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1 Einleitung

Die Modellierung der Geometrie erfolgt in smartFEM auf der Basis programmierter Rotor und Stator
Topologien mit Uber die Tastatur verdnderbaren alphanumerischen Parametern.

Ab der Version 2.1 bietet smartFEM zusétzlich die Mdglichkeit, mit CAD Systemen im DXF-Format
erstellte Rotor- und Statorgeometrien fur rotierende Maschinen zu importieren. Dabei kénnen alle Rotor-
und Statortoplogien gleichen Motortyps beliebig miteinander kombiniert werden.

Ab der smartFEM Version 2.11 kénnen die programmierten Rotor- und Statortopologien mit
benutzerspezifischen Geometrieelementen erweitert werden.

1.1 Anderungen gegeniiber friiheren smartFEM Versionen

In die mit den Rotor- und Statortopologien erstellten Geometrien kdnnen Benutzer zuséatzlichen
Geometrieelementen einzeichnen und damit die Geometriemodelle erweitern bzw. verandern. Dazu
wurde ein Werkzeugkasten mit verschiedenen Schaltflichen zur Auswahl der mdglichen Funktionen
implementiert (siehe auch Textziffer 1.8):

= PM BLDC

ko /o770 a@ - vtk /X

7

P

1.2 Offnen von Simulationsmodellen

Beim Offnen von Simulationsmodellen (mot-Dateien) ladt smartFEM automatisch die aktuellen
Versionen der verwendeten Rotor- und Stator-Topologien. Dabei kann es vorkommen, dass nach dem
Laden alterer Simulationsmodelle nicht alle Parameterwerte (z.B. Abmessungen, Knotendichten, etc.)
korrekt angezeigt werden. Das Modell kann dann auch mit der jeweils im Modell gespeicherten Rotor-
und/oder Stator-Topologie korrekt gedffnet und bearbeitet werden. Es stehen dann allerdings u.U. nicht
alle Funktionen neuerer Topologie-Versionen zur Verfligung.

@ smartFEM
File | View Tools Windows Help
1 Mew Strg+M
_|J Open » | With Rotor Topology Saved in mot-File |
Save Strog+5 With Stator Topology Saved in mot-File
Save As With Rotor and Stator Topology Saved in mot-File
DXF Export
FEMAG b
Generate Project Report
Exit Alt+F4
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1.3 DFX Export

Es koénnen nach Auswahl der entsprechenden Schaltfliche nur die Materialkonturen oder die
Materialkonturen fir ,Steel” exportiert werden.

[ DTRRRTER M) e — |

File | View Tools Windows Help
1 New Strg+M
(|5 Open v

= Save Strg+5S
Save As

| DXF Export [ | Rotaor
FEMAG v | stator
Generate Project Report Periodic Model
Us\elmaCAD\smartFEM\Software\smartFEM\DokumentationsmartFEM_Models\9s6m _4.mot  Strg+1 FEM Madel
Exit Alt+F4 Export Material Contours

= .

i | ‘l ::I Export Steel Materials Contours

1.4 Minimale Symmetrien

Bei allen Topologien wird wahrend der Bearbeitung die vollstandige Geometrie einer Polteilung
angezeigt.

@pmBLDc (= @[ ]| @ Topology Filename: CRO4b Embedded Magnets Arcstop [
File Magnets
Magnets
Rotor Steel DL L LC Sl CRO4b_Embedded _Magnets_3Arcs -

Geometry Basic | Bemerts

mm

—
—
—
—
—
—

P
(A
—
—
P
—

| Pole connecting radius Rpe [12.12

Distance pocket - rofor surface Dprs [2. mm

Der Benutzer kann im Menl “Options” auswéhlen, ob die ganze oder halbe Polgeometrie dargestellt
werden soll (nur wenn die halbe Polgeometrie in der Topologie vordefiniert ist).

@ PMmELDC = @[ | [ @ Topology Filename: cmzhjmbedded,Magnms_ E

Abh/O07708 « x Xk X File Edit Magnets | Options
c o Min Distance between twa paints  »
Magnets | Display Half Pole
Rotor Steel Types of ot

Select te display only half pole or complete pole]

[Geometyy Basic | Bemerts
Number of magnets Nm i ]
Outer rotor radius Rro |15_ mm I
R Rri |
An den lFEM-SoIver wird Jedogh die mwmalel py— =
Symmetrie der Geometrie Ubergeben. Bei
Geometrien einer Polteilung, die zur y-Achse Magnets
. . . . . " Rotor Steel
symmetrisch sind wird damit nur eine Polhélfte Stator Steel
Ubergeben (die im ersten Quadranten dargestellt Coils
wird). Hierdurch werden Unsymmetrien im Netz
des jeweiligen gesamten Pols durch Spiegelung
vermieden.
Motor Outer Diameter: 53 mm
Number of Slots: 9
Number of Magnets: 6
Plots —Models
" Geometry @« Material " Nodes " Stator " Complete & FEM Model :
< — T —

Seite 6 von 55



Die fiir die Simulation erforderlich vollstindige Geometrie (entsprechend einer BEMF-Periode) wird
durch Spiegelung und Kopieren der minimalen Symmetrien erzeugt.

€3 PMBLDC (=R EeH ==
Magnets
Rotor Steel
Stator Steel
Coils

Motor Outer Diameter: 53 mm

Number of Slots: 9

Number of Magnets: 6

~Plots | [~ Models

 Geometry & Material £ Nodes otor € Stalor & Complete © FEMModel -
< [ [ ] »

1.5 Parameter

Nicht verwendete Parameter werden ausgeblendet (noch nicht in allen Topologien implementiert).

Additional slots in teeth feet{l=no, 1=yes}
\wfidth of inner air ring

\wiidth of outer air ring

Additional slots in teeth feet{0=no, 1=yes}
Angle of slots {0 =1 slot, >0 =2 slots}
\nfidth of slots
Depth of slots
Entrance type of slots (1=parallel, 2=radial)
‘width of inner air ring

‘width of outer air ring

1.6 Versions-Nummer

A

] Iﬂ—

‘nfian Iﬂ
\wogr I{I

A

—

Mphats I geg
wias I'I— mm
Das IGE— mm
AsType |1—
‘nfiar Iﬂ—
‘Woar Iﬂ—

Die Versions-Nummer der jeweiligen Topologie wird in der Statuszeile des Topologie-Fensters unten

rechts angezeigt.

g Topolagy Filename: CROlb_Surface_Mount_Magn_ ﬂ
File Edit Magnets Options
M o
Types of Rotor: ECR{H b_Surface_Mourt_Magnets _:j
E Geometry  Basic | Elements |

Number of magnets Nm IE L
Quter rotor radius Rro 115 mim

Inner rotor radius Rri !5 mm -

Apply Exit

Topology Release 55-222 .:
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1.7 voreingestellte Parameter fiir alle Topologien

1.7.1 Geometrieparameter

@ PM BLDC Teopeology Filename: C506b_IEC Based.top

Types of Stator:  [CS06b_IEC_Based

" One Coil Per Slot ' Twa Coils Per Slot

Basic | Elements

Number of slots

Outer stator radius

Airgap

Inner stator radius

Innenlaufer
Rotor
e Anzahl Magnete Nm =
e AuBenradius Rro = 15
e Innenradius Rri =
Stator
e Anzahl Nuten Ns =9
e AuBenradius Rso = 26,5
¢ Luftspaltweite einseitig g = 0,9
e Innenradius (berechnet) Rsi = Rro+g
AuBenlaufer
Rotor
e Anzahl Magnete Nm = 12
e AuBenradius Rro = 25
¢ |nnenradius Rri = 20
Stator
e Anzahl Nuten Ns =9
¢ Luftspaltweite einseitig g = 0,5
e AuBenradius (berechnet) Rso = Rri-g
¢ |nnenradius Rsi =5

Nsf3

Rso[30  mm
o5 mm
Rsi[155  mm

mm
mm

mm

mm

mm
mm

mm
mm
mm
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1.7.2 Basisparameter

Alle Topologien
UnDo und ReDo Schaltflache

Bna

Dp

Sf
NdPrio

@ Topology Filename: CRO1b_Surface_Mount_Magnets.top

File Edit Magnets Options

L
r Types of Rotor: |CRD1b_Surface_M0urrt_Magneis ﬂ
Geometry ’E Elements
Basic node angle Bna 1 deg
Decimal places Dp 2
Scaling factor Sf 1
Priority {0=Node Distance Factor, 1=Number of Segments} NdPrie |0
Type of help line text HItType |0

{O=parameter name, 1=value, 2=name+value, J=name+value+unit}

minimaler Winkelabstand zwischen zwei Knoten am dem zum Luftspalt gelegenen
Innen- bzw. AuBendurchmesser der Topologie

Anzahl der Nachkommastellen fiir alle Parameter.

Bei berechneten und nicht Anderbaren Parametern wird intern mit der vollen
Nachkommastellenanzahl gerechnet und nur fir die Anzeige gerundet.

Skalierungsfaktor fur alle eingebbaren Parameterwerte der Topologien.

Angabe ob in der Parametergruppe ,Elements® der ,Node distance factor” oder die
-Number of segments” konstant bleiben sollen, wenn sich die Lange einer Linie bzw.
eines Bogens &ndert.

Type of help line text = die in den Geometriefenstern angezeigten Hilfsinformationen fur
Parameter kdnnen um weitere Informationen erganzt werden.

Types of Rotor:  [CROT6_Surfacs,_Mourt_Magrsts |
Geometry |[Basic _Bements
Basic node angle Bna 1 deg
Decimal places Dp 2
Scaling factor st 1
£§ Priarity {0=Node Distance Factor, 1=Number of Segments} NdPrio |0
5:3 Type of help line text HitType |3
5] O=parameter name, 1=value, Z=name+value. 3=name+value+unit}
|| &

Zusétzlich bei manchen Topologien:

NccType

Typ der Anbindung der Geometrie an den mittleren Luftspaltlayer an rechter und

linker Sektorgrenze des Maschinenmodells.

Types of Rotor:  [CRO2b_Embedded_Magnets

Geometry ” Basic  Elements |

Basic node angle
Decimal places
Scaling factor

Mode chain connection to airgap {D=none, 1=line. 2=closed area)

Pricrity {0=Mode Distance Factor, 1=Mumber of Segments}

Ena |1_ deg
Dp —
st i
NecType
NdPrio [0
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1.7.3 Parameter der Gruppe ,.Elements*
Alle Topologien

g Topology Filename: CRO1b_Surface_Mount_Magnets.top

File Edit
9

Magnets  Options

Types of Rotor: ICF{D1b_SurFace_Mnum_Magne‘ts

Geometry | Basic ”m

Display zll elements
Line No.
Node distance factor
Factor for nonlinear node distance {-1 < fact. < 1}
Mumber of segments
Length
Angle
Start Point
End Point
Arc No.
Node distance factor
Factor for nonlinear node distance {-1 < fact. < 1}
Mumber of segments
Radius
Apex angle
Length
Center Point
Start Point
End Point
Curve No.
Area Mo
Material {0=air, 1=steel, 2=magnet, I=coil}
Material No. {1<=MatNo<=3}
Length in z-direction
Paint Mo.
Total number of points {-1=setireset display always}
(mirrn'rid point number = point number + 100)
X-Coordinate
Y-Coordinate
Radius
Angle

P3

Apply

Exit |

—
=
=i

Ndist
Mlin

=y
n

MNseg

=]
L=
=]

TR

P1

[5]
o

P2

=1

1

Ndist

= =
W -
lg =
'

13
a 275
I 624

P1

£

Mat
MatMo
Lz/Lmot (100

=

L -
=y
21 e
|
"l

_|
=y
=

=l
=l

=]
b |
&

1

Topology Release 55-222 .:

mim

mim

mim

%

=l
=

2
=|

&

Seite 10 von 55



Fir Flachenelemente die als ,Magnet® (Mat=2) definiert sind wird der Magnetisierungswinkel
,MagAngle“angezeigt (Nordpol).

Area No. Ar I'I
Material {0=air, 1=steel, 2=magnet, I=coil} Mat |2
Material Mo. {1==MatNo=<=0} Mathlo I‘I
Magnetisation Angle {0<=angle<360°, -B88=calculated default value, Maghngle 30 deg
-9%%=perpendicular to the longest side} —
Foint Mo, 5 20

Der Winkel kann wie folgt gedndert werden:

e 0 <= MagAngle < 360°mech benutzerdefiniert
BeISpIe| Magnets

Rotor Steel

MagAngle = 45°

e MagAngle =-999  Magnetisierungswinkel senkrecht zur lAngsten Seite der Magnetflache
Beispiel

Magnets
Rotor Steel

Der Vektor zur Anzeige der
Magnetisierungsrichtung wird nicht im
Topologiefenster sondern nur im
smartFEM Geometriefenster angezeigt.

e MagAngle =-888 Magnetisierungswinkel wie durch die Topologie berechnet (default). Nach
Eingabe von ,-888" wird der berechnete Winkel angezeigt.

Beispiel

berechneter
Winkel = 90°
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1.8 Benutzerspezifische Geometrieelemente

Zur Erweiterung bzw. Anderung der vordefinierten Geometrien werden verschiedene
,» ToolTipButtons* (Schaltflaichen) nach dem Offnen einer Rotor- bzw. Statortopologie angezeigt (mit
Ausnahme der Topologien fiir den CAD Import). Die Auswahl der ToolTipButtons erfolgt mit der linken
Maustaste. Nach Auswahl eines ToolTipButtons wird die Geometrie nicht gespiegelt dargestellt. Dies
kann auch fur alle Darstellungen unter ,,Options“ gewahlt werden. Fur Bearbeitung der Geometry muss
dann die rechte Maustaste benutzt werden. In der Statuszeile wird ein Text fir die ndchstmdgliche
Aktion angegeben.

% PM BLDC =101 x| & ame: ¢
kLo /07708 @ - vt x 7 X Fle Edt Magnets

Flachenelementes hinzufligen

»,Add Point” > einen Punkt hinzufigen

einen Punkt auswahlen, um dessen xy-
Koordinaten zu verandern

c 9/12’;24’113 0 o
_-:T;gﬁo
= " Types of Rotor:  [CRO1b_Sutace_Mourt_Magnets =
e Geometry | Basic || Bements
10/ =]
=
User Defined Element {-1=satireset display points always)} 101
Point: X-Coordinate x 129832 | mm
Y-Coordinate ¥ 729942 mm
Radius r 788549 | mm
Angle a 67,7706 geg
2/26!'; 3/127 Eml. B r [122093 | mum
Area NotConnected, Please Connedt Frmvl « [305.777 | dea's
x=-4,0574mm, y=15,6200mm, Radius=16,1484mm, Angle=1046586° 4| |>
Plots Models
4l
( @ Geometry Materisl (" MNodes :::rl £ Soor € lodel O i:«-:s:sl I P - |
Add Cirdle: change dircle praperties by parameter input or define the center point of the next drdle by right mouse dick Topology Release 62-261 ¢
Es stehen folgende Modes und ToolTipButtons zur Verfigung:
»Select Mode*“ Mode nach dem Offnen einer Topologie
gt LSelect Mode* > -Edit Mode*® verlassen, falls vorher eingeschaltet
-Measure Distance Between N Abstandmessung zwischen zwei mit der linken
Points* Maustaste angeklickten Positionen
»Edit Mode®“ Mode nach Auswabhl einer der folgenden ToolTipButtons
/ ,Add Line* > Linie hinzufigen
l:I ,Add Rectangle* > Rechteck hinzufuigen
? LAdd Arc” > Kreisbogen (Pcen, Psta, Pend) hinzufliigen
7 ~-Add Arc® > Kreisbogen (Psta, Pend, Radius) hinzufligen
@ »,Add Circle” > Kreis hinzufligen
Tangentialen Kreisbogen hinzufligen (zwischen
Q »,Add Tangent Circle” > Linie-Line, Line-Kreisbogen oder Kreisbogen-
Kreisbogen)
p inen Punkt zur Definition Materials ein
a _Add Area s einen Punkt zur Definition des Materials eines
[}
L

~Select Point” >
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> alle Linien, Kreisb6gen und Kreise an deren

»Split All Intersections Schnittpunkten auftrennen

»Split Element at Intersection® > ein Element an einem Schnittpunkt auftrennen

N ein Zeichnungselement an der gewahlten

»Split Element At Mouse Position Mausposition auftrennen

.Delete Element” > ein oder mehrere Zeichnungselemente l6schen

XNxY X

1.8.1 Anwendung

e Nach dem Offnen einer Topologie befindet sich diese im ,,Select Mode“, d.h. es stehen wie in
allen vorherigen smartFEM Versionen alle Funktionen zur Auswahl und Bearbeitung von
Zeichnungselementen und Parametern zur Verfligung.

@ rPumeLDe (=)@ =][@ TopologyFikname: cmm,smce,muum,Magne;- i =]
ka/ 708 - s X File Edit Magnets Options
m0C4 9 ™
=0
= Types of Rotor.  [CROTb_Suface_Mourt_Magrets ~|

Geomety Beso | Benens |

Number of magnets Nm [

Outer rotor radius Rro 5 mm

Inner rotor radius Rri )

Magnet battom {1=Line, 2-Arc} METype [IT

m Magnet side (1-Radial. 2-Parallel, 3-Parallel+parallel slot sides (Ds<0))  MsType [I

Inter magnet connection {1=Line. 2-Arc) imeType 2

Radius of inner magnet corner Rmci  [1239  mm
Inner magnet radius Rmi [1752 mm
Height of magnet b B2 mm |
Width of magnet Wim ym—%
Angular span of magnet MphaM [55 ey
Distance magnet - sector line Dmsl 057 mm

Offset type [1=Sine, 2-Gine 112p, 3-Arc. 4-Ling) Offype 3~
Offset (Sine-Amplitude, Aro-+0ffset) AmplOf [0 mm

e Um die Geometrie zu erweitern bzw. bearbeiten werden die ToolTipButtons mit der linken
Maustaste aktiviert. Es wird dann die nicht gespiegelte Geometrie (halber Pol) angezeigt.

Beispiel: ,,AddLine*

Anzeige der nicht gespiegelten Geometrie. Gleichzeitig wird die Parametergruppe ,,Elements*
geoffnet und zuséatzliche Parameter fiir die Anpassung der xy-Koordinaten oder Radius/Winkel
von benutzerspezifischen Punkten angezeigt, sobald diese definiert sind. Weiterhin wird in der
Statuszeile ein Hilfetext flir die n&chst méglichen Aktionen zum Zeichnen des Elements

€ phieLoc TS @ | @ Topology Filename: CRO1b, Surface Mount Magnets ===
Eal/IB 77068 - s/ X File Edit Magnets Options
oC. A
ﬁ\___qq
%, %\2\ Types of Rotor:  [CROTb_Suface_Mourt_Magnets |
;Z\; i Geometry | Basic || Bements
Display all elements 20 i
Line No. L 0
e No. A 0
Curve No. c 0
Area No. A 0
Total number of points {-1=set/reset display points always} Npt 100
(mirrored point number = paint number + Npt)
Pt 0
P2 o
F3 o
User Defined Element {-1=setheset display points ahvays) o]
%=2E253mm, y=4,2016mm, Radive=4.8543mm. Angle=58.0027°
Plots Models
@ Geomety " Materil " Nodes £ Roor € Sotor £ | o - Boply Exit
« m v
AddLine: define the 1. point of the line by right mouse click Topology Release 59-250
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Zur Bearbeitung der Geometrie wird die rechte Maustaste verwendet.

Die Festlegung des Anfangspunktes der Linie erfolgt mit Klick der rechten Maustaste an der
Position des Mauszeigers.. Der Punkt wird mit ,P1“ gekennzeichnet. Die xy-Koordinaten sowie
Radius und Winkel des Punktes werden in der Parameterliste angegeben und kénnen mit
numerischen Eingaben exakt an die gewiinschte Position des Punktes angepasst werden.

@ PmMELDC === ] prulngyFiIenam:‘.CRlejurEn:eiMuunLM_ ||
EalA7oa - v w s X Flle Ecit Magnels Oplions
9/12/1084112 9 ™
e\“l‘l.%qo 1
7 = \ Types of Rotor:  [CROTb_Sufsce_Mourt_Magnets |
‘:f' Geometry | Basic ’m
11/ 23
i Display all elements 20
Line Ne. L 0
10/ Are No. A 0
Curve No. [ 0
Area No. Ar 0
o ke oo l-so ot dapies i R
P C—
26; P2 P
P o
User Defined Element Point: X-Coordinate x [0.22273 )
\ LA Y-Coordinate v [74406 " rom
Radivs N 7
Angle a  [B748 oo
21
=
Als Né&chsten kann der Endpunkt der Linie mit der rechten Maustaste gewahlt werden. Es
werden jetzt die Nummern der Anfangs- und Endpunkte der Linie, die Linieninformationen in
.Elements” und ggfs. die Informationen Uber eine ,Open Line" und ,Intersection” mit anderen
Linien/Kreisbdgen angegeben. Lange und Winkel der Linie kann mit den entsprechenden
Parametern verandert werden.
@ pmBLDC =S EcE ) € Topology Filename: CRO1b_Surface_Mount_Magnets [ =]
EAlA708 - sy /X Fle Edit Magnets Options
9/12/1124114 9
0\“"’ c4o T
”//"f N Types of Rotor:  [CROTb_Surace_Mourt_Magnets =l

10/

26/
=1

Rotor - Open LineNr.11

Models

Geometry | Basic m
Line No.

Node distance factor
Factor for nonlinear node distance {-1 < fact < 1}
Number of segments
Length
Angle
Start Point
End Point
Arc No.
Curve No.
Area No
Total number of points {-1=setireset display always}
(mirrored point number = point number + Npt)
P1
P2
F3
User Defined Element Point: X-Coordinate
Y-Coordinate
Line: Length

B

Angle

,_

T34 1717

mm

&

x 49638 mm

439 mm

73

5
£
2
El

a 157388 deg
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Wenn weitere Linien hinzugeflgt werden und dabei mit der Maus Punkte oder Positionen auf
anderen Linien/Kreisbdgen gewahlt werden, sorgt die ,Snap-Funktion* dafiir, dass die xy-
Koordinaten der Punkte Gbernommen bzw. so berechnet werden, dass sie exakt auf dem
jeweiligen Punkt bzw. Linie/Kreisbogen liegen.

26/
=

-~

Rotor- OpenLine Nr.13
Rotor - Open Line Nr.11
Rotor-OpenLingNr.12

Der gesamte Linienzug (Punkte 26-101-102-103) ist nur mit Punkt 26 an die Geometrie
angebunden. Der Punkt 103 nicht. Dazu muss die Linie mit den Punkten 1-25 in Punkt 103
aufgetrennt werden, die Linie gel6scht und zwei neue Linien 1-103 und 103-25 angelegt werden.
Dazu kann der ToolTipButton ,,Split All Intersections* genutzt werden. Es werden dann alle
Linien/Kreisbdgen an Kreuzungspunkten und aufliegenden freien Punkten aufgetrennt und
entsprechende neue Linien/Kreisbdgen angelegt.

=

€3 PMBLDC
AN/ 708 - %[/ X
1Split all Intersections

oder z.B.

neue Linie mit Schnittpunkten Split All Intersections, konsistente Geometrie
- 2 offene Linien entstehen
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102"

7 o | "—_‘%{: /|
g \ 52/ et \x\\gz/

1 ﬂ/ '.'31?/4 )
2 / ‘ 2 / »
/
2104 / 2108 //
4—__‘-‘\\1&/ T 1/

26/

103

21

Mit Hilfe des ToolTipButtons ,,Add Area“ kann das Dreieck als ein
Flachenelement definiert und das gewiinschte Material ausgewahlt werden.

g
Area No.
» Material {O=gir, 1=steel, 2=magnet, 3=coil)
Material No. {1<=MatNo<=5}

Point No.

10(%

parametrierbares

Ar [

Mt 2

Mato [1

I T
B

Das Arbeiten mit Kreisbégen, Kreisen und freien
Punkten erfolgt analog der Bearbeitung von Linien. Mit
Hilfe dieser Funktionen kdnnen jetzt in smartFEM
verfigbaren Rotor- und Statortopologien benutzer-
spezifisch gestaltet werden.

Beispiel: zusatzliche Magnete
und Lécher in die Rotortopologie
CRO01_Surface_Mount_Magnets

Magnets
Rotor Steel
Stator Steel
Coils
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e WeitereToolTipButtons:

»Select Point* fir eine spéatere Anpassung der xy-Koordinaten bzw.
Radius/Winkel benutzerdefinierter Punkte.

,»Split All Intersections* um alle Linien/Kreisbégen an allen Schnittpunkten
teilen zu kénnen.

,»Split Element At Intersection® um einzelne Linien/Kreisb6gen an Schnittpunkten teilen
zu kénnen.

,»Split At Mouse Position” um Linien/Kreisbdgen z.B. fir eine bessere Knoten-
/Netzgestaltung zusatzlich zu teilen.

,,Delete Element* zum Léschen von Geometrieelementen, auch von
durch die Topologie vorgegebenen Elementen.
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2 Topologien

2.1 DXF-Import

Far den Import von benutzerspezifischen Rotor- und Statorgeometrien stehen je Maschinenmodell
eine Topologie fir Rotor und Stator ,xx_CADdata.top” bzw. ,LM_CADdata.tol“ zur Verfliigung. Die

Vorgehensweise ist im Benutzerhandbuch beschrieben.

Beispiel: DXF-Import einer Rotor Geometrie

Schritt 1: Auswahl der Rotortopologie ,CR_CADdata“

”
g Topology Filename: CRO4b_Embedded_Magnets_3Arcs.top

File  Edit
9

Magnets  Options

Schritt 2: Auswahl und Import der DXF-Datei.

‘ Types of Rotor: ICHMb_Embedded_Magnets_&ﬁms

Geome:tr-_.rl Basic ||CROb_Suface_Mount_Magnets
CROZ2b_Embedded_Magnets
1 CRO3b_Embedded_Magnets_MNoOffset

L

i)

@ PMELDC

E\/C-??OG R X~
C.

€ Topology Filename: CR_CADdata.top

File Edit Magnets Options
9

Types of Rotor:  [CR_CADdata

Import File: [12510P_12k_PoleSegment_01_oh o

-
) Opening Data File

g
~[Ji + Computer » Temp(D:) + eImoCAD b Temp b Presentation + MotoDiagrams b
(gl o s i

Organisieren Neuer Ordner

a MotorDisgrams “ Name
Iy 12510P

| 275308

& 12510P_12k_PoleSegment_01_gh.dxf

|| Extralosses
|| LMOZLc BsTp
|| SwitchedReluctance

|/ SynchronousReluctance

w

sofern erforderlich Anpassung der Knotenketten und weiterer Parameter.

Plats Models
 Geometry & Material ©* Nodes ’76‘ Rotor ¢ Stator ¢ Model  Complets
4 n
Schritt 3:
& PV EBLDC
%/:-770(3 X )& 7
wmoC.
=%

[ Plots. Models

€ Geometry " Material @ Nodes % Rotor " Staio € Mode ' Complete

€ Topology Filename: CR CADdata.top

File Edit Magnets Options
9 o
Types of Rolor:  [CR_CADdata |
Import File: [12510P_12_PoleSegment_01_oh.dxf - | vl
Geometry | Basic || Bemerts
Display 2l elements 56
Line No. L o
Arc No A iE] b
Node distance factor Ndist 0.7
Factor for nonlinear node distance {-1 < fact. < 1} Mlir 0 i
Number of segments Nseg 20
Radius v 412 mm
Apex angle e 207 | deg
Length I 145 mm
Apply Exit
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2.2 Innenlaufer Rotor

2.21 CRO1b_Surface_Mount_Magnets

€3 P ELDC [= (& [ | | 3 PMELDC Topology Filaname: CRO1b Surfaca Mount Magnetstop [
\/“‘o'cqo Magnets Types cf Roter:  [CROTb_Suface_Mourt_Magnets |
Rotor Steel !m E&JE‘“E"'_S!
Number of magnets Nm[e 3
Outer rofor radius Rofi5 mm
Inner retor radius Rifs  mm
Radius of inner magnet corner Rmci[13 mm I
Wiidth of magnet wm[iz mm
Angular span of magnet MphaM [62.57 | deg
Magnet side {1=Radial, 2=Parallel} L I
Height of wedge Hwg[05  mm [
Magnet bottom {1=Line, 2=Arc} MbType [T
wahlbare Eigenschaften
Magnetseite: Magnetboden:
radial parallel Gerade Kreisbogen
Offset Typ:
OffType
N e
Sinus 1 Periode Sinus 2 Periode Kreisbogen Gerade

Verbindung Magnet-Magnet:

A‘

Gerade oder Kreisbogen
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2.2.2 CRO1c_Surface_Mount_Magnets_Displacement

Types of Rotor: |CR01c_Surface_Mount_Magnets_DlspIacemenl L]
Magnets

1
Rotor Steel Import File: .| ol

Geometry Basic | Bements | Displaced Magnets |

e

>

Offset type magnet {1=Sine, 2=Sine 1/2p, 3=Arc, 4=Line} OfType [~
Offset {Sine=Amplitude, Arc=2Offset} AmplOf [0 mm
gap leftright of magnet gMinlR  [0.05  mm
gap below magnet gMinB I’(W mm

Displ of the {0=no, 1=random, 2=user defined, 3=reset)  DispM [
max. vertical displacement viMax  [05  mm

Magnet number Mno I—S_
Displacement X dx lﬁ_ mm
Displacement Y dy [04_ mm

Bore holes {0=none, 1=below magnet, 2=on sector line, 3=1+2} Bh IO—

Distance of help arc1 Dhal 0 mm

Diese Topologie entspricht ,2.2.1 CR01b_Surface_Mount_Magnets* mit der Méglichkeit
jeden einzelnen Magnet in x- und y- Richtung zu versetzen:

DispM = 0 kein Versatz fur alle Magnet
1 der Versatz wird fir jeden Magneten per Zufall berechnet
2 der Versatz kann manuell fir jeden Magneten angegeben werden
3 alle Versatze werden auf 0 zurlickgesetzt

2.2.3 CRO02b_Embedded_Magnets

g PM BLDC E@ 0 PM BLDC Topology Filename: CR02b_Embedded_Magnets.top ‘_ il
Magnets Types of Rotor: [CRO2b_Embedded_Magnets ~|
Rotor;Stee] Geometry Basic | Hements

Number of magnets Nm[s
Outer rotor radius Ro[i5 mm
Inner rotor radius Rils  mm
Pole width wp[iz mm
Offset type (OType) {1=Sine 1 period, 2<Sine 12 period, 3=Circ)  OType [3
Amplitudel Offset (AmplOff) smplOf 0 mm
Height of slet entrance Hse [T mm 3
Slot bottom radius Rsb[T36  mm

wahlbare Eigenschaften

Offset Typ:

OType
Sinus 1 Periode Sinus 2 Periode Kreisbogen
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2.2.4 CRO03b_Embedded_Magnets_NoOffset

2.2.5 CR04b_Embedded_Magnets_3Arcs

@) PV EBLDC

[ Geomery Besc | Bements |

-
@ PMBLDC [= @[] || @ Topology Filename: CRO3b Embedded Magnets NoOfsettop |25
File  Magnets
Magnets
Rotor Steel BRI 430 CRO3b_Embedded _Magnets_MoCffset -

w

Number of magnets Nm |6
Quter rotor radius Rro [15 mm
Inner rotor radius Rri |5 mm
Pole width Wp [11 mm
Distance pocket - rotor surface Dprs |25 mm
Magnet height Hm [2.3 mm
Magnet width wim [10 mm
Airgap below Magnet Abm (0.2 mm
Pocket height Hmp |2.5 mm
Strut width Wst [0.8 mm
Bridge height
| ridge heigl Hbr |0.8 mm
Radius at bridge Rbr |0.3 mm
Help arc radius {Rha=Rri} Rhat |25 mm
(=@ 5 | @ PMBLOC Topalagy Filename: CRO45 Embedded Magnets 3Arcsiop B3
Magnets Types of Rotor: |CRNh_Embaddad_Magne¢s_3\Ams _‘J
Rotor Steel Geometry  Basic | Hemerts
Mumber of magnets Hm |6 -
Quter rotor radius Rro |15 mm
Inner rotor radius Rri |5 mm
1
Pole width wip |12 mm
Central arc width wica |10 mm
Central arc radius Rca |12 mm
Peripheral arc depth Dpa |2 mm 3
Peripheral arc radius Rpa |2.23 mim
P—

Die Rotoroberflache wird mit 3 Kreisb6gen modelliert, 1 zentraler und 2 periphere.

-
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2.2.6 CRO05b_Spoke_ Magnet

@ rMBLDC = |l ]l 52 | | @ PMBLDC Topalogy Filename: CRO5h Spoke Magnettop =5
Magnets Types of Rotor:  [CROSb_Spoke_Magnet -
Rotor Steel l Geometry; Basic | Elements
Mumber of magnets Nm lE— N
Quter rotor radius Rro '35— mm
Inner rotor radius Rif7 mm
Radius of curvature {<=Rro} Reufss mm
Pocket width Vimp 64 mm
Magnet width wmfE mm e
CRO05b beinhaltet zusétzlich die Eigenschaften von CR18a
2.2.7 CRO06b_Spoke_Magnet_ 2
@ PM BLDC (=@ ]=] €3 Topology Filename: CRO6b_Spoke_Magnet_2.top x
File Magnets Options
Magnets Types of Rotor: [CROGb_Spoke_Magnet_2 =]
Rotor Steel Geometry Basic | Elements I
Number of magnets Nm B B
Outer rotor radius Rro  [3 .
Inner rotor radius Rri 7 mm
Radius of curvature {<=Rro} Reu [35 o
Pocket width wimp  [64 T
Magnet width Wm 6 mm
Magnet height Hm  [i8 i
Height of non active magnel part Hmna [4 G
Height of airgap between active/nonactive magnetparts  Hair 0.1 mm
Slot opening on top of rotor Seo [T —
Slot opening on top of magnet Soi 44 mm
Plots i Slet height on top she |25 s
Width of wedge on top \whwdgo [1 |
" Geometry @ Material ~ Nodes @ Rotor " Ststor ' FE it v e i-—
—

Hwdgo |1 mm
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2.2.8 CR07b_Embedded_Magnets_3Arcs

@ PmBLDC SlE=] €3 Topology Filename: CRO7b_Embedded_Magnets_3Arcs.top [
File  Magnets
Magnets
Rotor Steel B8-S TO G | CRO7h _Embedded Magnets 3Arcs -

Geomety _Esic | Bmerts

Number of magnets Hm IG—

Outer rotor radius Rro I15— mm
Inner retor radius Rri |5_ mm
Pale width Wp I‘IZ_ mm

Central arc width wica [10 mm
Central arc radius Rea |12— mm
Peripheral arc depth Dpa IZ— mm
Peripheral arc radius Rpa [2.23 mm
Pale connecting radius Rpc [13.7 mm

Height of slot entrance Hse |1— mm
Slot bottom radius Rsb W mm
Depth of pole ez mm
Distance pocket rotor surface Dprs |24— mm

Pocket hight Hmp IZ mm

2.2.9 CRO08b_U-Magnet

@ PmBLDC o ®= [ @ TopoioayFiename: cnﬂah,u,uagmm_ ]
i File Edit Magnets Options
9 o
Magnets
Rotor Steel Types of Rotor &
GeometyBasic | Blmens |
Number of poles w0 ]
Outer rotor radius Ro [ | mm
Inner rotor radius Rri B mm =
Pole width we  [1233 | mm
Slot entrance widih vee B mm
Slot bottom depth Db 05 | mm
Slot bottom width web 2 mm
Eridge height below slat botiom Hr o5 mm
Width of airgap below bridge Woepl1 2 mm
Height of sirgap below bridge Hgapll 05 | mm
Width of magnet 1 wml B mm
2.2.10 CR12b_Arc_Shaped_Magnets
E’ @ Topology Filename: CR12b_Arc_Shaped_Magnets.top |i|
File  Magnets
Magnets
Rotor Steel Types of Rotor [CR12b_Arc_Shaped_Magnets |

Geonety Basi | Bemerts |

Number of magnets Nm l-l—
Quter rotor radius Rro IT
Inner rotor radius Rri IF
Pole width vl mm
Central arc width Wea [0 mm
Central arc radius Rea lﬂ— mm
Peripheral arc depth Dpa ID— mm

mm
mm
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2.2.11 CR12c_Multiple_Arc_Shaped_Magnets

€3 PMBLDC === @ Topology Filename: CR12 ped_Magnets.top X
Glra/ a770688 - x ¥ Xx 7 X File Edit Magnets Options
X
Magnets
Rotor Steel Types of Rotor:  [CR12c_Multple_Arc_Shaped_Magnets -
"
humber of magnets Nm IO
Outer rotor radius Rro s m
Inner rotor radius Rri B Jam
Viidth of strut wst  [05 mm
Depth of pole base Dp B lnm
Width of pole base Vip 7 e
Width of yoke iy 2 [
Total number of magnet Layers L1 T
—
2.2.12 CR18d_Spoke_Magnet_3
€ PMELDC [ =)= [ @ Topoiogyfikname: CR18d Spoke Magnet 3top S
B | File ~Magnets
Magnets Types of Rctor -
Rotor Steel lmﬁﬁil e
o
Number of magnets Mmoo g I
Outer rotor radius Ro 200 o
Inner rotor radius Rri lﬂ— l
Radius of curvature {<=Rro} Reu l19— m
Radius of peripheral arc Rpa IDE— =
Pocket width wmp  [16 o
Magnet width wn  [i5 o
Magnet height Hmo [ o
Slot opening on top of rotor Soo l?..'l— l
Slat opening on top of magnet Soi IDB— T
Slat height on top Sho l15— i
Slot height on bottom Shi I
2.2.13 CR19_V_Magnets
[« LNE [= = =] || @ Topolegy Filename: CRl‘J_V_Magnets.mp—E
File  Magnets
Magnets Types of Rotr -
Rotor Steel lmﬁﬁil Elememl .
Number of poles Np IE— B
‘Outer rotor radius Rro |‘|5— mm
Inner rotor radius Rri lﬁ— mm
Depth of magnetic pole Dmp l35— mm
Angle of magnetic pole AlphaMp |125 deg
viidth of magnetic pole wmp  [BE mm
Width of magnets vin 48 mm
Height of magnets im0 om
Inner Pocket widih of strut wsi 04 om
Height of inner strut Bt 0BT mm
Height of inner wedge Hwg  [01 om |
_ =
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2.2.14 CR20d_V_Magnets

@ rmBLDC

Wabhlbare Eigenschaften: mit/ohne Mittelsteg

2.2.15 CR21a_Triple_V_Magnets

EE=]

Magnets
Rotor Steel

File  Magnets

.
€3 Topology Filename: cnzc)d,v,Magnm_ =5

Types of Retor:  [CR20d_V_Magnets

Geonety Besic | Bemets |

MNumber of poles

Quter rotor radius

Inner rotor radius

Pole width
Central arc width
Central arc radius
Peripherzal arc depth
Peripheral arc radius

Slot entrance height

Wea

El

o
El

2
El

2
E}

E 2 4
2 2 2

2
=

AT

@ PMELDC = | @ Topology Filename: CR21a Triple V_Magnet.top =]
File Magnets
Magnets Types of Rotor: [CRZ1a_Trple_V_Magnets ~|
Rotor Steel [Goomety Besic | Semerts |
s
Number of magnets hm lg— F
Outer rotor radius Ro 15 mm
Inner rotor radius Rri lE_ mm
Magnet height Hmo 06 mm
Magnet width Wm 1.74 mm
wm2  [257  mm
Wm3 341 mm
Inner magnet angle Psi 5 aeg |7
Radial distance befween magnets Dom  [05  mm
Width of inner strut st lﬂﬁ— mm
(e wato M3 e
2.2.16 CR22b_Ring_Magnet
EI g Topology Filename: CR22b_Ring_Magnet.top ‘il
Magnets File  Magnets
Rotor Steel
Types of Rotor: ICF\Z‘Zb?Hlng?Magnet ;I
[(Geomety Eesc | Boments |
MNumber of poles Np IG—
Outer rotor radius Rro |15— mm
Inner rotor radius Rri i5— mm
Radius of inner magnet corner Rmci IH— mm
\wlidth of magnet Wm |13 mm
Angular span of magnet AlphaM |60 deg
Magnet side {1=Radial, 2=Parallel} MsType i1—
Height of wedge Hwg[d  mm
Magnet bottom {1=Line, 2=Arc} MbType 2
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2.2.17 CR23b_Surface_mount_Segmented_Magnets

[« IV

[ |[@E [ | | @ Topology Filename: CR23b Surface Mount Segmented_Magnets.top

Magnets
Rotor Steel

2.2.18 CR24_Spoke_Magnet_4 Undercut

File Magnets

Types of Rotor: ICF{ZBb_Surface_Moum_Segmemed_Magnas

Geomety B | Bemets |

Number of poles
Outer rotor radius

Inner rotor radius

Height of magnet

Number of magnet segments

‘Width of magnet segments

‘Width of struts between magnets
Angular span of magnet pole
‘width of magnet pole

Inter pole connection {1=Line. 2=Arc}
Radius of help arc {Rha>Rri}

@ prBLDC

B

=]

€3 Topalogy Filename: cnz-t,Spnm,Magneu,Undemu_

Magnets
Rotor Steel

File  Magnets

V=T I CR24 Spoke_Magnet_4_Undercut At

Geomety Base | Bemerts

Mumber of magnets
Quter rotor radius

Inner rotor radius

2.2.19 CR28_Embedded_ Block Magnets

Radius of curvature {<=Rro}
Pocket width
Magnet width
Magnet height
Slot opening on top of rotor
Slot opening on top of magnat
Slot height on top
Radius at slot opening
‘Width of wedge on top
Width of wedge on bottom
Height of wedge on bottom
Strut width
Strut height

MNp l(i—
Rro l15— mm
Rifs  mm
Hm[z  mm

Nms l3—
Wms |4,14 mm
Wat[0T deg
AlphaMp [53.33  deg
Wmp [13.46  deg

IpeType IZ—
Rhals mm

[S=)

>

Nmo B

Rro |35— mm
Rri IB— mm
Reu |25— mm
Wmp 6.4 mm
wm  [§ mm
Hm o [iB m
s B mm
s [B2 mm
Sho l-"-‘l— mm
Rile  [427  mm
Wwdge |1.5 mm
viwdgi 15 mm
Huwidgi l12— mm |
w2 om
Hst l2— mm

@ PV BLDC

(o [@ = | [@ Topology Filename: CRZS_EmbEddEd_Bbd(_Magnelsm

Magnets
Rotor Steel

Plots

" Geometry

* Material

= Nedes

Models

& Rotor

gl

[Sa)

File  Magnets Options

BV A (CR 2?8 Embedded Block_Magnets £

Geomety Basi | Bemerts |

Humber of magnets
Outer rotor radius
Inner rotor radius
Magnet height

Magnet width

‘wiidth of air gap on top/bottom

Distance magnet pocket - rotor surface
Type of magnet pocket {0|1=withoutlwith ears}
Distance of help arc above Rri

Mmoo 2

Rro lTS— mm
Rri |5_ mm
Hm 3 mm
wm 5 om

MpsirGap [0 om
Dmprs |3— mm
MpType ID_

ohal 0 mm
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2.2.20 CR29_ Embedded_Arc_Magnets

@ PMELDC

[==]=]

Magnets
Rotor Steel

Plots
’7 " Geometry

& Matenal " Nodes

Models
@ Rotor £ Stator
« 1

€3 Topology Filename: CR29_Embedded_Arc_Magnets.top

File Magnets Options
Types of Retor:  [CR2S_Embedded_Arc_Magnets ~|
Geonety. B | Benens |
Number of magnets Hm 2
Quter rotor radius Rro 15 mm
Inner rotor radius Rri 5 mm
Magnet height Hm 3 mm
Magnet angle AlphaM |160 mm
Distance magnet - rotor surface Dmrs |1 mm
Distance of help arc above Rri Dhal |0 mm
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2.3 Topologien Innenlaufer Stator

2.3.1 CS05b_Without Pole_Shoe

@ PmBLDC [= = |[22 | || €3 PMBLDC Topology Filename: CS05b_Without Pole Shae.top @
ol q Stator Steel
0\ _— o Coils Types of Stator: [CS05b_Without_Pole_Shoe =l
7
{~ One Coil Per Slot % Two Coils Per Slot
Geometry Basic | Hements
Number of slots Ns |9
Quter stator radius Rso |25 mm
Airgap a [0.9 mm
Inner stator radius Rsi[159  mm
Slot type {1=parallel tooth sides, 2=parallel slot sides} Stype |1
Slot/Toath width Sat [3 mm
Wabhlbare Eigenschaften: parallele Nut-/Zahnflanken
23.2 CS06b_IEC_Based
B pmBLDC (= [=E =] €3 PMBLDC Topology Filename: C506b_IEC_Based.top &J.‘
WO C.
0\/,,? \o Stator Steel Types of Stator: [C506b_IEC_Based |
2 b
7 S N Coils
4 " One Coil Per Slot ' Two Cails Per Slot
;Geumalry: Basic | Elements
=
Number of slots Nsfa
Outer stator radius Rso [30 mm
Airgap g |05 mm
Inner stator radius Rsi[155  mm
Slot apening So |2 mm
Centre of slct entrance radius {1=slot entrance line, 2=slot midline}  Cse [2 |
Slot entrance height Hse[05  mm
I e T e

Es kénnen die MaBe aus den Blechschnittkatalogen verschiedener Stanzwerke eingegeben werden.
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2.3.3 CS07b_Short_Teeth

@ PMBLDC (== 5= | @ PMBELEC Topolagy Filename: C507b Short Tecthiop ==
“\Oc q Stator Steel
P 0 Coils Types of S :
72 Wy

" One Coil Per Slot * Two Coils Per Slot

Geometry Basic | Elements

Mumber of slots Nsfo
Outer stator radius Rso W mm
Air gap g ]D.E"i mm
Inner stator radius Esi ’W mm
Width of tooth on outer side wifg  mm

Width of yoke minimum Wy_min |2 mim

wahlbare Eigenschaften: trapezférmige / parallele Wicklungsflanken

a4

2.3.4 CS08b_Offset und CS08c_Offset

parallel

== ][=] ] 0 PM BLDC Topology Filename: CS08b_Offset.top. @
Stator Steel Types of Stator: [C508 Offset =
Coils

" One Coil Per Slot * Two Coils Per Slot

Geomety Besic | Bemers |

Number cf slots Ms o 5
Outer stator radius Rso [265  mm
Air gap g |[:57 mm
Inner stator radius Rsi[159  mm
\afidth of tooth wfp mm
Wiidth of yoke vy 36 mm

Slot opening So |16 ‘

wahlbare Eigenschaften (CS08c enthalt gegenliber CS08b zusatzlich wahlbare Eigenschaften)
Offset Typ:

konvex konkav Sinus 1 Periode

Kreisbogen

Magnets

Rotor Steel
Stator Steel
Coils

Beispiel: Darstellung der Motorgeometrie mit
sinusférmigem Offset der Polschuhe
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2.3.5 CS09c_1Phase_1Coil

€3 PM BLDC

2.3.6 CS15d_Parallel_Slots

[E= BERExS

Stator Steel
Coils

@ Topology Filename: C509c_1Phase_1Coil.top

File  Magnets

Types of Stator:  [CS0%_1Phase_1Coil

¢ One Coil Per Slot

Geometry Basic | Elements

Number of slots

QOuter stator radius

Air gap

Inner stator radius
wfidth of mator

Width of yoke 1

Width of yoke 2

Slot opening

Slot entrance type {1=parallel, 2=radial}
Height of slot entrance
Height of motor

@ PMEBLDC

\0Cq,,

2.3.7 CS18b_Added_Stator Slots

[= =] =]

Stator Steel
Coils

y-Pasition of rotor

-
a Topology Filename: C515d_Parallel_Slots.top

Rsi |15,9 mm
wim |50 mm
Wyl |9.7 mm
W2 [9.7 mm

ot

File  Magnets

Types of Stator: CS15d_P_Sk7!s =
&) (& Two Coils Per Slot
Geometry Basic | Elements

Number of coils

Outer stator radius

Air gap

Inner stator radius

Outer stator shape {0=Arc|1=Palygon}
Tooth width

Slot 1 opening width

Slot 1 depth

Slot 2 opening width inside

@ PMBLDC

Plots Models

* Material " Nodes (&)

{+ Stator

" Geometry

(=@ =] |@ Topology Filename: C518b_Added Stator Slatstop [z
File Wagnet=  Options
Stator Steel Types of Stator: [C5180_Added_Stater_Sits El
Coils
o & Two Cails Per Slot
Geometry  Basic | Hements
Slant radius Rl [036 mm ~
Dffset type {1=arc, 2=sine 1 pericd, 3=sine 112 period) OffType [1
Offset of arc {convex<D, concavesD] / Amplitude of sine (-0} Offiamp [0 mm
Type of Ra {1=user defined Ra==0, 2= Ra=R2 and Hps=min} RaType [1
Radius of arc joining slot entrance and Rs! {0=line} Ra o mm
Angle between slot entrance and tooth Mpha  [1265  deg —
Angle for additions! slot(s) s[5 O
\idth of additions! slot vias 1 e
Depth of additional slot Das i |
Added Slot entrance type (1=parallel, 2-radial) AsType [T
widh of outer air ring Woar i =l
=
Apply Edt
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2.3.8 CS25_Ring_Coils

[« LVE:d

Stator Steel
Coils

Plots Models

™ Geometry &+ Material " Nodes {¥ Stator @]

[==r=]

3 Topology Filename: €525 Ring Coils.top [ =
File  Magnets Options
Types of Stator: [C525_Ring Cols ~|
(&) & Two Coils Per Slot
Geometry Basic | Blements
Radius at slot entrance Rse 0 2
Yoke width Wy 8.55 mm
Material of upper struts {O=sir, 1=steel} Mus [T
left/right side {D=air, 1=steel} Mus_Ir |1
Material of lower struts {0=air, 1=steel} Mis 1
left/right side {D=air, 1=steel} Mis_Ir |1
Additional slots {0, 1, 2} A 2
angle of additional slot edge Alphals |14 i |
width of additional slat Was 1 |
depth of additional slot Das 1
‘wiidth of outer air ring \nioar 1 -
Apply | Exit

Neu: Design von zusétzlichen Nuten am Luftspalt zur Reduzierung des Rastmoments.

2.3.9 CS26 U Pole_Shanks

€ PMBLDC

S -
O
0\‘“_;. = ‘qo

Motor Outer Diameter: 66 mm
Number of Slots: 8
Number of Poles: 8

2.3.10 CS30 _Unsymmetric_Inner_Radius

Dies ist ein spezielles Design
eines Switched Reluctance
Motors auch “Plusmotor”
genannt basierend auf dem
Patent EP 0 782 781 B1
(veréffentlicht 09.07.1997),
untersucht in der Diplomarbeit
von Stefan Weber (2002, TU
lImenau).

[E=N Bl 53

Rotor Steel
Stator Steel
Coils

[« EIVETS

[==]=]
N
oC
‘“ Z 3 Stator Steel
Coils

Zum Design von 1- bzw. 2-phasigen Motoren

€3 Topology Filename: cssu,unsymmetm,lnner,aadius.to_ ==
File  Magnets
LV N CS30 Unsymmetric_Inner_Radius. =
£ & Tuio Coils Per Slot

Geamely Easc | Bemerts |

Humber of slots Ns [+
Outer stator radius Rso o5 =
Minimum sirgap a 09 mm
Minimum inner stator radius Rsi El
Angulsr span of Risi on Isf side Alpha_Rsi [5 S

Base width of foot i 17 _—
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2.3.11 CS55 _Single_Wire

Plots

" Geometry {s Material

 Nodes

Models

£ &+ Stalor
4 [ ]

2.3.12 CS56_MGPM_1Airgap
Magnetic Geared PM Machine (Siehe 2.11.1 Seite 46)

2.3.13 CS58_Segmented

Hiermit kdnnen Statorsegmente mit mehreren geometrisch unterschiedlichen Statorpolen
modelliert werden.

Beispiel:

-

(=== (@ Topology Filename: €555 Single Wire_R05.t0p =]
File Edit Magnets Options
" o™

Stator Steel

Coils Types of Stator: |C555_Single_Wire |

Coils per Slot: 8 = 2 Coils
Geometry Basic | Elements
Humber of coils

QOuter stator radius

fir gap

Inner stator radius
Minimum yoke width
Slot opening width
\iire diameter

MNumber of slots per coil

Coil span angle

Tau_c

- 1 Segment mit je 5 Nuten (= 5 Statorpole) davon eine ohne Wicklung

mm

14

mm

&
@

mm

mm

mm

mm

113

mm

62 deg

@) PM BLDC

Plots

" Geometry s Material

" Nodes

Models

= & Stator
— SR

[=lE]E=]
Stator Steel
Coils

c i

£ Topology Filename: CS58_Segmented.top

File Edit [ Magnets | Options

9o

==

Types of Stator: [C558_Segmented

Coils per Slot: ® 1Cail
Geometry Basic | Hements

Number of slats / Mumber of testh
| Number of slot per segment
Stator outer radius
Airgap width
Inner stator radius
Yoke width
Tooth width

Slot/Coil width
Empty slot tooth tip width
toath bottomn width

entry width

- bei 75 Statorpolen ergeben sich 15 Statorsegmente

Ms / Nt
Nsps
Rso
Gw
Rsi
Yw
Tw
Scw
Tt
Tb
Sew

2
=

|
3

] = b I Bl
El a3 5

g 9

3 3 3 3 3 3

S 85 8 5 § 5

=]
=
=]
El
3

IR
w|
|

=2
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@ pmeLDC [= =] =]
Magnets
Rotor Steel
Stator Steel
Coils

Motor Quter Diameter: 60 mm

Number of Slots: 75

Number of Magnets: 70

Plots Models
" Geometry {* Material " Nodes " Rotor " Stator & Model " Complete " FEM Model

2.3.14 CS59_Segmented

@.PM BLDC [E=1 E=E =x3
N

Magnets
Rotor Steel
Stator Steel
Coils
Motor Outer Diameter: 60 mm
Number of Slots: 12
Number of Magnets: 16
Plots Models
" Geometry {* Material " Nodes " Rotor (" Stator + Model " Complete " FEM Model
Wie 2.3.13 CS58_Segmented wobei das Segment nach i =128
links ohne Nuten vervollstandigt wird. MeeCq,, —_—

Coils

Plots Models

" Geometry @ Material € Hodes 7 osmle (3 [
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2.4 AuBenlaufer Rotor
2.4.1 OCRO1b_Ring_Magnet
3 PMBLDC [= (= s [ @ PMBLDC Topology Filename: OCRO1b_Ring_Magnet.top [
Magnets
Rotor Steel Types of Rotor.  [OCRO1b_Ring_Magnet ~|
AlphaP = 30° Geometry  Basic | Bemerts
Mumber of magnets Mmfiz
Outer roter radius Rro |25 mm
Inner rotor radius Rifz0  mm
Height of magnet Hmfz mm
Angular span of magnet Aphal [30 deg
\hidth of magnet wim [1135 | mm
wahlbare Eigenschaften: Magnetwinkel, Steg zwischen Magnete
2.4.2 OCRO02b_Rectangular_Magnets
€3 PMBLDC = = /s | @ PMBLDC Topology Filename: OCROZb_Rectangular_Magnetstop [ ]
0\/!!,\‘0_'040 Magnets Types of Rotor: lOCRDEbeectangularﬁMagnets =l
7 1 \\ Rotor Steel

Goomety _Easc | Eements |

Mumber of magnets

Outer rotor radius

Inner rotor radius

Rotor shape {1=circular, 2=polygan}

Material above magnet {1=air, 2=steel}

Height of magnet

Width of magnet

wahlbare Eigenschaften: Rotor Oberflache, Material oberhalb Magnet, Steg zwischen Magnete

— —

Kreisbogen, Luft Kreisbogen, Eisen

Polygon

Polygon, Eisen
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2.4.3 OCR17c_Segmented_Magnets

@ Py BLDC

[==]=]

Magnets
Rotor Steel

T,

Mit abgeschragten Magnetkanten rechts und links

@ PmELDC

= 3

2.4.4 OCR22b_V_Magnets

S
€3 Topology Filename: OCR17c_Segmented Magnets.top ‘

[

File Magnets

Types of Rotor

Geoneny Bas | Sanarts |

IORC17c_Segmented_Magnets =

Number of poles

Quter rotor radius

Inner rotor radius

Width of pole

Magnet arc angle
MNumber of magnet segments

Width of magnet segments

Np IG—
Rro “RrisHm-ly 20,06 mm
Rilzg5  mm
wip [1258 | mm
Alphahl [ deg
Nms[3
Wims IG— mm I

@ PMELDC

—

(=) @[5 |[@ Topology Filename: OCR22b U Magnets.op ‘ [
File Magnets

Magnets

Rotor Steel Typesof o [ -

2.4.5 OCR23_Surface_Mount_Magnets

Geonety Eesc | Bemerts |

Number of magnets
Quter rotor radius
Inner rotor radius
Magnet arc angle
Width of magnets
Height of magnets

Minimum outer yoke width

Nistanrs heboasn mannsts

Nm I‘IZ—
Rro ISD— mm
Rri |25— mm
Alpha_m [135  deg
Wm[d mm
Hm l15— mm
Ymino [15 mm

Pl £ .

BLD

8/ 077068 - xR X/ X

File Edit Magnets Options

9 o
Magnets
Rotor Steel Types of Rotor:  [0CR23_Sufface_Mount_Magnets ~
Geometry Basic | Elements
Number of magnets Nmo 6
Outer rotor radius. Rro 25 mm
Inner rotor radius Rii 20 mm

Height of magnet
Wicth of magnet
Height of magnet segment

Radius at edge of magnet

Radius at corner of magnet

Wm 19 mm
Hms 4.2 mm
Rm 1 mm
Rme 0.3 mm
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2.4.6 OCR23a_Surface_Mount_Magnets

Diese Topologie wurde auf Basis der Topologie "OCR23_Surface_Mount_Magnets" mit dem neuen
Parameter "Radius of Magnet Corner - Rmc" erstellt.

@ ruBLoC E@ @ Topology Filename: OCR23s_Surface_Mount_Magnets:top. )
Erha/a77066 - s & x5/ X File Edit Magnets Options
\“\oc ERS
[ Magnets
Rotor Steel Types cf Rotor:  [0CR23a_Suface_Mount_Magnets |
Number of magnets [L I
Outer rotor radius Ro 5 mm
Inner rotor radius Ri 0 mm
Height of magnet Hm o 5 om
Viidth of magnet wno 5 m
Magne side {0=parallel, =radial) MsType 0
Height of magnet segment Hrs B8 mm
Radius of magnet segment Rms 2 mm
Radius of magnet corner Rme mm
Width of yoke Wy |4=— mm
2.4.7 OCR23b_Surface_Mount_Magnets
@ EE=] @ Topology F Surf
kAR / O770688 - x ¥ N/ X File Edit Magnets Options
9 o
Magnets
Rotor Steel Types of Rotor: ~ [OCR230_Suface_Mount_Magnets =l

[Goomey Bosc | Beomens

Number of magnets [N
Outer rotor radius Rro B om
Inner rotor radius Ri [0 mm
Height of magnet Hn 25 mm
Width of magnet wm  [18 =
Height of magnet segment L
2.4.8 OCR23c_Surface_Mount_Magnets
@ PmBLDC =) @ Topology Filename: OCR23c_Surface_Mount_Magnets.top
EA@/ O77068 - k&t N/ X File Edit Magnets Options
9 o
Magnets
Rotor Steel Types of Rotor:  [0CR23c_Surface_Mount_Magnets ~|
[Geomety Basc | Bemerts |
Number of magnets N 2
Outer rotor radius Ro [ mm
Inner rotor radius Rii 2732 | mm
Height of magnet Hm 7.7 i
Width wm o [615  mm
Width of inner corner Wi [5488  mm
Height of segment Hms 4 om
Height of outer side Hmo [533  mm
Central arc radivs Rea  [269  mm
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2.5 AuBenlaufer Stator

2.5.1 OCS05c_Without_Pole Shoe

€3 PmsLoc = = Jm) | @ Topology Filename: OCS05c Without Pole_Shoe R09:top [ =]
“\o 04 File Magnets
O Stator Steel
. X Coils Types of Stator: [OC505c_Wihout_Pole_Shoe =l
# £ One Cail Per Slot = Two Coils Per Siat
Geomeny e | Beerts |

Number of slots Ms [3
Air gap afos mm
Outer stator radius Rso [194  mm
Inner stator radius Rsi [5 mm
Yoke width y |5 mm
SlotTooth type {O=trapeziodal . 1=parzllel tooth, 2=parallel slot} SIT_Type [1 mm
Taoth width at slet enirance Vitse [3 mm
Slot width at slot entrance wse[lD1  mm
Plots Models Radius at slot entrance Rse |05 mm
¢ Geometry & Moerisl Nodes < # Stator O r - Teoth vidth at slot boftom kb |3 ==
< i | Slot width at slot bottom visb[394  mm

2.5.2 O0OCS06b _3Arcs und OCS06c_3Arcs
@ PiELDC = |[= 5 | | € PMELDC Topology Filename: OCS06b_3Arcs.top =5
Stator Steel
Coils Types of Stater =

" One Coil Per Slot ¢ Two Coils Per Slot

Geometry Basic | Elements

Mumber of slots Nsfo 3
I Air gap a ’[)87 mm
‘Outer stator radius Rso ’1517 mm
Inner stator radius Esi 15— mm
‘width of pole shos Wps [T15 mm
Slot cpening So 123 mm

Darstellung einer Motorgeometrie

E=S EoR =]
Stator Steel

Cails Wie OCS06b mit der Mdglichkeit nicht parallele
Zahne zu modellieren.

Plots Models

" Geometry & Material " Nodes @ Stator (& L -
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2.5.3 O0OCS22e Parallel_Slots

€ PmBLDC

=== Eon =

Stator Steel
Coils

Magnets
Rotor Steel
Stator Steel
Phase U Coils
Phase V Coils

2.54 O0OCS23a_Asymmetric_Pole_Shoe

@ Topology Filename: OCS22e_Parallel_Slots:top

File [ Magnets

Types of Stator:  [0C5226_Parallel_Shots

Geometry Basic | Elements

Number of coils
Air gap
Outer stator radius
Inner stator radius
Tooth width
Slot depth 1
Slot apening width 1
Slot depth 2 {0 = o slot}
Slot 2 operiing width inside

Slet 2 opening width outside

G

o] ¥ Two Cails Per Slot

z
&
E‘?’
@
El
=

7
g
|
5

T

2
3

2
3

mm

2
3

Fl
5

=l
=

S
Bl
a-
H
H

@ PMEBLDC

= =E=]

Stator Steel
Coils

3 Topology Filename: OCS23a Asymmetric Pole Shoetop

==

Zum Design von 1- bzw. 2-phasigen Motoren

File | Magnets

R B
(e} % Two Cails Per Slot
[ty Bosc | Bemers

Number of slots Ns E——

Air gap g 'r mm

Quter stator radius Rso [92 | mm

Inner stator radius Rsi |

Angular span of pole shoe AlphaPs o -
Radius at pole sho right R1  wm
Radii at pole shos left R2 R
Slot opening So=301+502 287 mm

Offset of outer stator radius OffRso R Jmm
Distance Rso-Airgap dRso 57 | mm

= —
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2.5.5 0OCS25_ Ring_Coils

@ rmeoc (=@ ][] |@ TepologyFilename: ocszs__ning_cans.m_f' [~
ES File [ Magnets
\«\0 C4 Stator Steel
P 0 Colls Types o Stor
5/; ol . & Two Cails Per Slat
ISl [ i s '
Number of coils Ne EO
Air gap 9 [0 om
Outer stator radius Rse  [194  mm
Inner stator radius Rsi [ |
Yoke width w B mm
Slet opening width So e mm
Hight of slot Hs 5 mm
Number of slots per cail Nepe 3
Coil span Taue [20 deg
Material of upper struts {0=air, 1=stesl} Mus [
; i o

Magnets
Rotor Steel
Stator Steel
Phase U Coils
Phase V Coils

2.6 PM DC Motor

Die Topologien von Blrstenmotoren entsprechen denen der AuBenlaufermotoren.

[E=H | HoE| 55

Magnets
Rotor Steel
Stator Steel
Coils

Motor Quter Diameter: 50 mm

Number of Slots: 9

Number of Magnets: 2

Airgap: 0.5 mm

Flots Models
" Geometry {+ Material " Nodes " Rotor " Stator + Complete " FEM Model

Seite 39 von 55



2.7 Synchronous Motor

2.71 CR30_Wound_Field_Winding

@) PMEBLDC

[==]r=]

Rotor Steel
Coils

Plots Models

" Geometry & Material  Nodes ' Rotor

2.7.2 CR37_Field_Winding

€3 Topology Filename: CR30_Wound_Field_Wi
File Magnets Options
LRt CR 30 VWound_Field Winding B
" Geomety i | Hemerts |
Number of poles Hm 4
Outer rotor radius Rro 15 mm
Inner rotor radius Rri 5 mm
Central pole arc (percentage of pole-pitch) CParc |60 %

Rotor pole surface radius RRFF  [13 wen
Width of pole-shoe wrs |15 .

Height of pole-shoe HPS 328 mm
Pole-shoe edge PSedge 05 mm
Radius at pole corner rrc [0 e
Width of coil-form Wk 6 mm
Depth of coil-form o B i

‘wiidth of field coil-side

1@ Synchronous Mator

kh@,/ O770488 - x & Xx - X
woC.
M=%

N

==

Rotor Steel
Coils

B Topology Filename: C

File Edit Magnets Options

9 o
Types of Rotor:
& 4 Coils
Goometry_Basic | Bements
~

humber of poles Hp 2
Outer rotor radius Rro 15 mm
Inner rotor radius Rii 3 e
Width of pole vip 21 1
\fidth of shaft Wsh 0 T

e oy
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2.8 SR Motor (Switched Reluctance Motor)

2.8.1 CR25 Reluctance

Mit dieser Topologie kénnen 2-polige Reluctance Maschinen modelliert werden.

[ =]

Rotor Steel

Stator Steel
Coils
Motor Outer Diameter: 50 mm
Number of Slots: 9
Number of Poles: 2
Flots Maodels
 Geometry @ Material " Nodes " Rotor (" Stator (% Model " Complete || " FEM Model

@ SR Motor o @ = [[@ Topology Fiename: cnzs,ngmmnce,nzz.mp_ﬁ |

File Edit Magnets Options

9 o
Rotor Steel
Types of Rotor: z
Geometry Basic | Bemerts |
E
Mumber of poles Mp ,2—
Duter rotor radis Rro 5 mm
Inner rotor radivs Rri F om
Viidth of pole vip 65 mm
Aogle Alpha ip 573 mm |-
Height Hp BE mm
Inner radius Rpi lﬁ_i— mm
o Models Pole type {0=arc, 1=arc with step} Ptype ID—
) . I Slot bottom raius Rsb P5  mm
[LCEorchy e o . e fﬁ%l (2 ek ‘ﬁ" 2 Distance of help arc {D=no help arc} okl [ mm E
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2.8.2 CR32_Reluctance_Stepped

Mit dieser Topologie kdnnen 2-polige Reluctance Maschinen modelliert werden, wobei der Rotor eine
Stufe am AuBenradius besitzt, die flr eine definierte Anlaufrichtung des Motors sorgt.

(=[O s

Rotor Steel
Stator Steel
Coils

Motor Quter Diameter: 60 mm
Mumber of Slots: 6
Mumber of Poles: 2

—Plots 7~ Models
 Geometry {+ Material " Nodes " Stator { Model % Complete |MElF I
| 4 | 1 gl 3

In der Darstellung ,Complete” kann der Rotor in die alligned-/unalligned-Achse oder beliebige andere
Winkel gedreht werden.

0 SR Motor (o ® =] | @ TopoigyFilename: cnzs,nelunznce.m- [——
} File Edit Magnets Options
9 ™
Rotor Steel

Typesof Foor

Goonety. Easic | Eemets |

Neavlicx alipiless Np IF

Outer rotor ragius Rro 5 mm

Inner rotor radivs Ri [ mm

Width of pole Wip [165  mm
Angle Alpha_Wp [673 | mm
Height Hp B mm L
Inner radius Rei [14 | mm
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2.9 Sync. Reluctance Motor

2.9.1 CR31_Synchronous Reluctance

Mit dieser Topologie kénnen 4-polige Synchronous Reluctance Maschinen mit 1 — 4 Flussbarrieren

modelliert werden.

@ Sync. Reluctance Motor

Motor Outer Diameter: 53 mm
Number of Slots: 9

Number of Poles: 4

Plots

" Geometry (« Material

" Nodes

Lol B
Rotor Steel
Stator Steel
Coils

Models

" Rotor Stator " Model {* Complete |EEEE " FEM Model

-

In der Darstellung ,Complete* kann der Rotor in die D-/Q-Achse oder beliebige andere Winkel gedreht

werden.

o Sync. Reluctance Motor

=]

Rotor Steel

File  Edit Magnets Opticns
Lo fi)

Geometry Basic | Benent |

Mumber of poles

Quter rotor radius

Inner rotor radius
Channel width at outer diameter

width at base

BT (CR 31 Synchronous_Reluctance 52

~
€3 Topology Filename: CRSl_Synchmnws_Reluctanc_e_ [

mm

mm

mm

11177

mm
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2.9.2

CR33_2Pole_Synchronous Reluctance

Mit dieser Topologie kénnen 2-polige Synchronous Reluctance Maschinen mit 2 Flussbarrieren

modelliert werden.

@ Sync. Reluctance Motor E'@
Rotor Steel
Stator Steel
Coils
Motor Outer Diameter: 53 mm
Number of Slots: 9
Number of Poles: 2
Plots Models
" Geometry {+ Material " MNodes " Rotor " Stator " Model * Complete |Q-Axs ” FEM Model
@Sync. Reluctance Motor EI@ 70 Topology Filename: CR32_2Pole_Synchronous_Reluctance top |i‘
File Edit Magnets Options
Lt S
Rotor Steel
Types of Rotor: ]CR33_2Pole_Synchmnous_Re\uctance j
Geometry Basic | Elements
Mumber of poles Np 2 J |
Quter rotor radius Rro 15 mm
Inner rotor radius Rri 3 mm
Channel width at cuter diameter Chw 5 mm
Flets et i width at base ChB 4 mm
" Geometry & Material £ Nodes ¢ Rotor & - depth ChD 16‘5_ i
o = : Total number of flux barriers M.Fb 2
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2.10 Universal Motor

@ Universal Motor

Plots

Motor Quter Diameter: 63 mm
Number of Slots: 2
Number of Poles: 9

" Geometry

(¥ Material

Models

" MNodes " Rotor (™ Stator * Model

2.10.1 CR26_Universal

0 niversal Motor

[@[= = @ Topology Filename: CM_Unimml.lap! E

" Complete | _ " FEM Model

File Edit Magnets Options

o= el

Rotor Steel
Stator Steel
Coils

L1 )
Rotor Steel
Coils Types of Rotor.  [CR26_Universal =
Geometry Basic | Elements
Mumber of slots Ns 9
Outer rotor radius Rro 15 mm
Inner rotor radius Rri 5 mm
Slot opening So 15
\afidth of tosth w 3 i
Height of pole shoe Hps 1 mm
Radius at pole shoe Rps 0.5 mm
i i - Rt 0.5
Plots SIS Radius at intersection tooth - pole shoe P mm
Radius st slot bottom Rsb "\_— mm
" Geomet {s" Material ¢ Nod o (o] e o) -
eometry laterial es = Rotor - 3 ! C ! \Whidth of yoke Wy 131 mm
£ |
2.10.2 CS29 Universal
€38 Universal Motor = |2 | | @ Topology Filename: €529 Universaltop = |
% File Edit Magnets  Options
Lt 4
Stator Steel
Coils Types of Stator: C529_Universal -]
Coils per Slot: 2] @ 2 Coils
Goonety  Besic | Blemets |
Number of slats Ns 2

~Plots

" Geometry

& Material

Outer stator radius
Air gap
Inner stator radius

‘Opening angle of tooth base

Height of tooth
hEES Viidh of tooth

© Nodes | ¥ Stwmtor € o - == Width of yoke
3 R—— ' Siot bottor redius

Rso 315 mm

e 0.9 mm

Rsi [52 mm
Apha T [0 deg
Ht ,5— mm
it ,13— mm
vy E om
Rsb 15 mm
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2.11 PM- Maschinen mit magnetischem Getriebe
2.11.1 CS56_MGPM_1Airgap

Mit dieser Topologie kénnen Magnetic Geared Permanent Magnet Maschinen mit einem Luftspalt
modelliert werden. Literaturhinweis: “Comparison and Analysis of Magnetic-Geared Permanent
Magnet Electrical Machine at No-Load” Xiping Liu, Dong Chen, Liang Yi, Chao Zhang, Min Wang (DOI
10.2478/aee-2014-0047)

€3 PMBLDC [ e €3 Topology Filename: CS56_MGPM_1Airgap.top (=
File Edit Magnets Options
9 ™
Stator Steel
Coils Types of Stator: [CS56_MGPM_1Aigap |
Coils per Slot C1Col & 2Cails
Geomety Base | Bererts |
Number of slots Ns I
Outer stator radius Rso Fr mm
Air gap 9 ’“— mm
Inner stator radius Rsi 158 | mm
\efidth of yoke Wiy [ mm
Width of tooth wit [ e
Slet opening So .
Height of slct entrance Hse 05 mm
Height of pole shoe Hps I
Plois Models \width of pole shoe s =
© Geometry & Material £ Nodes (€] @ smior O o ie Mumber of modulstors o) o
A n ] v Outer width of modulators Wmee 55

Beispiel:
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2.12 Magnetisierung von Innenlaufer Rotoren

2.12.1 MDO1d_Outer_Coil (Magnetisierspule)

) P Magnetization

C.
\Wotlgq o

(== =]
Stator Steel
Coils

€3 Topology Filename: MDO1c Quter Coiltap o
File Magnets
Types of Ststor: [MD01e_Outer_Col 2 |
(8] @ Two Coils Per Slot
Geanety. P | Bemera |
Number of slots Ns [6
Outer stator radius Rsa [25 mm
Air gap g |06 mm
Inner stator radius Rsi[i56  mm
Slot opening S0 09
Height of slot entrance Hse |0.17 mm
Type of conductor {1=circle, 2=rectangle} Cypei
Radius of conductor Rea [2 mm

Darstellung der Magnetisierspule mit Ringmagnet

2.12.2 CS01c_Measure_Ring_Magnetization

Magnets
Rotor Steel

) PM Magnetization T= @ @] |@ Topology Filename: CSO1c Measure Ring Magnetization.top [
File | Magnets
T A==l C501c_Weasurs_Ring Nagnetization -
Geomeny Basc | Semerts |
Number of slots Ns ¢
Outer stator radius Rso [55 mm
Airgap {=2"Dms} alt mm
Inner stator radius Rsi |16 mm
Distance between magnet and sensor Dms [05
Material of ring {D=ir, 1-steel) Mat [0
Width of ring vir [50 mm
Radius of help arc {Rsi < Rha1 < Rso} Rhat [25 mm

Um die Induktion des magnetisierten Magneten berechnen zu
kdénnen, wird ein ,Stator” als Ring aus Luft modelliert und die
Induktion im Luftspalt zwischen Rotor und ,Stator” ermittelt.
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3.1 Linearmotor

3.1.1 LMO02c
@ PM Linear Motor EI@
E3EN
Magnets
Platen Steel
Forcer Steel
Coils

Motor Width: 84 mm
Mumber of Slots: 6
Number of Magnets: 11
Airgap: 0.9 mm
NON-PERIODIC MODEL

Mit dem Parameter , Type of Model (O=non-periodic, -1=periodic)”kann zwischen der nicht-periodischen
und periodischen Geometrie gewahlt werden. Diese Funktion steht in verschiedenen Linearmotor-
Topologien zur Verfligung. Verluste kdénnen nur bei periodischen Linearmotor-Modellen
néherungsweise berechnet werden.

File Edit Magnets Options
L
Types of Rotor: |LMDZC ﬂ
Coils per Slot: - + 2 Coils
Geometry Basic | Eements
-~
Type of Model {0=non-periodic, -1=periodic} |"I
Number of slots / Number of testh Ns /Nt |6
Mator unit width Wmot |84 mm
Stack hight Hst 16 mm
Yoke width o 4 mm
33 PM Linear Motor o e e
Magnets
Forcer Steel
Coils

Motor Width: 84 mm

umoercrsrs ¢ NN B ¢ e ]

MNumber of Poles: 7

Mumber of Magnets: 11
Airgap: 0,8 mm
PERIODIC MODEL
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3.1.2 LMO021c

Ersetzt die Topologie LM02¢ mit zusatzlichen Erweiterungen

@ PM Linear Motor E'@

Magnets
Platen Steel
Forcer Steel
Coils

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 11
Airgap: 0,9 mm
NON-PERIODIC MODEL

LMO021 als periodisches Modell fir die Berechnung von Verlusten

0 PM Linear Motor El@

Magnets
Platen Steel
Forcer Steel
Coils

@

Motor Width: 84 mm
MNumber of Slats: 6
Mumber of Poles: 7
Number of Magnets: 11
Airgap: 0,9 mm
PERIODIC MODEL

3.1.3 LMO03c
0 PM Linear Motor EI@

Magnets
Platen Steel
Forcer Steel
Coils

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 11
Airgap: 0,9 mm
NON-PERIODIC MCODEL
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3.1.4 LMO04

@ PM Linear Motor

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 11
Airgap: 0.9 mm
NON-PERIODIC MODEL

3.1.5 LM10

[E=N(ECR ==

Magnets
Platen Steel
Forcer Steel
Coils

@ PM Linear Motor

hMotor Width: 84 mm
Number of Slots: 6
MNumber of Poles: 7
Mumber of Magnets: 13
Airgap: 0,9 mm
NOMN-PERIODIC MODEL

[E=N O =5

Magnets
Platen Steel
Forcer Steel
Coils

Mit Einschichtwicklung und optional unterschiedlichen Zahnbreiten zwischen den Phasen

@ PM Linear Motor

Motor Width: 84 mm
Mumber of Slots: 6
MNumber of Poles: 7
Number of Magnets: 13
Airgap: 0,9 mm
NON-PERIODIC MODEL

=8 ER =

Magnets
Platen Steel
Forcer Steel
Coils

Seite 50 von 55



Mit Zweischichtwicklung und gleichen Zahnbreiten.

€3 PM Linear Motor == =R == @ Topology Filename: LM10.to x
R &/ o7 7048 - kX /X File Edit Magnets Options
9 o
Magnets
Platen Steel Types of Rotor: [LM10 =l
Forcer Steel
z Cails per Slot: #1Cal €2
Coils e “
Geonety Besic | Bemerts |
~
Type of Model {0=non-periodic, -1=periodic} F
Humber of slots Ns 8
Total motor width Wt [e2 —
Input parameter {0=\mu, 1=vs} imuels [T
Motor unit width wine 62 —
Stator pale width Ws 14 o
Number of teeth Nt 5
Stack hight Hst B s

Mit unterschiedlich breiten Zahnen als "periodische" Geometrie dargestellt. Damit ist u.a. auch die
Berechnung von Eisen- und Magnetverlusten mdéglich.

3.1.6 LM11

a PM Linear Motor EIIEI

Magnets
Platen Steel
Forcer Steel
Coils

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 13
Airgap: 0.9 mm
NOMN-PERICDIC MODEL

3.1.7 LM422

@ PM Linear Motor EIIEI

Magnets
Platen Steel
Forcer Steel
Coils

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 11

Airgap: 0,9 mm
NON-PERIODIC MODEL
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3.1.8 LM544
@ PM Linear Motor EI

Magnetis
Platen Steel
Forcer Steel
Coils

e e e iy i o . b

Motor Width: &4 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 12
Airgap: 0,9 mm
NON-PERIODIC MODEL

3.1.9 LM60_Double_Airgap
Mit eisenlosem Stator und Zweischichtwicklung

€3 PM Linear Motor =n =

Magnets
Platen Steel
Coils

Motor Width: 84 mm
Number of Slots: 6
Number of Poles: 7
Number of Magnets: 13
Airgap: 1,2 mm
NON-PERIODIC MODEL
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4  Aktuator

41 LAO4

clE=]|®

RN/ X File Edit Magnets Options
9 ™
Platen Steel
Forcer Steel Types of Rotor:  [LA04_Actuator ~]
Coils
Coils per Slot: @ 1Cil
Geometry Basic | Eements
Wiidth of Stator Wstator  [25 mm
Height of Yoke Hy 3 mm
Width of slot Ws 3 m
Depth of slot Ds 5 mm
Width of tooth Wt 5 N
Width of airgap 9 0.5 mm
Width of middle airgap layer gm [025 mm
Width of mover Wmov 15 mm
Height of mover Hmov 2 n
Display force path and move vector {0=no, =yes) [
Distance between force path and mover dFPM  |0.15 mm
Length of move vector MViength [6 mm

4.2 LA _CADdata

Aktuatoren besitzen im Allgemeine sehr kundenspezifische Geometrien. Uber die Topologie
»~LA_CADdata“ kénnen die mit CAD-Programmen erstellten Geometrien von Aktuatoren mit DXF-
Import in smartFEM dargestellt und simuliert werden.

Beispiel: B =t
]

Type of Motor = Actuator

2 hzle B % CoordinateSystem = xy
NPhases = 1
E- 2D Mode! Ns =2
Bl Layer NCoilsPerSla = 1
: CompletaPole
i
. ir |
e 7? smart FEM-Materials ‘ ‘ ForcePath
Steel; Rofor
Stel;§ N / el Sipto
Air Movelectar
Steel; Sfot Steel, Srfor
Kir Air Kir
[oi; Stotor, Slhtindes £ 2 [oi; Stotor, Slptindes = 1
Sealifntor Steel; potor
Stesl Sotor Steel; Sfofor
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Darstellung in smartFEM nach DXF-Import

o | @)= ]

File Edit Magnets Options
Platen Steel |9 ©
Forcer Steel

Coils Types of Rotor:  [LA_CADdata ~l
Coils per Slot: @ 1Cal €
Import File: [LA_Actuator_0°_1.d4¢ |:| |
Geometry Basic | Bements
ForcePath FP P mm
MoveVector length Miengh 2 mm
angle Mvengle [0 deg
Displacement of platen DispP P mm
Airgap thickness 9 NN~ mn
Minimum movement step of platen MinMoveStep [0 mm

Die importierte Geometrie wird in smartFEM so gedreht, dass die Bewegungsrichtung horizontal in x-
Achse liegt, um die horizontalen und vertikalen Krafte berechnen zu kénnen.
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5 Notizen
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