Model
o Saturation Model: ) )

Loss Model
r 1 Max stator cument (Peak): M
Curve Fit Goodness (%): .[l | ax siator (Peak)

Max stator cument (RMS): (1061
Loss Model: L

Model Type: 12

(O Neglect

(®) FEA Map (recommended)

(O Custom Build Model

Cancel Model Build
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1. EeBHERFH. HEiRpBRRFEITRIRE (5\7 4

A Model Buid | }f} Calculation | @ Bectromagnetic | § Themal | 1 Duty Cycle | ZZ| Operating Point | (] Generator | @ Calbration | € Settings | anﬁ
@ Model Options | 38 Loss Model | Model Status: v
Model Build Date Method | Max Cumrent
Saturation Model: Machine Parameters:
Model Type: Pole Number: 8 . 1 [ roear—
Fixed Inductance Model — 1 2114:29 ints full 43
O St Nurber: |48 Saturation 308- ;ndp: s 0
Saturation Model (Si St __— ] - [ T T
O on Model (Single Step) Winding Connection: ion Loss 1308211423 | FEA Map 30 430
@ Saturation Model (Full Cycle) Star Connection (default | | points
Delta Connection AC Loss
Model Resolution: | | | ]
(O Coarse (15 points) Magnet Loss 13-08-21 14:29 FEA Map 30 430
points
@ Fine (20 points) Fixed Inductance Model- -
O Custom 56.58
—
Custom Model Resolution: ——
6 £ | Model Build:
. Short-Circuit Current (Isc): 333 Parameters: Build
Maximum speed: |1E4 [ Saturation Model
- Saturation Model- ) i
Max stator cument (Peak): |480 Loss Model

Curve Fit Goodness (%): |99.02 _
; Max stator curent (RMS): | 3394
Loss Model: -
Model Type: 12
O Neglect

(®) FEA Map frecommended)

O Custom Build Model

Cancel Model Build
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1. ERBHEEIFH. HEiRrBRIRFEITRIRE

@ Geometry | [JWindng (4 input Data | i1} Calculation
gy Materisls €Y Seftings | 4 Material database |
@Gem | @ E-Magnetics ] $i1t Calculation | £ Graph

3 General |@Bearings # AC Winding |
AC Winding Losses:

AC Winding Losses:
AC Winding Loss Model:

() None (default)
(O Hybrid FEA
(®) Full FEA
Bundle Dimensions:
[ Include Bundle Effect
Bundle Aspect ratio:
Hybrid Model:

Adjustment Factor:

@ Model Options | # Loss Model |

Stator Copper Loss:
Calculation Type:

DC Only

le point

DC + AC (FEA Map

DC Resistance / Phase: |0.01338 J

AC Loss Model:

Reference Speed:
Frequency Scaling:

Iron Loss:
Calculation Type:

Neglect

FEA Map

OC + SC Model:

Hysteresis: 0 0
Eddy: 0 0

Solid Rotor Loss:

FEA Loss Maps:

Reference Speed:

Magnet Loss:
Calculation Type:
Neglect

User-Defined Model:

Speed Scaling Coefficient:

&nn

Sleeve Loss:

Calculation Type:
Neglect

FEA Map

Banding Loss:

Calculation Type:
Neglect

FEA Map

A\ Model Buid | {1} Calcuiation | @ Bectromagnetic | £ Themal | 1E Duty Cycle | 22| Operating Point | (&) Generator | @ Caibration | €Y Settings |

@

Model Status:
Model Build Date Method | Max Current
A (peak)

| Saturation 1308-2114:42 |30 points ful 480

P 0 0 0 0 | oce @ —

Iron Loss 13-08-21 14:42 FEA Map 30 480

! — pom! -

AC Loss 13-08-21 14:42 FEA Map 30 480
- points

Magnet Loss 13-08-21 14:42 FEA Map 30 480

) points

Model Build:

Parameters: Build:

Maximum speed: [1E4 |

Max stator curent (Peak): (480 |
Max stator curent (RMS): 3394 |

12

Cancel Model Build

[ Saturation Model
[ Loss Model
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2. BEMIERENX, BEHMNEECEISE

A\ Model Buid  }l} Calcuiation | @ Bectromagnetic | £ Themal | 1E Duty Cycle | ZZ] Operating Point | () Generator | @ Calibration | €3 Settings |

I % Custom Losses |
Drive: Losses: Scaling:

iron Loss Buid Factors: :
DC Bus Vokage: e Gt
| | Stator Rotor: Model buld reference: [6 |
Maximum Modulation Index: cresic: |1

1
Operating Mode: Resistance reference: D
Magnet Loss Build Factor:
@ Motor agn - -actor: I:J Caleuiation D

Mechanical Loss:
O Generator Calculation Type:
(O Motor / Generator (@ Neglect Stator Winding Temperature:
Control Strategy: O User Defined Reference temperature: :
(® Maximum Torque/Amp

(O Maximum Efficiency Frict 0 Calculation temperature:

(O Constant Phase Advance =0 Friction Loss Exponent: |1
() User Defined Temp. Coeff. Resistivity:

AC Loss Temperature Scaling:
Speed Phase Advance e e

0 0 gE : ent: |2 Reference temperature: E
]:_: : 500 Temperature Exponent:

Magnet Temperature:
.DCC e Reference temperature: E
urrent Limit:
(®) None Calculation temperature: El
Curment Limit
O Magnet Fux Cosficert
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3. HIE-HHIEIEMAPE. niE. TREEFHITHEITE

M\ Model Build | }}]{ Calculation @ Blectromagnetic | & Themal | I Duty Cycle | 22| Operating Point | (2] Generator | @ Calibration | €Y Settings |
Calculation:
Calculation Type:

Options:
(] Smooth Map
[] Power Limit

Speed:
Maximum:
Step
Minimum:

Current:

Maximum (Peak):

Maximum (RMS)

No. of Increments:

Minimum (Peak):

Minimum (RMS)

Torgue:

1E4

:‘5@

Calculation Status:

13-08-21 14:44.07: Bectromagnetic calculation
completed with Ismax =480.0A cument steps = 12
Maximum speed = 10000.0pm

Calculate Emagnetic Performance

Cancel Calculation

Load Results Viewer
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3. HIE-HHIEIEMAPE. niE. TREEFHITHEITE

Shaft Torque (Nm)

Efficiency Map Data:

Efficiency Above 97.0%
Efficiency Above 96.0%
Efficiency Above 95.0%
Efficiency Above 94.0%
Efficiency Above 93.0%
Efficiency Above 92.0%
Efficiency Above 91.0%
Efficiency Above 90.0%
Efficiency Above 89.0%
Efficiency Above 88.0%
Efficiency Above 87.0%
Efficiency Above 86.0%
Efficiency Above 85.0%
Efficiency Above 84.0%
Efficiency Above 83.0%

Efficiency Above 98.0%
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Shaft Power (W)
o
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Contour Mode

g Graphing

Speed
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Qe
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250 T T T T T
| Graphing 2= Data ¥ Graph Settings [Z+ Export Settings | inalysis
200 - — Ity Cycle Data
Value
150 .
Average Efficiency (Energy Use) (%) 95.81
100 L Average Efficiency (Point by Point) (%) 92.89
g Electrical Input Energy (Wh) 2303.39
g 50 - Shaft Motoring Energy (Wh) 2207.11
E 0 | Electrical Output (Recovered) Energy (Wh)  719.13
E Shaft Generating Energy (Wh) 750.77
7]
50 F Total Loss (Wh) 127.93
Copper Loss (Wh) 61.70
oo Iron Loss (Wh) 66.20
—150 L Magnet Loss (Wh) 0.03
Mechanical Loss (Wh) 0.00
=200 | | | | |
0 100 200 300 400 500 600
Time (secs)
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SATRERBETFHE. HEXTHENEX

| 205

Qe
A\ Model Buid | {} Calculation | @ Blectromagnetic | J Themal | 1 Duty Cycle |Z] Operating Point | (&) Generator | @ Cabration | € Settings | AN E=S
Calculation: v
Input: Linkage Options:
g)eﬁrﬂion: Speed: Lab + Themal Coupling: Calculate Operating Point
Torque ® No coupling (defaut)
(O Maximum Cument Torque:
(O Maximum Temperature - O Losses — Themal
(O Cument/Phase Advance 2\ (O kerate to Converged Solution Cancel Calculation
Maximum Curents: Maximum Temperatures: Lab « E-Magnetic Coupling
t 150 / 160 (O No coupling (defautt)
106.1 140 (®) Operating Point — E-Magnetic
6 Change Themal Settings
Variable Value Units Variable Value Units
Shaft Speed 6000 pm Total Loss 1779 Watts
Shaft Torque 100 Nm Stator Copper Loss 1202 Watts
Shaft Power 6.283E004 Watts DC Stator Copper Loss 7446 Watts
Hficiency 97 25 AC Stator Copper Loss 4575 Watts
Stator Phase Cument (peak) 1926 Amps Iron Loss 577 Watts
Stator Line Current (peak) 1926 Amps Magnet Loss 0315 Watts
DC Terminal Cumrent 1615 Amps Mechanical Loss 0 Watts
Phase Voltage (peak) 2309 Volts —_
Line Voltage (peak) 400 Volts Blectromagnetic Power 6.345E004 Watts
Phase Advance 44 87 EDeg Electromagnetic Torque 1M Nm
— Magnet Torgue 62.04 Nm
Flux Linkage D 457 mVs Reluctance Torque 38.95 Nm
Flux Linkage Q 7792 mVs Teminal Power 6.461E004 Watts
Magnet Flux Linkage 75.74 mVs Power Factor 0.9682
D axis Inductance 0.2209 mH
Q axis Inductance 05708 mH |
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SATRERBETFHE. HEXTHENEX

@ Geometry | [JWindng | (4 input Data  {{ff Calculation | 2 E-Magnetics | ==/ Output Data | [2% Graphs | 5 Senstivity | € Scrpting |

Drive:
o
Line Cument Definition:
(@) Peak
O RMS
(O RMS Curent Density

Peak Curmery: |1926
RMS Cumrent:

]

RMS Curmrent Density:

DC Bus Voltage:

S

Phase Advance |elec deg]: 87
Drive:

Drive Type:

(®) Defined Cuments (Default)

(O Calculated Currents

Drive Mode:

® Sine

Square
(O Custom

Passive Generator

Winding Connection:
(®) Star Connection (default)
(O Delta Connection

Magnetisation:

@ Paralel

O Radial

(O Halbach Continuous Ring Aray
(O Halbach Sinusoidal Aray

Temperatures:
Amature Winding Temperature: El
Magnet Temperature: D

Temperature: |20

e

Fal)

1

20

En
20

st Temse: [
20

emperature: |20

E-Magnetic +» Thermal Coupling:
E-Magnetic + Themal Coupling:
(® No coupling (default)
() E-Magnetic Losses — Themal
(O E-Magnetic «— Thermal Temperatures
(O terate to Converged Solution

Skew:
Skew Type:
(®) None (defautt)
(O Stator e 1
(O Rotor

o

Pesformance Tests:
Single operating points:

Open Circuit
Q axis cument only
On Load
Open Circuit:
[[]Back EMF
[[]Cogging Torque
[[] Blectromagnetic Forces

(ol pad

[[] Torque Speed Curve
[[] Demagnetization
[] Blectromagnetic Forces

Parameters:
[[] Se¥f and Mutual Inductances

Transient:
[] Sudden short-circuit

Solve E-Magnetic Model

Cancel Solving

S
J

®
b

A
<E
;

Variable Value ‘ Units ~
Maximum torque possible (DQ) 110.65 Nm
(For Phase Advance of 29.39 EDeg)
Average torque (virtual work) 102.41 Nm
Average torque {loop torque) 101.75 Nm
Torque Ripple (MsVw) 18.756 Nm
Torque Ripple (MsVw) [%] 1841 %
Speed limit for constant torque 5940.1 mm
(For Phase Advance of 44.87 EDeg)
No load speed 73471 pm
Speed limit for zero q axis cument INF pm
Blectromagnetic Power 64011 Watts
Operating point near voltage limit
Input Power 65213 Watts
Total Losses (on load) 17786 Watts
Output Power 63434 Watts
Operating point near voltage limit.
Sysem Efcincy
Shaft Torque Nm
Power Factor [Waveform] §agging) 0.96675
Power Factor Angle [Waveform] 14817 EDeg
Power Factor [THD] 0.91473
Power Factor [Phasor] (agging) 0.96593
Power Factor Angle [Phasor] 15 EDeg
Load Angle [Phasor] 59,687 EDeg
Phase Teminal Voltage (ms) [Phasor] 164.93 Volts

i | ZEEA —



6.LabfIiRitRES

;,f\jlg

A=

A\ Model Build | }}lf Calculation | @ Bectromagnetic | § Themal 1T Duty Cycle IE_E]Operatthoir‘l | (%) Generator | @ Calibration | €Y Settings |

HtfColedaton | Duty Cycle Defitn |

Duty Cycle:
Duty Cycle Type: Themal Transient Coupling: Duty Cycle Data:
() Custom Duty Cycle () No coupling (default) My ycles: [1
i i Lo — Themal
© Aomtes Dive Oyck (@ Losses = Tremal Transent Durtion:
Automtive Drive Cycle: () Coupled Transient Solution
| Number of Points:
usoe v
RMS Torgue:
RMS Torque pu:
——
Vehicle Model:

Mass:

Rolling Resistance Coefficient:
-
Generating Torque Ratio: D

Frontal Area (m3: Wheel Radius m):
Drag Coefficient: Mass Comection Factor:
Gear Ratio: Motoring Torque Ratio: I:l

Max. Torque: [] 500 Max. Speed: [] 2E4

Calculation Status:

13-08-21 18:02:47: duty cycle calculation
completed

Calculate Duty Cycle Perfformance

Cancel Calculation

Transfer Duty Cycle Losses To Themal Model

Load Results Viewer

i | ZEEA —



SATRERBETFHE. HEXTHENEX

@ Geometry | [JWinding | 4 input Dats  Hflf Calculation | £ Temperatures | 22 Outout Data | |2 Transient Graph |

HiffCalcuiation |12 Transient | 1 Duty Cycle |

Calculation: Mode! Options:
6000 Model Size:
(® Full mode! (defaut)
Calculation Type:
() Steady State (O Reduced node model
(@ Transient Model Type:
(® 3D model (default)
Details:
() 2D mode! for FEA calibration
Loss Source
Losses from
Duty Cycle table @ State ing-

E-Magnetic «+ Themal Coupling
No coupling (default]

to Converged Solution

terat

Lab + Themmal Coupling:
No coupling (default

Lab Losses — Thermal

Solve Thermal Model

lterate to Converged Solution

E-Magnetic Losses — Themal

E-Magnetic +— Themmal Temperatures

O Geometry | [JWinding | 4 input Data  {}{} Calculation }E Temperatures | ZZ| Output Data | |24 Transient Graph | £ Sensti

il Calcuiation |2 Transient | 1 Duty Cycie |
Transient Calculation Data:
Transient Calculation Type:
©) Simple Transient Point Storage Reduction
(®) Duty-Cycle Analysis

Simple Transient: Duty Cycle:

140 Number of Cycles: _
0 Transient Duration:
Number of Points:

1

@
]

Transient Definition 0.06667

er : fined Losses Average Speed:

Transient Start Point:
Initial Transient Temperatures:
(®) Ambient Temperature (default)
(O Steady State Temperatures
(O Previous Transient Temperatures {f same network)
(©) Whole machine at specified temperature
(©) Machine components at specified temperatures

3\_7 19
Kﬂl‘lyﬁ

Transient End Point-
End Point Definition:
(®) Fixed Duration (defavit)
() Stable Temperatures
OT&mpeﬂure Limit

Temperature Limit:
Amature Winding Temperature 180
Bearing Temperature 180
Encoder Temperature 180

Transient Data Notes:
‘ US06 Drive Cycle

i | ZEEA —



6.LabTAiTHIES A/ =

aliaa
O Geometry | [JWindng | [ nput Data ]} Caleudation ]E Temperatures | 25 Output Data | |22 Transient Graph | £ Senstivty | € Scripting | NN EX
i Calculation | |2 Transiert 1E Duty Cycle | v
Duty Cycle Data:
© Armature CopperLoss & Armature Copper Loss AC # StatorBacklronLoss < Stator Tooth Loss @ MagnetLoss ¥ RotorBackIron Loss

- X MagnetPoleLoss #* FrontBearing Loss © Rear Bearing Loss & Windage Loss — Windage ExtFan Loss

3

S

4

b

3

¥ 8000
g 6000
= E 4000
& 2000
0
0 50 100 150 200 250 300 350 400 450 500 5580
Time [secs]
Period @ Bapsed Time Points | Armature | Amalure | Stator Stator | Magnet Rotor Embedde | Fricti Fricti Wind. Wind. Shaft ~
Time Copper | Copper Back Tooth Back |d Magnet Front Rear Exterior | Speed
DC AC Iron Iron Pole Bearing = Bearing Fan [Start]

Units | secs secs [© 1| Watts [*]| Watts ]| Watts [*]| Watts [*]] Watts (]| Watts [*]| Watts [*]| Watts [*]] Watts [*]| Watts ]| Watts [* mpm_ =

1 1 1 1 0 0 0 0 0 0 0 | 0 | 0 | 0 | 0 0

2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0

3 3 1 1 0 0 0 0 0 0 | 0 0 0 0 0 0

4 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0

3 5 1 1 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 0 0 0 0

6 6 1 1 8.662 |0.0001829| 0.1558 0.1746 0 0.0006832 | 0.0179 0 0 0 0 0

7 7 1 1 2837 | 0004677 | 0.7404 | 0.902 | 1.45E-05 | 0.003058 | 0.08%03 | 0 0 0 0 2259 |

8 8 1 1 2065 0.01729 1.464 1.748 5.301E-05 | 0.005983 | 01741 0 0 0 0 79.07 v

< >
Duty Cycle Control:
Duty Cycle Definition: Duty Cycle Input Type: . Extemnal Duty Cycle Data:
Add Period 8anque - Speed Opu @ Value ° Fie: |No File Selected
Loss - Speed
S O Cums?speed Drive During Period: DC Bus Voltage: Load Data Save Data Clear Data
ve () Vehicle Speed Fixed Variable Fixed Variable [ Save Duty Cycle Datain mot file

i | ZEEA —



6.Labfit EIEE A/ =

aliaa
O Geometry | [JWindng | [ nput Data ]} Caleudation ]E Temperatures | 25 Output Data | |22 Transient Graph | £ Senstivty | € Scripting | NN EX
i Calculation | |2 Transiert 1E Duty Cycle | v
Duty Cycle Data:
© Armature CopperLoss & Armature Copper Loss AC # StatorBacklronLoss < Stator Tooth Loss @ MagnetLoss ¥ RotorBackIron Loss

- X MagnetPoleLoss #* FrontBearing Loss © Rear Bearing Loss & Windage Loss — Windage ExtFan Loss

3

S

4

b

3

¥ 8000
g 6000
= E 4000
& 2000
0
0 50 100 150 200 250 300 350 400 450 500 5580
Time [secs]
Period @ Bapsed Time Points | Armature | Amalure | Stator Stator | Magnet Rotor Embedde | Fricti Fricti Wind. Wind. Shaft ~
Time Copper | Copper Back Tooth Back |d Magnet Front Rear Exterior | Speed
DC AC Iron Iron Pole Bearing = Bearing Fan [Start]

Units | secs secs [© 1| Watts [*]| Watts ]| Watts [*]| Watts [*]] Watts (]| Watts [*]| Watts [*]| Watts [*]] Watts [*]| Watts ]| Watts [* mpm_ =

1 1 1 1 0 0 0 0 0 0 0 | 0 | 0 | 0 | 0 0

2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0

3 3 1 1 0 0 0 0 0 0 | 0 0 0 0 0 0

4 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0

3 5 1 1 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 0 0 0 0

6 6 1 1 8.662 |0.0001829| 0.1558 0.1746 0 0.0006832 | 0.0179 0 0 0 0 0

7 7 1 1 2837 | 0004677 | 0.7404 | 0.902 | 1.45E-05 | 0.003058 | 0.08%03 | 0 0 0 0 2259 |

8 8 1 1 2065 0.01729 1.464 1.748 5.301E-05 | 0.005983 | 01741 0 0 0 0 79.07 v

< >
Duty Cycle Control:
Duty Cycle Definition: Duty Cycle Input Type: . Extemnal Duty Cycle Data:
Add Period 8anque - Speed Opu @ Value ° Fie: |No File Selected
Loss - Speed
S O Cums?speed Drive During Period: DC Bus Voltage: Load Data Save Data Clear Data
ve () Vehicle Speed Fixed Variable Fixed Variable [ Save Duty Cycle Datain mot file
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6.LabfIiRitRES
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768
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Housing [Active]
Housing OH [Front]
Housing [Front]
Endcap [Front]
Housing OH [Rear]
Housing [Rear]
Endcap [Rear]
Stator Back Iron
Stator Surface
Rotor Surface
Magnet

Rotor Back Iron
Shaft [Active]

Shaft [Front]

Shaft [Rear]

Shaft OHang [F]
Shaft OHang [R]
End Space [F]

End Space [R]
Embedded Magnet Pole
Bearing [Front]
Bearing [Rear]
Rotor Lam [F]
Rotor Lam [R]
Magnet [F]

Magnet [R]
Armature Copper(Total) o
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Temperature [“C]

Thermal Transient

596 118.2 178.8 2384 298 3576 417.2 476.8 536.4 596
Time [secs]

EURC U U U U U U U U U U U U U U U U U

OB oA X+ AR PD O XX+ a8 OB ¢ X

Ambient

Housing [Active]
Housing OH [Front]
Housing [Front]
Endcap [Front]
Housing OH [Rear]
Housing [Rear]
Endcap [Rear]
Stator Back Iron
Stator Surface
Rotor Surface
Magnet

Rotor Back Iron
Shaft [Active]

Shaft [Front]

Shaft [Rear]

Shaft OHang [F]
Shaft OHang [R]
End Space [F]

End Space [R]

Embedded Magnet Pole

Bearing [Front]
Bearing [Rear]
Rotor Lam [F]
Rotor Lam [R]
Magnet [F]
Magnet [R]
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