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«  Vehicle performance (torque)
« Packaging (volume, aspect ratio)

»  Fuel economy (efficiency and weight) \
«  Durability (stress, demagnetization, temperature raise) T O

Traction Battery Pack

« NVH (normal and tangential forces, torque ripple)

« Cost (magnet/copper/steel content, inverter rating,

Battery (auxiliary)

type of winding...)

Reference: “Flectric Machine Design Approaches for Electrified Powertrains” , Ansys
Automotive Electrification 2018, by Franco Leonard),etc. Ford Motor Company
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[1] P. Vigayraghavan, R. Krishnan, “Noise in Electric Machines: A Review,” IEEE,1998
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Project Manager

& 3D Components
s Model
¥ Boundaries
4 Excitations
e Parameters
88 Mesh Operations
S Anzlysis
Optimetrics
Results
- W Field Overlays
B surfaceForce
B[ Definitions

Ex_MaxwellTransient_ Harmonic _Acoustic*

2D_Transient (Transient

B

L4}
]

B

Model
B3 Shests

Copy Ctrl+C
Paste Cirl+V

Convert to Full Access

Convert to Read Only

Solution Type...
List..

Validation Check...
Analyze All
Submit Job...

Edit Notes...
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3D Model Editor
Set Object Temperature...
Set Object Deformation...

oA
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FEN
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Message Manager

Ex_MaxwelTransiertt_ Harmonic
= (C-Aan/1est_files/dpall/global’.
=M 2D_Transient (Transient, XY
i\ 20 Transient: Sohic

4H 26, 2019)
‘§) Nomal completion of
(B3T1T T 48 2

= Normal completion of

I Enable Harmonic Force Calculation...

Translate Material Database ...
Create 3D Design..
Export Equivalent Circuit

Design Properties..

Design Datasets...

Enable Harmonic Force Dialog

Gerneral ‘Advanced Link to LMS

‘ Harmonic force calculation is enabled.

6 objects are selected.

F Object Name

|For(e Dependent ‘ ~

Rotor

i

K<<= =I=<IF

tooth

tooth_Separate1
tooth_Separate2
tooth_Separate3
tooth_Separate4
tooth_Separate5

Type: | [Object Based -

Object Based

Element Based (Surface)
Element Based (Volumetric)

12

i | ZEEA —



SRS (

Object Based )

. Time =30000000ns
EdgeForceDensit Speed =1500.000000rpm
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3 0.000404 -43.220493 -4 714850 -13.371770 -0.807910
4 0.000604 -55.300164 -4.180319 -14.038307 -0.524154
5 0.000804 -67.152720 -3.960709 -13.921081 -0.451801
3 0.001004 -79.922183 -4263132 -13.286849 -0.464727
7 0.001200 -95.284310 -3.783851 -12.8637820 -1.007827
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[——_Exprcache(ToothTipRadial_6)
250 T
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ST E (Element Based Surface )

Scenario: Study the effect of Rotor Eccentricity

« Casel: 0% Eccentricity = wm~&

* No misalignment

« Case 2:50% Eccentricity

= Eccentricity amount is setto 50% of gap width
» Creates unbalanced electromagnetic forces

T 20
Spesd 1500 000000r

Peak Edge Force Density 1.9e6 N/m?2
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2 G Engineering Data 2 G Engineering Data J
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Object vs. Element-Based “Angular Velocity” as variable Scaling the Source Frequency

Enable Harmonic Force Dialog s 2 Mation Setup x 3

Type | Dsta  Mechanicsl \

Name PhassA
Hamonic force calculation is disabled.

I Consider Mechanical Transient
1 object is selected.

Winding X

1

G |
Gemeral | Advanced | Link to LS | == |

Parameters
Angular Velocity: |Base_RPM - Type: [Corert ]  Soid & Standed

/ Object Name | Force Dependert | » P el
o L fssme: T P
| [Vag30 r T
| {oeream ; e
mEEs r
| - - Nomber of parallel branches: 2

Use Defautts
Type: [Object Based -

Cance = Corc

Scaling the Tend and Time-Step Adding Parametric Setup DesignXplorer Setup

4 Ganos | Save ikt | Advanced | Sciver | Exresson Cache | Defouts | 5 S i T | G| G| O | 6 Germ | e | Coitors | Goss | oo |
et = Brisodded Farametics Snate: [FaromerSenod 5
Name. [Getupt ¥ Enabied — = et s — -
— Sk iVt i | O] Vb [ Uria]
[} 0000 e
r .
N o
et r F ™ ]
| :
o Vs | 1 s st e it Votation | HEC a s rers ox Cancn
) * Embedded Parametrics Analysis
HPC and Anaiysis Options.

[0k ] come |
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1. BEEEDITRE | W8, &, A5RIgE , AE...
2. S NZEEREHIE T 3. BN Z RIS S 4. BEEEMIBEMA MR (per RPM)
(EFHorn%) mgE

W 1A U L T 382508

=R 1mported Remote Loads (44) Details of “Analysis Settings" fros
B Imported Remote Loads: Rpm Mumber 1 =I| Step Controls Ziamnes

I  7.3656¢-10
/Ha Group 1: Remote Force Multiple RPMs Yes w0 o we ww sw odV
/2 Group 1: Moment Number OF RPMs 10. s L
/Ta Group 2: Remote Force Current RPM Number 1.
Cios
/f% Group Z: Moment | RPM Value | 500. RPM H ‘
JD Imported Remote Loads: Rpm Number 2 | RPM Frequency Spacing | Linear Ez N
JD Imported Remote Loads: Rpm Number 3 | RPM Range Minimum |0. Hz WS = = AN 3
..... JD Imported Remote Loads: Rpm Number 4 | RPM Range Maximum | 1666.7 Hz Frequency (H2) W/
o T RPM Solution Intervals 75.
. < -|| Options
@ Project | N
i 3
5 &) Model (C4) [Salution Method | Mode Superposition 5. EEE RP Levellg?ﬁ
»/Q Geometry lIn(IudE Residual Vector No .
/)3\ Coordinate Systems Cluster Results No
'/@ Connections Store Results At All Frequencies | Yes o
& Mesh +| Rotordynamics Controls oo

/{3 Harmonic Response (C5)
,T_E:@ Pre-Stress/Modal (None)

v\ Analysis Settings
Ey4=2] Imported Load (A4)

3650.

3200,

2750,

Properties [Step 1 Step 2 Step 3| Step 4 | Step 5 | Step 6| Step 7 Step 8 Step 9 Step 10

/9, Surface Force Density @ 6000 rpm Step Controls =
/8, Surface Force Density @ 3750 rpm | RPM Value 500. | 1000. | 1500. | 2000, 2500. 3000. 3500. 4000. 4500. 5000 -
P | RPM Frequency Spacing Linear | Linear | Linear Linear Linear Linear Linear Linear Linear Linear
/W, Surface Force Density @ 9600 rpm | RPM Range Minimum 0. 0. 0. 0, 0. 0. | o ) 0. o
/&) Solution | RPM Range Maximum  1666.7 33333 5000. 6666.7 83333 10000 11667 13333 15000 16667
=-/@l So (ce) RPMSolution Intervals | 75. | 75. | 75. 75 75 | 75. | . 1. T5. | TS o
/(3] Solution Information Options
Cluster Results Off | Off  Off  Off Off  Off Off Off Off Off .

2222 16667 3511 0156 650, £3445 10009 11673 13338 15002 16667
Frequency [Hz]
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Model (C4)
@ Geometry
/8 Materials
v+ Coordinate Systems
/5 Connections
+@ Mesh
& Named Selections
J
v T-0 Pre-Stress/Modal (None)
/] Analysis Settings
JQ Acoustics Region
(@ Radiation Boundar
B ,/E Imported Load (B6)
&3 Imported Velocity
&3 Imported Velocity 2
& 9 Imported Velocity 3
&9+ Imported Velodity 4
& 3 Imported Velocity 5

-3+ Imported Velocity 6
R )
| n Informason
I Far-field Sound Power Level Waterfall Diagram
/% Sound Pressure Level
/& Far-field SPL
/i~ Frequency Response

=

RPM Value (radfs)

/I Far-field Sound Power Level Waterfall Diagram

v s

Frequency (Ha)

v 2 Sound Pressure Level

/& Far-field SPL
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i~ Frequency Response
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* Object based 5 Element based gLt
2D object vs 3D element
2D object vs 2D element
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* E R TR ORISR
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2D object based = 3D element based
« Xtk Maxwell 2D object-based #1 Maxwell 3D element-
based 5=
« #EMechanicalh{ERERAI3DIRELFISITIRE
« EESHER—H , EESTTEREGRMER
o XFZEA, RETHERINER BEEREEESE , ot STUERE

e T—
s £ 3675¢-8 ]
§ 1azste -8 3 ‘v;5‘5°'5
| bl F 3 | s i 9
I i
7.3656¢-10 3,9257¢-10
400. 1000, 1500. 2000, 2500, 300 V 400. 1000. 2000. 3000, 40
Frequency (Hz) Frequency (Hz)
h d o1 o

.......

Phase Angle (‘)
ih b3
< q
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g °8
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B K
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RPM Valuc (RPM)

[4B]

2D object based vs 2D element based

« XJEE Maxwell 2D object-based #1 Maxwell 2D element-based 5=
« fEMechanicalf{FEAEBRI3DREFISITIRE
« DITERELR—E , &= KERP Level 1HZE1dB

« WFIZEG , REEHERER BAREEEER |, ot S TUERER

6000, - 6000
1 “_
o 1332 : 54375, | 8
8 .;s‘sz =
— ) e % - 4875, )
i / 3 oY
3125, L 7083 —c' 5 E 3128 f
<
3 s6664 4
50 N =] g L Y
I s B 3
f 4 % >
1875, i 3 = FEEELIE E 31875
75/ & =
7 14166 o
625 2 o 6 - 2625,
2 g
s m. s
1500. L 1500.
L il

100. 32375 6375. 95125

12650 15788 183925 22063 I

RPM Value (RPM)
" 2 w &
g 0w 2
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Object-Based 5 Element-Based Ei%HUER

1. TEFEHRZ , BRRHERRESRAMaxwell 2D Object-Based /5T
2. LENSHEREZNAT , BiSEAMaxwell 3D Element-Based =it R
1, TEESHIR R DR = E S ettt
- EFFE. BPEERRR. VRIR. zigzagRith
« HERLIEEEN]
3. HHETETFEEIRON , BiEEBMaxwell 2D Element-Based 51t
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* Object based 5 Element based XJtt,
* ELFHEZMI
Maxwell 3D model element based
- WHCRHESBEEDITE
- 2020R1EFINAE : EF —4Emulti-slicetEBRIERRIA-EIH N FEBEIFE S
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Axial Skew Z=fl W

- Axial Skew FISTHIENR
Continuous skew 5B, HE&FEERIE
Step skew HFERRIR
VERIR. zigzaghhk

« Skew LSEGHRAFERYS | BHRKEFHHFEMENIXHEIR

| e— X
) — %
0
R —
i
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EFEEESE3D Element-based

. SERIFEESZARE 3D Element-based
- TIXRAEHEEHETEE

B 72 mnm(m
WM)

Insert

75 Solution (B8]
# sk T @ createsurface orce persites and sync analysis senings

* | [ERHPCENmEKAR

B ,/. Harmonic Response (B5)

wT=0 Pre-Stress/Modal (Mone)

------- v IZEH Analysis Settings

&, {5} Imported Load (A4)

‘/'3. Surface Force Density
‘(ﬂ. Surface Force Density 2
‘/'3. Surface Force Density 3
‘(ﬂ. Surface Force Density 4
‘/'3. Surface Force Density 5
‘(ﬂ. Surface Force Density &
‘/'3. Surface Force Density 7
‘/'3. Surface Force Density 8
‘/'3. Surface Force Density 9
‘/'3. Surface Force Density 10
------- B, Fised Support

ZECIRFEHE D

SNEBHT]

3D stator skew model

L} amy.\w e

Trorce bependen |

L e i i e e

TP [Gement s (uroce) 7]

=L e

BEHEHS

([ rmmatesets )

Machines | Job Distribution | Options |
Machines for Distributed Analysis.
Total Enabled Tasks: 1 Total Enabled Cores: 10
o

Name | | Tasks | Cores | GPus | Enabled | |

localhost | 1 10 0 90

RAM Limit (%) ] i
] F |

HPC settings
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RPM Value (RPM)

3D#EEF VS 3DEEEF ( both Element based ) ERP Level

s

FHEET , 6000rpm@4800hz ( 12fn ) E(E/994.7dB

uers

8

Equivalent Radiated Power Level (dB)
& B W £l

BB

gt

Frequency (W)

— iated Power

Level

7\

mmmmmmmmmm

RPM Valuc (RPM)

4

EF , 6000rpm@4800hz ( 12fn ) iE&998.6d

BE

N\

8

Equivalent Radiatcd Power Level (dB)
& e o #

F3]

5
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HF —#risniggmpiiamulti-sliceiX MR B DES

«  IBi$2D multi-slicet& B B =4
« ¢ Object based BB HiHE

.« ERRIBHNERTEEE TR =4S RERE
5;;1‘)? ( ST RBE R T BRI —ERIEDT
TI8E

Project Manager
= test_project_from_CADFEM 2
£-3] Maxwell2DDesign3 (Transient, XY)

----- é 3D Components

= List...
- £ Bour Assign Material...
[i]-#5d Excci

& Parz Motion Setup

E
- Ana Set Model Depth...
=B 00t 5t ey Model
-2 Resti.

Elﬁ Field Overlays

u ]

-8 MeshPlots

! B

b8 Mes Set Symmetry Multiplier...

v
Model Depth: ~ [.1 jmeter |
~ Skew Model
[V Use Skew Model
Skew Type: " Continuous (% Step
Skew Angle: [375 [tes =]
No. of Slices: 4
Plot Fieldon Sice: |1 ~l
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Best Practi
st Practice W

* Object based 5 Element based %3tk

* EFRHESEA

* B ERFIREED

- % Maxwell 2D design BBRSNIBIHRER
- EEFHERRY Maxwell 3D design S\ IEIRRAELR
* EREE TR ORI
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Z /™ Maxwell 2D designmBEEHSNIENRHEIR

. BPMNERFOBMMN— Maxwell 2D design
© BERBTDBRBRE
«  IBRARIRS SRS NS HER

(] Maowel 20
Type Data |Mechanical|

2 | & Geometry v
3 Setup v
Initial [3.75deg-2.5deg| =] P s 7
Naritlimm. Y
stepl \'ﬂl
\
|
I‘I
- D |
Type Data |Mechanica|| 1 [ | ‘ '
2 | & Geometry v \ 2 g Engineering Data s 4 B -/ Harmonic RQSW/M ‘se(’(\:)s))
\ B -0 Pre-Stress/Modal (None]
i 3 & sew v |3 | Geometr v oy
!:\Itl.al' |3.75! |;jeg LI etup ".‘ BBl Geometry 4 /I Analysis Settings
S 4 |ﬂ Solution F .\ |4 @ Model v P F"‘Edﬁﬁﬂ.'t
step23 \“}?0 5 @ sewp - =, @ Imported Remote Loads (C4)
| 16 |@8 solution v ,G Imported Remote Loads: RPM Number 1
[ 7 @ Resuts 7, ) Imported Remote Loads: RPM Number 2

5 Imported Remote Loads: RPM Number 3
5 Imported Remote Loads: RPM Number 4
,/ﬂ Imported Remote Loads: RPM Number 5
) Imported Remote Loads: RPM Number 6
5 Imported Remote Loads: RPM Number 7
,/D Imported Remote Loads: RPM Number 8
) Imported Remote Loads: RPM Number 9
5 Imported Remote Loads: RPM Number 10
-~ & Imported Remote Loads (D4)

Y/ Imported Remote Loads (G4)

| Harmonic Response

Type Data | Mechanical |

5-H5-E5-0-8-80-8-8-88

Initial |3.75deg +2.5deg| LI

Nmritinm,

w6
99

4 | fF solution

stepd
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/N & )\ kb
Z/"Maxwell 2D designEBEISN\IEIIRHELR W

«  EFHIADEREE
«  HNBFEXTEFcreate named selection

- EFHESEBRSANERS] ( Object or Element based )

= Jﬂ Harmonic Response (B5)
i 410 Pre-Stress/Modal (None)
- 4HH] Analysis Settings
~+® Fixed Support
-5 Imported Load (A4)
-5 Imported Load (C4)
- /55 Imported Load (D4)

=
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Equivalent Radiated Power Level (dB)
E & § & L

Z/"Maxwell 2D design vs —{*Maxwell 3D design

. FMGEEREA—H , EE—CEER

o AEFIBHIZFLLEN | ImEEENBEE , Maxwell 3DAT AT ARRY
= Vib ==yl

«  Multi-slice 2D A ZRAI B EAEITERIR

Multi-slice Maxwel

2D to 3D

1088822
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