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ANSYS Standard workflow

B IRTIFFE DV | E.D.A inside ANSYS

ANSYS Multidiscipline Optimization
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2D case: [F,,q,FianM,], 3D case: [F,.q,Fian,F2 Mg, Migrn, M.
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¢ FEA (Finite Element Analysis) g
¢ BEA (Boundary Element Analysis) é w
¢ IFEM (Infinite Finite Element il

Method) | L P
& PML (Perfectly Matched Layers) Low ! [ wign z)
¢ AML (Automatically Matched

Layers)

| |
%

Hybrid FEA, SEA/EFEA, BEA

—_
=

B 5
& SEA (Statistical Energy Analysis)
& EFEA (Energy Finite Element AM
Method)
& EBEA (Energy Boundary Element -

Method)
& EFEA-SEA hybrid method l
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8[| Maxwell 2D

2 & Geometry v — —a2 ) Geometry +

3 [@® Setup v
4 @ soluton v~

SynRM

EM Model

Geometry

Y
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——ANSYS Standard Workflow

- L A D

A T

? @& Engineering Data v ,———=a2 & Engineering Data
~m 3 ) Geometry v ,——=a3 (i) Geometry v, 6123208
4 @ Model v =4 @ Model v, ziz7ses ||
5 a Setup v 4 5 a Setup v 4 g?.}?lza—i R
2 N _'_/ 2 N = 2.567%e-3
6§ Solution v o, 6 4 Solution v, 39_;?1!&10 1 },\. 1 .
7 @ Results v . 7 |@ Results v . B resreo v b \ / \
= = \ y\-" \.‘ﬁ
Modal Harmaonic Response Li7a%e-10 '||F,1 j\N’\\J
274EeL ¥ !
- fani
L “-1-:' 2500, 00, 7300, 10000 12500 12400
Frequency (Hz)

' Mechanical Model
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FEAESEREIREL E |, BISFFTAR RS |, SHTRETIRMSHT  SRSRRIMARS, , M TR FE DT,
Magnetic Field

Structural Dynamics
Acoustic Field

S Modal (None)

il =
i
E= ‘
| Forces - - J
| Displacements ) Ay )
- A -
] [~ FemoesReeone ]
2 | & Geometry 2 & engneering Data 7 3 § < ’ —
3 @ setwp o 3 @D Geometry - e
4 fF souon v @ Model | -1
Maxwek3000sions & setup v 33 & |
6 @i soktion =i M\ !
7 @ Results » A GO l iy
Harmonk Response b N\
A oo wnd Loads = B Wy Conditions + @ hendts @ -
[ r—— L A .
Pt sty Connttionn = @ bonis = JE) Harmonic Response (AS) &0
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» RMxprt: IPM Motor Type
» Maxwell: 2D Transient

» Structural: 3D Harmonic
» Acoustics ACT

Internal Permanent

Machine Type Magnet Adjustable
Speed Motor
Rated Output Power 550W
Rated Voltage 220V DC bus
Number of Poles 4
Stator Teeth 24
Rated Speed 1500rpm
1 1 !
) = I‘—.T..—.
] i I 1 T T 1
' OF OF 07 67 07 OF
||| | ¢=0=9-0-0-0:
) -

Q(&lz
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\"4
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> Stator

Slot

Name Value Unit Name Value Unit
Numberof Poles 4 Auto Design I
Numberof Slots 24 Parallel Tooth r
Circuit Type Y3 Hs0 05 mm
Slot Type 2 Hs1 1 mm (
Position Control r Hs2 82 mm
Bs0 25 mm
Bsi 56 mm
Bs2 76 mm
» Core Circuit
Name Value Unit Name Value Unit
Quter Diameter 120 mm Contral Type DC
Inner Diameter 75 mm Trigger Pulse W_| 120 deg
Length 65 mm Transistor Diop |2 v
Stacking Factor 095 Diode Drop 2 v
Steel Type M19_24G
Press Board Thic.. 0 mm
¥ 3-Phase
Magnetic Press B, r Tape
Skew Width 0
Lamination Sectors 0
> Rotor Pole
Name Value Unit Name Value Unit
Number of Poles 4 D1 73 mm
01 1 mm
02 6 mm
B1 3 mm
Rib 12 mm
» Core HRib 4 mm
Layers 1
Name Value | Unit Layer Pitch 0 mm
Outer Diameter 74 mm Magnet Thickness 3.75 mm
Inner Diameter 26 mm Magnet Width 36835 mm
Length 65 e Magnet Type XG196/96
Stacking Factor 035
Steel Type M19_24G
Pole Type 3 |

» Winding (tab 1)

Winding | End/lnsulation |

Name [ Value [ unit
| |Winding Layers 2
|| Winding Type Whole-Coiled

|_|Paraliel Branch
| |conductors per... 52

| |coitpich 5

|| Number of Stran._ 1

|__|wire Wrap 0 mm
Wire Size Diameter Omm

Conductor Type copper 75C

Fhase | Tums | InSiot | OutSlot
1A 2 i 68
A 26 T 7B
-C 26 T 8B
c 2 4T 9B
B 26 5T 108
B 26 6T 18
Name | Value l Unit
Magnetic Shaft [
Frictional Loss 12 w
Windage Loss or Power 0 w
Reference Speed 1500 pm

End/Insulation (tab 2)

[ Winding Endﬂnﬁu\aunnl
Name | vawe [ unit
| [Input Halfur Length
| _|End Extension 0 mm
| |correction Factor 1
| |BaseInner Radius 0 mm
|_|Tipinner Diameter 0 mm
|_|EndClearance 0 mm
| |siotLiner 0 mm
| |Wedge Thickness 0 mm
| |Layerimsulaton 0 mm
| |LimitedFill Factor  0.75
| |TopSpare Space 0
Bottom Spare Spa... 0
Name I Value | Unit

Name Setupl

Enabled v

Operation Type Motor

Load Type Const Power

Rated OutputPower 550 w

Rated Voltage 20 \

Rated Speed 1500 pm

Operating Temperature 75 cel

» Enable the Full-Model export to Maxwell
= Click the menu item RMxprt > Design Settings

= |n the User Defined Data tab, check

Enable and type “Fractions 1" to enable

the Full-Model export

* The default Maxwell model uses the
smallest possible fraction of geometry.

RMxprt Design Settings

[v Enable

Material Threshold | Export Options | User Defined Datal |

Fractions 1

i | 2R

X
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[Project Manager

i -ﬂ Mesh Operations
- =2 4P Analysis
o 4 Sewpl
|-{@ Optimetrics
[ Results
| | W Field Overlays
-0 Definitions
< 1

Project [

[Propertes

Name | Value

Unt | Evaluated Value| |

Name _SdupI
Enabled Ir2

Stop Time  0.04 5
Time Step  0.0002 5

0.04s
0.0002s

General | Advanced | Salver |

[ Enable Force calculation
/ Object Name | Force Dependent | &
|_|shaft r
|_|stator1 r
|_|ToothTips v
| |ToothTips_Separate1 v
|__|ToothTips_Separate10 2
|__|ToothTips_Separate11 ~
|_|ToothTips_Separate12 v E
|| ToothTips_Separate13 v
|_|ToothTips_Separate14 2 i
oK I Cancel |
. ] o -;%_ .
= '-.f !
[ I
i)
F A
b1 Iy[ ll il ) J )
g | | 1 | | J:
.3 J 0 II}"-J \V\ i..tl |‘(||| / \ul
3 Ly '.hl
o F \L‘\'lumf- j L\:ﬂu_ \J 'PI'L(» |
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Maxwell 2D/3D#iHAYERRZINNEEIANSYS Mechanicalt&BY fhAYEFSERZRE.,

Jeibirete

Maxwellf=EY

g R

t(&lS

A=

=% Imported Remote Loads (Maxwel2DSolution)
- Ma Group 1: Remote Force (Real)

- A Group 1: Remote Force (Imaginary)
/By Group 1: Moment (Real)
-, Group 1: Moment (Imaginary)

- Ma Group 2: Remote Force (Real)

- A Group 2: Remote Force (Imaginary)
/B, Group 2: Moment (Real)
-, Group 2: Moment (Imaginary)

- a Group 3: Remote Force (Real)

Frequency [Hz1 |[¥ Ampitude [m] | ¥ Phase Ange [°]

400.
800,

Pl=FlE

=
=

-
—

Mechanicalt&fl

1200,
1600,
2000.
2400.
2800.
3200.
3600.
4000.
4400.

4.4522e-008
9.8187e-009
5.0049e-011
4.8034e-010
6.6306e-010
9.2375e-010
2.951Be-010
2.5025e-010
3.6515e-011
6.6709e-011
1.0021e-009

-2.0617
81385
-0.46484
1.0451
-2.1631
177.14
-49.946
162.54
-160.24
-30.277
20.171

Bidremote pointsiEINERHEIETar

i | 2R
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z @ Enginesring Data

B -

@
A=
v

'

1
3 (@ Geomerry @} Edit Geometry...

4 Iﬁ Solution 4§ Model Replace Ceomelry R |ﬁ] S
MaswellzbDesign | CET
6| @ soltion |3 Duplicate @) IDStatoragd
7 @ Resiiks I Uas el il Lo [k Browse from Repository...

e g

H “ar !
--‘,-"J' Imparted Femote Loads (Maxw
[+ Solution (B6)

Details of “Imported Rernote Loads (Maxeell2DSolution)

elz0Salution)

Transfer Diaka To New »

Max

0.00013095
0.00010928
8.7626e-5
6.5966e-5
4.4306e-5

[=|| Scope

scoping Method | Mamed Selection
ToothTips

2.2645¢-5
9.8501e-7
~2.0675¢-5
4.2336e-5

1| Definition

Ansoft Solution

Setupl : Transient

Remote Points

Internal

Import Status

Uptodate

Suppressed

MNa

0.087323
-0.011851
011122
-0.2105
-0.30977
-0.40905 Min

~027389
-0.43793
-0.60196 Min
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- B - - C
1 I8 U Harmonic Response 19 Il ™ Harmonic Response
2 & EngineeringData v 2 - 2 & engneeringData v 4
3 @ Geomery vy 3| W 3| @) Geometry v 4
4 @ Model v 4 4 p il 4@ Model v
-5 ﬁ Setup v 4 5| hTrans'FerBG I -'5 n Setup 4 ‘-/—OS ﬁ Setup [~
& | @8 Soluton 7 6 @ soullly ., 8 G5 solutien 7 4t 6 @ souton v 4
7| @ Resus ¥, 7 @ Resits &, 7 @ Results ¥ . 7| @ resdts & .
Harmonic Response Acoustic Hamanlc Respange Acaumtic
021 Boundary Conditions -
e G, Acoustic Pressure
Fiter dame - Bt =
3D Nared Slctern . (., Impedance Boundary
» 'E’m“‘w&’l)
o Ll -
&F Attenuation Surface
diation Boundary
&
.
VI =
Named Selection  extsurt pe——
-»D“ll
Trpe |Imparted Velocty
Tabular Loading  Program Controlled
Suppressed No
Source Bodies Al
Source Frequency | All B
+ Beta Options (Beta)
a5
+ Rigid Trarsformation
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RPM Value (RPM)
H 5

Far-field Sound Power Level [dB]
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g -E Frequency (Hz)
o 1=7m é
-
53506 g
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LPQL
m_
1
6667 MFL1 BFWS  4FS W3 Tias eTAz 0D 11TDD
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FEILFEB i RoNIE = DR R D =
——E.D.A inside ANSYS

External computation /—| EDA inside ANSYS €3 | O« &5 | & | [0 &

of excitation loads

Electro- ; | Harmonic . Oscillation,
magnetic DFT Vibration | v | ERP,
. . '—;//
\ Analysis Excitation L Analysis ) LWaterfalI Plot
Loads

=

J
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Fast ERP-computation Based on Modal Coordinates:

Full Harmonic Analysis

- Mode-superposition Method used by _
. L Harmonic Analysis | ED A inside
N ANSYS i
n Complex modal displace- ' ERP 5

ments ("modal coordinates")
- /

EssmsEmEmEEEEEmEn INEEEEENEEEEEEEEEEEN Tlme and memory

4 Expansion Pass N saving!
Vibration of structural nodes Vibration of structural nodes
ER Computationally ER
— expensive!
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Qutlook: From ERP Waterfall to Air-borne Acoustics:

Identify critical OPs Get vibration shapes Analyse true radi-

for critical OPs only ation by acoustic

L field simulation

ERP[dB] ~

: (optional,
ol )7 : by dedicated tools for
0.0E+0 1.0E+3 2.0E+3 3.0E+3 4.0E+3 5.0E+3 6.0E+3 Hz : air-borne acoustics)

f—b
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Workflow

EE 1 R 7]

ReJIERE D HTHERTT =

ANSYS multidiscipline Optimization

- a
1 Mazwell 10

1| & Geometry o =1 ()} Gzomairy

- B

hd c
T

- (u]
iL _ Harmoric Pegponze

A 2 | # EngresingData ' ,———82 & Engneernglate
3| & setup v »3 | [pd Pareme ters T3 ) Geometry v ,——®3 i) Geomety v .
4 | fF scluton ’ Ceometry @8 Mocel 4R G madel .

25 [ parall ; B | senp . e 4

Hamell{| - 3\. Couton — o P

E Results # #

S ([ Parameters =
- Modal e

Magnetic Field—> Structural Dynamics —> Acoustic Field

b4 E
;- sersouy |

2 gy Parameter

4

30 Citeria ¥,

4| % poe v

5 MR v —

50 Resuls o
Sensitivity

b F
i : Optimizztion EA

2 £) Farameter

v a

2 T Criteria 4
e & BA v
5 T Resiits v

Glabal Sngle-Objactive Evolutionary Algorthm

Y -

A=
\"4
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Geometry parameters:

Jr_rot*

Geometry parameters:

,,h__mag"

Geometry parameters:

Geometry parameters:

Jra_stat"

Lr_rot*

,h_mag’

Geometry parameters:

r_yoke*

I_yoke*

(Geometry parameters:
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a s
Parameterization - Overview a
fo =
Mame Parameter type  Referencewvalue Constant Yalue type Resolution Range Range plot
1 s hous Deterministic 2142 El REAL Continuous 3 5 s
2 tmot Deterministic 30 ] REAL Continuous 30 60 B
3 bz _mm_ Deterministic 88 [ REAL Continuous 5 9 _
4 ryoke_mm_  Determinisic  36.8 B REAL Temimrane E" E" s
5 ra_stat__mm_ Deterministic 42.4 Ll REAL Continuous 40 44 _
6 h_mag__mm_ Deterministic 292 (] REAL Continuous 2 3 _
7 bomag_mm_  Deterministic 15 El REAL Trmimrane g 15 ]
& r_rot_mm_ Deterministic 25.8 [ REAL Continuous 24 26 _
9 FFMARGL Deterministic 50 REAL Continuous 50 100 ]
Import parameter ~
Loc || canel [ Apoy |
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Sensitivity Analysis

Interesting Anthill Plots_and Col:

L orabeicn v
Powr i BRT b s

I

ESG
R R T
o3

Co=ffidents

AE.- 0O

‘e
ra_stat
- kil LA N ‘I!
o | .
ol () :
= z o
= i 2 o
Q e = = = 2
® B Lol = S
] ok © o
8 s Sl g
2 L ' R
r_yoke

Ceefficient of Importance (Iineaorz
ed R2 = 06

INPUT pa4ram eter

full modal: adj
T T

INPUT: b_z__mm_

-0 %

INPUT: r_rot _mm
0%

INPUT: b_mag__mm_
0%

INPUT. h_ma‘z_mm_
0

INPUT: s_hous

14 %

INPUT: ra_stat__mm_
25 %

€0

Q 0 40 8
adjusted Col [%] of OUTPUT: Frequency_Raspense_3_Maximum_amplituda

i | 2R

N —
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Sensitivity Analysis

Metamodel of optimal Prognosis and CoP:

cm.0 o s=.o

Cwficeres
s g 0 P SR g

CoP

Coefficients of Prognosis (usitz)g MoP)
full model; CoP = 98 '

v E i w0 3 T
o (W] o CUTIUT. Preciescy Aespvse 3 Masimun_Smgbiode

Ot 72 et My A e Srascy 3 s v Ouere o v gz o Pren 3 e Aot

amplitude

amplitude

amplitude
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Optimization

Optimzation method
Scecfy the ootimzaton method

Dobimzeton method
Responce surface method

0 Adzpve Response Surface Method (ARSM)
tisnrs) maceed ooomaatos agenthes

© © Evoutonary Aoz EA) -kl

0 @ Evaubionary Algerithm (FA) - giobdl

@ © Parse swarm cptmization 750) -local
@ © parsde snarm Gptmzanon (50) - oobal
O Stachaste Desgn Improvement (SD0)

Gradent based oplarization

0 ) Nondinear Programming by Quadratic Lagrangan (NLPQL)

Suggestion for an

optimization algorithm

by ,oiw*

{ll
I

& Ewi e L8
2 Odjective Mistory
H
ol l
Sl
; [
gf-]
:

Pﬁﬁ'w.:.rg’_. A

10

Optimization Designs

Best result after ~120

Hard calculation) (Hard calculation

2914 m/s? ——> 728 m/s?

calculations on the MoP

Origi. Better
s hous 2.142 4.666
b z 8.8 8.8
r yoke 36.8 34
ra stat 42.4 43.787
h_mag 2.92 2.92
b_mag 15 15
rrot 258 25.8
Better Input

constellation

Y =

A=
v
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NODAL SOLUTION

NODAL SCLUTION STEP=0890
UsUM (RVG)
R§YS=1

DMX =.001533
SMX =.001533

: i

F.P. Mesh

Pressure

Level
5,0E1
e
4,0E1
3,061
2,5E1

L5EL

1LOEL
5,060
0,060

[ [ BN SS——— |
0 C178E-03 . 356E-03 T533E-03 711E-03
. 8B9E-D4 .267E-03 . 444E-03 . 622E-03 . BODE-03
o e 0 ) Frequenz = 100 Hz
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A=
v
> H Y
If']ﬂ?ﬁﬁi " Vibration and acoustic (Coupling of electromagnetic--—>StructureDynamic—--—>Acoustic)
SRR TREDIERSIERN
BAMEE. Transient electromagnetic  \fodal analysis
RRFR analysis .

B 3D A DTS B EE T
WHRBAYERHE ), RREFALIEEI3DAY
EEHLERMARIREL E, BEFFT
TirfE , HITEHEND,
SRR N Lk, HEMAITE
FoH.

"NNHHQL’

hESHiNE : R

B TIEMEN BT R |

SIEERRBIE = FFT 3 i
i =peai e
B L5 — R A A Interpolation

Frequency response function
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o) A

SR ETEBEEDER S EMNBNIZREIRIERS .
BRFR

BT 2D A D TS BN EE FARRAVE M, ARGTALIE
ZI2DRER ML MAZAIREL |, B FFTER G , #HITHEM
Ao, 1S EIINER M0 2 Lk .

hESHiE

B TIERRBEI B TRENERSIENErRaES
BEARINB, B AERR TR EIREIES Drehstrom-Asynchron-Schiffsantrieb der
1‘}? ’ ?%E.: Z J T _ ,‘?ﬁl J El‘] ;ﬂ;ﬁ ﬂiﬂ E‘, \—Ef- 'l"_in_i%': JI_|L, . Baureihe SEP (Schottel Electric Propulsor)

I

Spektrale Zerlequng des Schallsignals

Berechnung der zeit- und ortsabhdngigen

magnetischen Erregerkrdfte am Innenradius i - — - -
des Stinders Schallausbreitung in der Umgebung der
Maschine
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