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1 Introduction

The modeling in smarTFEM is based on pre-programmed rotor and stator topologies with keyboard
input of different alphanumeric parameter.

As of release 2.1 offers smartFEM additionally the option for import of dxf-formatted roto and stator
geometries. With this all rotor and stator geometries of the same machine type can be combined in any
order.

As of release 2.11 all geometries designed with pre-programmed rotor and stator topologies can be
enhanced by user defined geometry elements.
1.1 Changes compared to previous smartFEM releases

User defined geometry elements can be added to geometries which were designed with the pre-
programmed rotor and stator topologies. For this is a toolbox with different tool tip buttons available.
Details are described in chapter 1.8 of this document.

= PM BLDC

kas/so770ed - v X /X

1.2 Opening of simulation models

When openingh simulation models (*.mot files) then the actual releases of the latest release of rotor and
stator topologies are loaded. It can happen that after older simulation model are opened not all
parameter are correctly displayed because the latest topology release is not upwards compatible If this
happens (what should not be) then the simulation model can be opened with those topologies releases
with which the simulation model was designed.

smartFEM

File | View Tools Windows Help

I3 New Strg+ N
|E Open L4 | With Rotor Topology Saved in mot-File
A Save Strg+5 With Stator Topology Saved in mot-File
Save As With Rotor and Stator Topology Saved in mot-File

DXF Export
FEMAG

Generate Project Report

Exit Alt+F4

Seite 5 von 54



1.3 DFX Export

There are different possibilties exporting geometries into a DXF-formatted file. Example below: export
of the stator geometry only with electric steel material contour.

[ 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 Minimum Symmetry
In all topologies the geometry of complete pole is displayed as default.

@ PmBLoC [= ) = &= || @ Topology Filename: CRO2b Embedded Magnets.top = J
kh/O7708 x8Xx/ X File Edit Magnets Options
\1“9,04 9
o Magnets
\‘ Rotor Steel Types of Rotor: [CROZ_Enbedded_Vagnets =
e
Number of magnets w o |
Grommt Ro B mm
oD N
Pole width ve [ mm
Ofsettype (OType) {1=Sine 1 period, 2-Sne 12 perod, 3=Circl  OType [3
AmplitudelOffset (AmpIOff) Al 0 mm
e |
Slot botiom radius Rb  [136  mm
Frmss R [B% o |
Distance pocket - otor surface. Drs 2 mom
Pocketheight e 5
Siutuidh vt o5 mm
Pocketvidth vime [T om
e e Dl B
e el 5
Megnetheight o B3
Mannat width wn 07 me

User can select in menu “Options” whether the complete or the half geometry of the pole should be
displayed (only if the half pole is designed by the topology).

@ PMBLDC = (@ [ | (@ Topology Filename: cmzn,muddm,uagnm_ E

Eh /07708 « x XX File FEdit Magnets | Options
‘“O C4 o~ Min Distance between two points b
0\ Lo) Magnets | Display Half Pole
Rotor Steel Types of Rotor: =

Select to display only half pole or complete pole]
Geonety B | [ omerts |

Number of magnets Nm 3
| Outer rotor radius R |15 [ I
R Rei -
However only the minimal symmetry of the machine | @eustc [E=0 Ee =
geometry is transferred to the FEM solver. With this \ﬁ\_cho —
is avoided that an unbalanced mesh of the complete = A Rotor Steel
pole is generated. e
Motor Quter Diameter: 53 mm
Number of Slots: 9
Number of Magnets: 6
Flots |”Mode\s
" Geometry & Material " Nodes ™ Stator " Complete @+ FEM Model :
< [T —
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The complete geometry (related to the complete BEMAF period) which is neccessary for the FEM

simulation is create by mirroring and copying of the minimal symmetries.

B PMELDC (= [ >
Magnets
Rotor Steel
Stator Steel
Coils

Motor Outer Diameter: 53 mm

Number of Slots: 9

Number of Magnets: 6

—Plots 1 ~Models

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

1.5 Parameter

Geometry parameter which are not used in a topology are hidden and only displayed when they are

used.

A

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

Iﬂ—
Iﬂ—

\nfidth of outer air ring \wogr Iﬂ—
—_—
1
Iﬂ—
|1_

Additional slots in teeth feet{0=no, 1=yes} As
Angle of slots {0 =1 slot, =0 =2 slots} Alphads deg
\Width of slots \iias mm
Depth of slots Das  [05  mm
Entrance type of slots (1=parallel, 2=radial) AsType |1—
\wiidth of inner air ring ‘Wiar Iﬂ—
\wiidth of outer air ring \Woar Iﬂ—

1.6 Release number

The release number of every topology is displayed on the right side of the bottom line.

g Topolagy Filename: CRUlb_Surface_Mount_Magm

File Edit Magnets Options
9 o

Types of Rotor: ICF{{H b_Surface_Mourt_Magnets
!Geometry Basic | Elementsl

Mumber of magnets Nm

Quter rotor radius Rro 5 mm

11

Inner rotor radius Rri

Topology Release 55-222 .:
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1.7 Pre-defined parameter of all topologies

1.7.1 Geometry parameter

@ 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

Machines with inner rotor

Rotor

e Number of magnets Nm =

e Quter radius Rro = 15

e Inner radius Rri =

Stator

e Number of slots Ns =9

e Quter radius Rso = 26,5

e Width of airgap (on one side) g = 0,9

e Inner radius (calculated) Rsi = Rro+g

Machines with outer rotor

Rotor

e Number of magnets Nm = 12

e Quter radiu Rro = 25

¢ Inner radius Rri = 20
Stator

e Number of slots Ns =9

e Width of airgap (on one side) g = 05

e Quter radius (calculated) Rso = Rri-g
¢ Inner radius 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 Basic parameter
All Topologies
UnDo and ReDo button

@ Topology Filename: CRO1b_Surface_Mount_Magnets.top

File Edit Magnets Options
Ll

r Types of Rotor: |CRD1b_Surface_M0urrt_Magneis

Geometry || Basic  Elements

Basic node angle

Decimal places

Scaling factor

Priority {0=Node Distance Factor, 1=Number of Segments}

Type of help line text
{O=parameter name, 1=value, 2=name+value, J=name+value+unit}

Bna 1 deg

Dp |2—
st [
NgPrio [0
HiType o

Bna = Minimal angle between two nodes of inner and outer radius for the geometry at the
airgap.

Dp = Number of decimal places of all parameter.
For parameter which are calculated and cannot be changed by user are the
calculations performed with the maximum total number of decimal places and rounded
for display.

Sf = Scaling factor for all editable parameter values of the geometries.

NdPrio = Flag whether in parameter group “Elements”the “Node distance factor” or “Number of

segmenets” of an arc or line should be constant if the length of an arc or line has

changed.

Type of help line text = the displayed help information of arcs, line, etc. are amended by

additional information.

Types of Rotor:  [CROTb_Surface_Mount_Magnets e |

Geometr || Basic_Bements
Basic node angle Bra 1 deg
Decimal places Dp E
Scaling factor st [
Priority {0=Node Distance Factor, 1=umber of Segments} NaPrio [0
Twedhepineten HiType [

Additionally for certain topologies:

NccType = Type of the connection between geometry and outer airgap layer at left and right

border of the complete model (none, line, closed area).

Geometry | Basic = Elemerts

Basic node angle
Decimal places
Scaling factor

Types of Rotor:  [CRO2b_Embedded_Magrets

Node chain connection to airgap {0=ncne, 1=line, 2=closed area}
Priority {0=Mode Distance Factor, 1=Number of Segments}

e [ g
Dp IZ—
S [
NccType
NiFrio [0
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1.7.3 Parameter in group ,,Elements”
All Topologies

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
=|

&
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For areas which are defined as ,Magnet” (Mat=2) is the parameter ,MagAngle” displayed. It indicates
the direction of magnetization (north pole).

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

MagAngle can be changed:

e 0 <= MagAngle < 360°mech user defined
Example

Magnets
Rotor Steel

MagAngle = 45°

e MagAngle =-999 direction of magnetization perpendicular to the longest side of the area.
Example

Magnets
Rotor Steel

The vector is not displayed in the
topology window but in the geometry
window of smartFEM.

e MagAngle =-888  direction of magnetization as calulated by the topology (default value).
After enter and apply of -888 is the calculated value displayed.
Example

calculated
angle = 90°
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1.8 User defined elements

For extension respectively change of geometries which are pre-defined by the topology algorithms a set
of ,,ToolTipButtons* is displayed when the topology is opened (except of those topologies for dxf
import). The selection of the ToolTipButtons is done by using the left mouse button. After that is the
geometry displayed as non-mirrored. This view can also be selected via “Options” for all views. To add
or select geometry elements the right mouse button then has to be used. A text for the next possible
user actions is displayed in the status line.

% PM BLDC =10) x| &S _‘
ko / O77B08 8 « x X~ X | Fe Edt Magnets

c4o 91'12#';2@113 L7 ]
it N Types of Rotor:  [CROTb_Surace_Mourt_Magnets =
" ; 1 ot 23 -
eometry | Basic |[Hements
10/ =]

User Defined Element {-1=setireset display points always}

=1 (=
M =
e
;“‘
2
3

Point: X-Coordinate x
Y-Coordinate ¥ 729942 mm
Radius r 788543  mm
Angle a 67,7706 | deg
2126/1¢ Circle:  Radius ' 128033 | mm
AreaNotConnected, Please Connedt Start angle a 305.777 | deg'~
x=-4,0974mm, y=15.6200mm, Radius=16.1484mm, Angle=104 6986 4 | »
Plots lodels =
’7 # Geometry " Material " Nodes ’;irl CiSetor,  Ciodel L:'v'rlaifl l—’v Apply Exit |
Add Cirdle: change circle properties by parameter input or define the center point of the next dircle by right mouse diick Topoloay Release 62-261 .;
Following modes and ToolTipButtons are available:
»Select Mode“ default mode after opening of a topologie
g ~Select Mode* > leave ,Edit Mode*, if selected before
Measure Distance Between N measurement of the distance between two
Points® positions selected with right mouse button.

»Edit Mode* after selection of one of the following ToolTipButtons

,Add Line"“ > add a line

»,Add Rectangle* -> add a rectangle

,Add Arc” > add an arc (Pcen, Psta, Pend)

~-Add Arc® > add an arc (Psta, Pend, Radius)

»Add Circle” > add a circle

,Add Tangent Circle" N add a tangential circle (between line-line, line-

arc or arc-arc)
add a point for definition of the material which is

»,Add Area“ -> assigned to the area in which the point is
positioned
»+Add Point® > add a point

select a point in order to change its xy-
coordinates

x>+ WHOIVION

~Select Point” >
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»Split All Intersections*

split all arcs and lines at their intersection points

»Split Element at Intersection”

split one element at its intersection

»Split Element At Mouse Position®

split an element at mouse position

XNXxY X

LDelete Element"”

delete an element.

1.8.1 Use of ,,Edit Geometry“

e Every topology is opened in ,,Select Mode* and as in all previuos smartFEM releases all
functions for selection and handling of drawing elements and parameter are available.

@ PMELDC

ka/ 708 - x &t X

oC.
0\“"‘/ﬁ«‘g\o

[=][@][=]

e The ToolTopButtons can be activated by click with the left mouse button on it.
geometry (half pole if designed) will be displayed.

Example: ,,AddLine*

€ Topology Filename: cmlh,Sudace,Muum,Magne_ ‘ =)
File Edit Magnets Options
5 ™
Types of Rotor: [CROb_Sufface_Mount_Magnets ~|
[Geometyy Basic | Bements
Number of magnets [
Outer rotor radius Rro 5 mm
Inner rotor radius Rri [ mm
Magnet bottom {1=Line, 2=Arc} MbType [IT
Magnet side {1-Radial, 2-Parallel, 3-Parallel-paralle slotsides (Ds<0))  MsType [T
Inter magnet connection {1=Line, 2=Arc} imeType 2
Radius of inner magnet corner Rmci  [1239  mm
Inner magnet radius Rmi [1152  mm
Height of magnet un o [E om [T
\ifidth of magnet wim
Angular span of magnet sphaM [B5  geg
Distance magnet - sector line omsl 057 mm
Offset type {1=Sine, 2=Sine 112p, 3=Arc, 4=Line} OfType i
Offset {Sine=Amplitude, Arc=20ffset) AmplOF [0 om

The non-mirrored

Display of the non-mirrored geometry. Simultaneously is the parameter group “Elements” with
an additional parameter is opened for the later adjustment of xy-coordinates and further
parameter. Additionally a help text is displayed in the bottom line which indicates the next
possible actions for adding the line.

@ PMELDC

oC,
o2

Fal/Im 772068 - s x/X

- N
52 | €3 Topology Filename: CRO1b Surface Mount Magnets ‘ =)
File Edit Magnets Options
G
Types of Rotor. [CRO1b_Surface_Mount_Magnets JEa|

+ Geometry € Material " Nodes

*x=2.6262mm, y=4.2016mm. Radius=4.9543mm. Angle=58.0027°
Plots

Models

= Rotor £ 9] 2}
« [ 3

AddLine define the 1. point of the line by right mouse click

Geometry | Basic || Hements

Display all elements

Total number of points {-1=set/reset display points always}
(mirrored point number = paint number + Npt)

P1

P2

3

User Defined Element ¢ 1=setireset display points ahways}

Apply

Line No. L
Are No. A
Curve No. c
Area No. Ar
Npt

1T

Topology Release 58-250
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For editing of the geometry the right mouse button has to be used.

The definition of the starting point of the line is carried out at the position of the mouse pointer
by click with the right mouse button. The point is marked by “P1”. The cartesian and polar
coordinates of the point are displayed in the list of parameters and can be exactly adapted to
the wanted position by numerical input values.

@ PMBLDC === r@ Topulugyﬁlgnamcmm,smw )
[N -7 O - v/t /X File Edit Magnets Options
9/12/1024112 (]
NP2, " ’
/ ﬁ@ Types of Rotor:  [CROTb_Surface_Mount_Magnets |
2N AW ) Geometry | Basic |[ Eements
11/ 123
= Display all elements 20
Line No. L 0
10/ Are No. A 0
Curve No. C 0
Area No. Ar 0
e e N Moo
= poi poi ,0_
26/ P2 P
[ o
User Defined Element Point: X-Coordinate x mm
— 17X Y-Coordinate y %
Radius ' [72526 " rom
Angle o [BE7E3 e
21
=
Next the end point of the line can be defined by right mouse click. Now the properties of the line
and information if it is possible open or has intersections are displayed. Length and angle of the
line can be adapted by parameter input (same as like start point).
@ pmBLDC =S EcE ) €3 Topology Filename: CRO1b_Surface_Mount_Magnets =
EAlA708 - sy /X Fle Edit Magnets Options
oc 9!12/1}12#114 9 ™
M=%

\ \

10/

26/
=1

21

CRotor-OpenLineNr.11 )

~Models |

Types of Rotor:  [CROTb_Surace_Mourt_Magnets

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 poins {-1=setreset display always)
(mirrored point number = point number + Npt)
P1
P2
P3
User Defined Element Point: X-Coordinate
Y-Coordinate

Line: Length

B o

mm

il

=
B
=

T34 1717

;‘

49638 mm

02499 mm

~
w

:

15442 mm

a 157388 deg -
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If further lines are added and with that positions on other drawing elements are selected, then
the ,snap function“ will be activated and the xy-coordinates are recalculate in such a way that

the point lies exactly on the selected element.

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

26/
=

-~

In this case is the total polyline (points 26-101-102-102) onlay connected by point 26 to the
geometry. The line between point 1 and 25 has to be splitted at point 103. For this the

ToolTipButton “Split All Intersections” can be used.

€3 PMBLDC

kA /708 - x[]s X
1S|:|Iit all Intersections

ori.e.

new line with intersections

ks 102
o \52/
105 /
v
/
e /

~Y

frstor - OpenLing Nr
Fustor - Opentina i 17

o

2/

“Split All Intersections”
- 2 open lines arise

consistent geometry after
the open lines are deleted

Seite 15 von 54



In ,Material“ view the new triangle area is displayed as ,air".

e By ToolTipButton ,,Add Area“the triangle area can be defined as parametrizable area element
and after that other material than “air” can be selected.

e Working with arc, circles and free points are done

analogous lines.

Example:
magnets  in

Other ToolTipButtons:
»Select Point*

,»Split All Intersections*

,»Split Element At Intersection”
,»Split At Mouse Position*
»Delete Element*

Area No.

additional
rotor
,CRO01_Surface_Mount_Magnets”

A B

Material {O=air, 1=steel, 2=magnet, J=coil} Mat |2_

Material No. {1<=Matho<=8} MatNe [T
Foint No. P s |7

-

Magnets
Rotor Steel
Stator Steel
Coils

holes and
topology

for adaption of xy-coordinates respectiveley radii and
angle of user defined points.

split all arcs and lines at all intersections.
split single arcs and lines at intersections.
split single arcs and lines at mouse position.

delete elements defined by user or topology.
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2 Topologien

2.1 DXF-Import

For the import of rotor and stator geometries created by users in CAD systems are per machine model
one topology “xx-CADdata.top” respectively “LM_CADdata.tol” available. A detailed description is
documented in the smartFEM UserGuide.

Example: DXF-import of a rotor geometry
Step 1: selection of the rotor topology “CR_CADdata”

”
g Topology Filename: CRO4b_Embedded_Magnets_3Arcs.top M
File Edit Magnets Options
v
‘ Types of Rotor: ICHMb_Embedded_Magnets_&ﬁms ;I

Geometny | Basic ||CROb_Suface_Mount_Magnets
1 CROZ2b_Embedded_Magnets

CRO3b_Embedded_Magnets_MNoOffset

i)

Step 2: selection of the DXF-formatted file which was created by a CAD system and contains the
geometry data of the rotor.

@ PvBLDC [S[E @] |@ Topology Filename: CR cADdatatop Ex]
R X7 File Edit Magnets Options
9 ™

Magnets
otor Steel Types of Rotor: [CR_CADdata ~|

Import File: [12510P_12k_PoleSegment_01_oh o =)

-
) Opening Data File I

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

Organisieren Neuer Ordner

A MotorDiagrams
|| 125109
| 27530P
|| Extralosses
| LMOZic 6sTp
|| SwitchedReluctance

Name

& 12510P_12k_PoleSegment_01_gh.dxf

|/ SynchronousReluctance

(A}

Plots Models
 Geometry (= Material * Nodes ’76‘ Rotor ¢ Stator ¢ Model € Complete .

Step 3: if neccessary adaption of node chains and other parameter.

3 PmBLDC [= | ® ] | @ Topology Filkname: CRCADatatop [
Bhrozre@s ki x 2 File Edit Magnets Options
9~
57
Alg Types of Rotor [CR_CADdaia =]
Import File: [T2510P_12k_PoleSegment_01_gh.dd. ol
{C} Geomeny | Basic || Bements
Display all elements B3
Line He. L o
Arc No A 19 3
Node distance factor Ndist 0.7
Factor for nonlinear node distance {-1 < fact. < 1} Nlin 0
Number f segments Neeg 20
Radivs r [[12 | mm
Apex angle a 207 | deg
Length I 149 mm
~Plets ~Modsls o &
 Geometry " Material @+ Nodes @ Rotor " Stato € Mode " Complete C -
4 m, ] r Apply Exit
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2.2 Inner Rotor Topologies

2.21 CRO1b_Surface_Mount_Magnets

€ pueLoc [= (=[5 | | @ PMBLDC Topology Filename: CRO1b Surface Mount Magnetstop =5
Magnets Types cf Roter:  [CROTb_Suface_Mourt_Magnets -]
Rotor Steel !m E&JE‘“E"'_S!
Number of magnets Nm[s 3
Quter rotor radius Rofi5 mm
Inner rotor radius Rifs  mm
|
Radius of inner magnet corner Rmci[13° mm
Wiidth of magnet wm[iz mm
Angular span of magnet MphaM [62.57 | deg
Magnet side {1=Radial, 2-Parallel} MsTyoe [1
Height of wedge Hwg[05  mm |
Magnet bottom {1=Line, 2=Arc} MbType [T
Possible geometries as result of parameter changes
Magnet Side: Magnet Bottom:

radial parallel Gerade Kreisbogen
Offset Type:
Sinus 1 Period Sinus 2 Period Line

Connection Magnet-Magnet:

Line or Arc
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2.2.2 CRO02b_Embedded_Magnets

3 PMBLDC [ =] | @ PMBLDC Topology Filename: CRO2b_ Embedded Magnets.top X
Magnets Types of Rotor:  [CROZb_Embedded_Magnets =]
Rotor;Stzel l Geometry Basic | Hements

Number of magnets Nmfe [
DOuter rotor radius Rro |15_ mm
Inner rotor radius Rri ’5_ mm
Pole width wpfiz mm
DOffset type (OType) {1=Sine 1 period. 2=Sine 1/2 peried. 3=Circ} OType |3_
Amplitude| Offset (AmplOff) Amploff [0 mm
Height of slot entrance Hee [l mm :
Slot bottom radius Rsb IT mm

Possible geometries as result of parameter changes
Offset Type:

Sinus 1 Period Sinus 2 Period Arc

2.2.3 CRO03b_Embedded_Magnets_NoOffset

€ PhBLoc [S[E] = ||@ Topelogy Filename: CRO3b Embedded M N0 P =
File  Magnets
Magnets
Rotor Steel Types of Roor: -
[ Geomery Besc | Bements |
Number of magnets Nm '-6_1
Quter rotor radius Rro F mm
Inner rotor radius Rri |5— mm
Pole width wp [T mm
Distance pocket - rotor surface Dprs EB_ mm
Magnet height Hm I-Z_H-_ mm
Magnet width \im ﬁﬂ— mm
Airgap below Magnet Abm IDZ— mm
| Focket height Hmp[25 mm
| Strut width Wst [0.8 mm
| Bridge height Her 08 mm
Radius at bridge Ror[03~  mm
Help arc radius {Rha=Rri} Rhat [35— mm
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2.2.4 CRO04b_Embedded_Magnets_3Arcs
I @) PV EBLDC

=]

Magnets
Rotor Steel

@ PMEBLDC Topology Filename: CR04b_Embedded Magnets_3Arcs.top

i)

Types of Rotor: |CRNh_Emhaddad_Magne¢s_3Ams

Goomety. Basic | Eemerts

=]

Mumber of magnets Hm |6

Quter rotor radius Rro l15— mm
Inner rotor radius Rri '-5-_ mm
Pole width wp[iz mm
Central arc width Wca Fﬁ_ mm
Central arc radius Rca Fz— mm
Peripheral arc depth Dpa '2— mm
Peripheral arc radius Rpa EB— mim

P—

m

The rotor surface is modelled by 3 arcs, 1 central arc and 2 periphal arcs (one on each left/right side).

2.2.5 CRO05b_Spoke_Magnet

Possible geometries as result of parameter changes:

@ PMEBLDC SIE=] €3 PMBLDC Topology Filename: CROSb_Spoke_ Magnet.tap |
@//\/ = 4@ Magnets Types of Rotor:  [CROSb_Spoke_Magnet -
fnf/ R Rotor Steel e | etz

Geomety;

Mumber of magnets

‘Quter rotor radius

Inner rotor radius

Redius of curvature {<=Rro} Reu
Pocket width Wmp m
Magnet width Wm mm
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2.2.6 CRO06b_Spoke_Magnet 2

@ pvBLDC [= (@ | 5z || @ Topalogy Filename: CROBb_Spoks Magnet 2top [
File Magnets Options
Magnets Types of Rotor: [CROGb_Spoke_Magnet_2 =]
Rotor Steel lmaail Emmgl

Number of magnets T

Outer rotor radius Ro [ mm

Inner rotor radius Rri l7— mm

Radius of curvature {<=Rro) Reu [ mm

Focket width vime [64  mm

Magnet width L

Magnet height Hn  [B mm

Height of non active magnet part Hoe [& om

Height of airgap between active/nonactive magnetparts  Hair lﬂ"— mm

Slot opening on top of rotor Seo [T mm

Slot opening on top of magnet S [44 mm

Plots Models Siot height on top Sho  [25  mm
Viicth of wedge on top viwgo [T mm |7

" Geometry & Material " Nodes @ Rotor (&) as = S ey lT_ _

- | P—
2.2.7 CRO07b_Embedded_Magnets_3Arcs
@ PM BLDC EI @ g Topology Filename: CRO7b_Embedded_Magnets_3Arcs.top u
File  Magnets
Magnets
Rotor Steel Types of Roor: -

2.2.8 CRO08b_U-Magnet

Geomety _Esic | Bmerts

Number of magnets Hm IG—

Outer rotor radius Rro I15— mm
Inner retor radius Rri |5_ mm
Pole width wpliz  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 |0.51 mm
Depth of pole ez mm
Distance pocket rotor surface Dprs |24— mm

Pocket hight Hmp IZ mm

@ PMELDC
A

B (s ==

File Edit Magnets Options

9 o
Magnets
Rotor Steel Types of Rotor: =
[Geometry Basic | Bemerts
Number of poles Np -
Outer rotor radius Ro [ | mm
Inner rotor radius Rri |5— mm |z
Fole width we  [1233 | mm
Slot entrance width wse B mom
Slot bottom depth Dsb P5 | mm
Slot bottom width web 2 mm
Bridge height below slot bottom Hor  [05  om
Viidth of sirgap below bridge Woepl1 2 mm
Height of zirgap below bridge Hgapll 05 | mm
Width of magnet 1 wml B mm
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2.29 CR12b_Arc_Shaped_Magnets

E g Topology Filename: CR12b_Arc_Shaped_Magnets.top | x|
File  Magnets

Magnets

Rotor Steel Types of Rotor. ICFHZb_N\:_Shaped_Magnats j

Geomedy B | Bements |

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

mm
mm

2.2.10 CR12c_Multiple_Arc_Shaped_Magnets

€ PMEBLDC = @ Topology Filename: CR12 iple Arc_Shaped_Magnets.top %
Glra/ a770688 - x ¥ Xx 7 X File Edit Magnets Options
X
Magnets
Rotor Steel Types of Rotor: [CR12c_Multiple_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
—
2.2.11 CR18d_Spoke_Magnet_3
@ rMBLDC [= @[] | @ Topology Filename: cnlsd,smke,Magnel_
File  Magnets
Magnets Tyes of Rotr =
Rotor Steel WEE‘&' s
Mumber of magnets Nm ,3— B
Outer rotor radius Ro [0 o
Inner rotor raius Ri  [3 o
Radius of curvature {<=Rro} Reu l19— m
Radius of peripheral arc Rpa lDB— e
Pocket width wimp  [16 o
Magnet width wn  [I5 o
Magnet height Hm [
Slot opening on top of rotor Soo l?..'l— l
Slat opening on top of magnet Soi lDB— T
Slat height on top Sho l15— i
Slot height on bottom Shi I
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2.2.12 CR19_V_Magnets

@ PmELDC

2.2.13 CR20d_V_Magnets

b =T =)

Magnets
Rotor Steel

File  Magnets

VT A CR19 V. Magnets =

Geometry Basic | Elements I

Number of poles
Outer rotor radius
Inner rotor radius
Depth of magnetic pole
Angle of magnetic pole
\wfidth of magnetic pole
‘Width of magnets
Height of magnets
Inner Pocket width of strut
Height of inner strut
Height of inner wedge

@ rmBLDC

EE=]

Magnets
Rotor Steel

Possible with or without bar between the magnets

2.2.14 CR21a_Triple_V_Magnets

Np IB—

Rro |‘|5— mi
Rri lﬁ— mi
Dmp |35— m

AlphaMp [125 deg

‘Wmp W mi

vin 48 mm

Hm l1—

wsi 08

et 061

Hwai 01
=

@3 Topology Filename: cnzc)d,v,Magnm_

File  Magnets

mm

mm

mm

mm

m

m

m

m

m

S

Types of Retor:  [CR20d_V_Magnets
Geometry Basic | Elements

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

@
b
=
]
=

T
o
i
2
=

o
El

2
El

2
E}

2
El

OO

2
El

El

£ pMBLDC

=dt=]

Magnets
Rotor Steel

Goomety Bas | Bement

Number of magnets
Quter rotor radius
Inner rotor radius
Magnet height
Magnet width

Inner magnet angle
Radial distance between magnets
Width of inner strut

[V

| @ Topology Filename: CR21a Triple V Magnettop [z
File  Magnets
Types of Rotor:  [CR21a_Tple_V_Magnets ~|

Wm3

Wsti

\niste

a2 8
= 8

2
El

13833

RGRI

m
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2.2.15 CR22b_Ring_Magnet

EI@ g Topology Filename: CR22b_Ring_Magnet.top

Magnets
Rotor Steel

File  Magnets

Types of Rotor: ICHZ‘zb,ng,Magnet

[(Geomety Eesc | Boments |

Mumber of poles

Outer rotor radius

Inner rotor radius

Radius of inner magnet corner
Width of magnet

Angular span of magnet

Magnet side {1=Radial, 2=FParallel}
Height of wedge

Magnet bottom {1=Line, 2=frc}

2.2.16 CR23b_Surface_mount_Segmented_Magnets

Np IG—
Rro |15— mm
Rri i5— mm
Rmei[13 mm
Wm |13 mm
AlphaM |50 deg
MsType i1—
Hwg mm

1]

MbType |2

B PMELDC

C=IrEE=]

Magnets

Rotor Steel

o Topology Filename: CR23b_Surface_Mount_Segmented Magnets.top g

File  Magnets

Types of Rotor: [CR230_Surface_Mourt_Segmented_Magnets

Geomety Bosc | Eemerts |

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

2.2.17 CR24_Spoke_Magnet_4_ Undercut

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

Mp lG—
Rro l15— mm
Rri |5— mm
Hmlz— mm

Nms l3—
Wms |4,14 mm
Wst[07 deg
AlphaMp |53.32 deg
Wmp |13.46 deg

IpeType IZ—
Rhala mm

@ PMEBLDC

IES

= =EE]

Magnets
Rotor Steel

@ Topology Filename: CR24_5pohe_Magnet_4_Undem.lt._ o]

File Magnets

Mumber of magnets
Quter rotor radius

Inner rotor radius

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

BVl (CR 24 Spoke Magnet 4 Undercut a7
|| Geometry Basic | Elements

i &
= 2

F]
-

&
=
22 2 3
5 5 5 3§

T

w
g
&
|
3
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2.2.18 CR28_Embedded_Block Magnets

@ PMEBLDC

f=la=]|e

Magnets
Rotor Steel

B
Topolagy Filename: cnzs_EmbeddEd_am_Magnem [
File  Magnets Options
BV A (CR 2?8 Embedded Block_Magnets £

Geomety Basi | Bemerts |

Humber of magnets Nm B
Quter rotor radius Rro |15— mm
Inner rotor radius Rii s
Magnet height Hm l23— mm
Magnet width Wm lﬁ— mm
‘wiidth of air gap on top/bottom MphirGap ID‘I— mm
Distance magnet pocket - rotor surface Dmprs l3— mm
Plots Models Type of magnet pocket {0l T=vithouthwith ears} [
’7 C Gemetty & Moterial i s v R & Sito i : Distance of help arc above Rri Dhal lD— mm
4 . 3
2.2.19 CR29_Embedded_Arc_Magnets
© PMBLDC [ ][@ 5 | @ Topology Filename: CR23 Embedded Arc Magnetstop [x]
File Magnets Options
Magnets
Rotor Steel Types of Retor:  [CR23_Embedded_Ac_Magnets ~
[Gomy ] [ | [Bmeris
Number of magnets Mm |2—
Outer rotor radius Re [5 mm
Inner rotor radius Rri l5— mm
Magnet height Hn [ mm
Magnet angle AlphaM |160 mm
Distance magnet - rofor surface oms [I mm
Distance of help arc above Rri Dhat lD— mm

Flots

i~ Geometry

& Material

" Nodes

Models

" Rotor " Stator
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2.3 Stator Topologies for Inner Rotor Machines

2.3.1 CSO05b_Without Pole Shoe

@ PMELDC [= (=[5 | {| €3 FMEBLDC Topology Filename: CS05b_Without_Pole_Shoe.top =)

Stator Steel

Coils

Possible with parallel tooth sides or parallel slot sides:

2.3.2 CS06b _IEC Based

Types of Stator. [CS05_Without_Pole_Shoe =]

" One Coil Per Slot * Two Coils Per Slot

Geometry Basic | Elements

Number of slots Ns[s

OQuter stator radius Rso ’25— mm
Airgap g ’DS-— mm
Inner stator radius Rsi[153  mm

Slot type {1=parallel tooth sides, 2=parallel slot sides} Stype |1

Slot/Tooth width Softt 3 mm

@) M BLDC [=][®m][=]

Stator Steel
Coils

€3 PM BLDC Topology Filename: CS06b IEC Based.top =

Types of Stator:  [CS06b_IEC_Based =l

" One Coil Per Slot * Two Cails Per Slot

Number of slots Msfo

Outer stator radius Rso[30  mm
Airgap ofoe mm
Inner stator radius Rsi ,W mm
Slot opening So2 mm
Centre of et entrance radius (1-slot enirance line, 2eslotmidline} ~ Cse 2~ | _
Slot entrance height Hse ,D57 mm
Dot A A S coo

Dimensions of different IEC electric steel lamination catalogues can be applied.

Seite 27 von 54



2.3.3 CS07b_Short_Teeth

y

Q) PMBLDC "= [= 5= | € PMELDC Topology Filename: €5075 Short Tecthitop [
“\Oc q Stator Steel

0\ O Coils Ll G507 _Shor_Testh =

" 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— mm
Possible with trapezoidal / parallel sides of the windings
2.3.4 CS08b_Offset und CS08c_Offset
= (@)% | © PMELDC Topology Filename: 508k Cffsetiop Cx]
Stator Steel Types of Stator: | C508b_Offset =l

Coils £ One Coil Per Stot @ Two Cails Per Slot

i [Geanety | Base: | Bements
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 ‘

m

CS08c includes additonal properties compared to CS08b
Offset Type:

Convex arc concave arc Sinus 1 Period

Magnets
Rotor Steel
Stator Steel
Coils

Example: representation of the machine geometry
with sinusoidal offset of the pole shoes
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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

[« LS [EEE=]
oC.
N\ = Stator Steel

Coils

Plots

Models

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

3 Topology Filename: €525 Ring Coils.top

File  Magnets Options

Types of Stetor:  [C525_Ring_Coils

~

Geometry Basic | Blements

& Two Coils Per Slot

Radius at slot entrance Rse [0 e
Yoke width wy  [855  mm
Material of upper struts {O=sir, 1=steel} Mes I

Ieftiright side {D=air, 1=steel) Mesde [t
Material of lower struts {0=air, 1=steel} Mis [

leftright side {0=air, 1=stesl) Msie i
Additional slots {0, 1, 2} As N

angle of additional slot edge Alphafs ,14— i |

widh of additional slot wes I |

depth of additional slot Des 1
‘wiidth of outer air ring \nioar ,1— 2

Apply |

Possible with or without additional grooves at the airgap to reduce cogging torque

2.3.9 CS26_U_Pole_Shanks

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

2.3.10 CS30_Unsymmetric_Inner_Radius

Coils

This is a special design of a

T.Bmc == Switched Reluctance Motor so
woCaq called “Plusmotor” based on the

P O Rotorsteel | patent EP 0 782 781 Bf
7 N Stator Steel

(published 09.07.1997), which
was analysed by Stefan Weber
and documented in  his
“Diplomarbeit” (2002, Technical
University of llmenau Germany).

@ rmainc == =]
oC.
Stator Steel
Coils

For the design von 1 and 2phase motors

52 | | €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

EI@ ro Topology Filename: CS$55_Single_Wire_R05.top |i“
File Edit Magnets Options
L L)
Stator Steel
Coils Types of Stator: |C555_Single_Wire -]
Coils per Slot: C (* 2Coils
Geometry % Elements
Number of coils Ne ’57
Quter stator radius Rso ’V mm
o g [06  mm
Inner stator radius Rsi 156 mm
Minimum yoke width ity EE
Slot opening width So E
Plots Models Wifire diameter Dwi ’r mm
© Geomety & Material ¢ Nodes @) & Stor O coe Number of slats per coil Nspe [T mm
] ' Coil span angle Tau_c ’W deg

2.3.12 CS56_MGPM_1Airgap
Magnetic Geared PM Machine (2.11.1, page 45)

2.3.13 CS58_Segmented

With this can stator segments consisting of several geometrically different stator poles be
modelled.

Example: 1 segment with each 5 slot (= 5 stator poles) whereby one slot without winding

@I PMBLDC (=@ = |@ Torokoy Filename: C558 Segmented.top ‘ [
. File Edit | Magnets | Options
=24 R
Alphas Stator Steel
Coils Types of Stator: [C558_Segmented |
Coils per Slot F1Cal €
[Geometry Basic | Bements
Number of slots | Number of tecth Nsing [
[ Humber of slot per segment Neps [T mm
Stator outer radius Rse [0 mm
Airgap width Gw [06 mm
Inner stator radius Rsi  [156  mm
Yoke width Yo [ mm
Tooth width Tw A7 mm
Slot/Coil width Sew  [06  mm
plos R 5 Empty slot tooth tip width Tt 0707 wm
" Geometry # Msterial " Nodes C Rotor @ Stor € Mot o) o oot bottoen vadth T [ mm
: — L eniry widih Sew [06  mm

- 15 stator segments resulted from 75 stator poles
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€ PM BLDC

Motor Quter Diameter: 60 mm
Number of Slots: 75

Number of Magnets: 70

Plots Models

" Geometry v Material " Nodes " Rotor

2.3.14 CS59_Segmented

(" Stator

Magnets
Rotor Steel
Stator Steel
Coils

" Complete " FEM Model

* Model

€3 PMBLDC

Motor Quter Diameter: 60 mm
Number of Slots: 12

Number of Magnets: 16

Plots Models

" Geometry {+ Material " Nodes " Rotor

Same as 2.3.13 CS58_Segmented whereby
the segment on the left side is completed
without slots.

E=13 ECR =

Magnets
Rotor Steel
Stator Steel
Coils

Coils

+ Model " Complete " FEM Model
Q@ PmBLOC s[E])[=
L
oC
c,\“/‘”“\’q\o Stator Steel

Plots. Models

@ Material " Hodes

 Geometry  Smtr (g
0 =
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2.4 Outer Rotor

241 OCRO1b_Ring_Magnet

[« LIVETd = = | & PMBLDC Topology Filename: OCRO1b_Ring Magnetiop 2]
Magnets
Rotor Steel Types of Retor.  [OCRO1b_Ring_Magnet =1

AlphaP = 30° Geometry Basic | Hements
Number of magnets Nm [12
Outer rotor radius Rro [25 mm

Inner rotor radius Rri |20 mm
Height of magnet Hm [2 mm
deg

Angular span of magnet AlphaM [30 |

Width of magnet ‘afm 11.3% mm

Possible designs:

2.4.2 OCRO02b_Rectangular_Magnets

€3 PMBLDC = = /s | @ PMBLDC Topology Filename: OCROZb_Rectangular_Magnetstop [ ]

Magnets Types of Rotor: lOCRDEbeectangularﬁMagnets ;j
Rotor Steel IT"“?‘W .?EEE.J =

Number of magnets Nm iﬁ—

‘Outer rotor radius Rro !25— mm

Inner rotor radius Rri !20_ mm

Rator shape {1=circular, 2=polygon} RsType !1_ mm

Material above magnet {1=air, 2=steel} Mat 11— mm

Height of magnet Hm 12— mm

Wiidth of magnet wm[io mm

Possible designs for rotor surface and material above the magnet:

Arc, Air Arc, Steel Polygon, Air Polygon, Steel
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2.4.3 OCR17c_Segmented_Magnets

@ Py BLDC

[==]=]

Magnets
Rotor Steel

T

S
€3 Topology Filename: OCR17c_Segmented Magnets.top ‘

[

File Magnets

Types of Rotor

Geoneny Bas | Sanarts |

IORC17c_Segmented_Magnets -

Number of poles
Outer rotor radius
Inner rotor radius
Vidth of pole
Magnet arc angle

MNumber of magnet segments

Width of magnet segments

Possible design with or without beveled magnet sides

@ PmELDC

= 3

2.4.4 OCR22b_V_Magnets

Np IG—
Rro “RrisHm-ly 20,06 mm
Rilzg5  mm
wip [1258 | mm
AphaM [i05 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

Geometry Basic | Hements

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 £ .

File Edit Magnets Options

9 o
Magnets
Rotor Steel Types of Rotor:  [0OCR23_Sufface_Mount_Magnets ~
Geometry Basic | Eements
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 o [19 mm
Hms 4.2 mm
Rm i 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.

@ rmsLoC E@ @ Topology Filename: OCR23s_Surface_Mount_Magnets:top. x
Era/a770€@ - x & x /X File Edit Magnets Options
@\‘“ c4o Magnets oe
75 \ Rotor Steel Types of Rotor:  [0CR23a_Suface_Mount_Magnets |
Number of magnets [L I
Outer rotor radius Ro 5 mm
Inner rator radius R B o
Height of magnet Hm o 5 om
Width of magnet wno 5 m
Magne side {0=parallel, =radial) MsType 0
Height of magnet segment Hrs B8 mm
Radius of magnet segment Res T om
Radius of magnet corner Rme. mm
Width of yoke Wy IAS— mm
2.4.7 OCR23b_Surface_Mount_Magnets
@ rmeLoc EE=] [« B8 Filename: OCR2
RAN@/ O77068@ - kX / X File Edit Magnets Options
9 o
Magnets
Rotor Steel Types of Rotor:  [OCR2%_Suface_Mount_Magnets ~l
[[Geomety Basc | Bements |
Number of magnets [N
Outer rotor radius Rro B om
Inner rotor radius Ri [0 mm
Height of magnet Hm 25 mm
Width of magnet wm  [15 mm
Height of magnet segment Hms 17 |imm
2.4.8 OCR23c_Surface_Mount_Magnets
@ rPmELDC [o[@][=]
RAN@&@/ 3770688 - x & X/ X File Edit Magnets Options
\ oc 4 9
o o Magnets
; Rotor Steel Types of Rotor:  [0CR23c_Surace_Mount_Magnets ~]
Number of magnets N 2
Outer rotor radius Rro [ mm
Inner rotor radius Rii 2732 | mm
Height of magnet Hm 77 mm
Width wm  [615  mm
Width of inner corner wmi  [5488  mm
Height of segment Hms 4 mm
Height of outer side Hmo [553  mm
Central arc radius Rea [263 mm
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2.5 AuBenlaufer Stator

2.5.1 OCS05c_Without_Pole Shoe

£ PyeLoC o |l = [ | @ Torology Filename: OCS05c Without_Pole_Shoe R09.top [ =]
File Magnets
Stator Steel
Coils Types of Stator: [OCS05¢c_Without_Pole_Shos =]
" One Cail Per Slot * Two Cails Per Slat
Geomeny e | Beerts |

Number of slots Ns [5
Air gap alos 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
Tooth width at slet entrance tse [3 mm
Slot width at slot entrance wse[10.T  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 bottem Wsb[352 mm

2.5.2 O0OCS06b _3Arcs and OCS06¢c_3Arcs
(== 52| @ PMBLDC Topolagy Filename: OCS06b_3Arcs.top =5
Stator Steel
Coils Types of Stater 2

" One Coil Per Slot & Two Coils Per Slot

Geometry Basic | Elements

Humber of slots Nefs 3
| Air gap g ’F mm
Outer stator radius Rso ’1517 mm
Inner stator radius Rsi[5 mm
Width of pole shoe s [115 mm
Slot opening So [1.23 mm

Example with representation
of the motor geometry:

Q1 emeLnc el
\ ,9_(:‘4 Stator Steel .
@",}f 0 ok OCS06¢c_3Arcs same as OCS06b_3Arcs with the
N possibility to design the tooth with or without
parallel tooth sides.

Plots Models

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

@ rmeinc == E=n | @ Topology Filename: OCS22e_Parallel_Slots.top =
File [ Magnets
Stator Steel Types of Stator: [0CS22e_Parallel_Sits |
Colls o] # Two Coils Per Slot
Geometry Basic | Elements
Number of coils Ne 9
Air gap a 08 mm
Outer stator radius Rso 19,4 w7
Inner stator radius Rsi 9 —
Tooth width it 4.6 mm
Slot depth 1 Sd1 7. mm
Slot opening width 1 Sle 1.5 mm
Slot depth 2 {0 = no slot} Sd2 1 mm
Slet 2 opening width inside SZoi 1 mm
Slot 2 opening width outside S20 |3 mm
Bira nitrheadios Rhn 165 e
Magnets
Rotor Steel
Stator Steel
Phase U Coils
Phase V Coils
2.5.4 0CS23a_Asymmetric_Pole_Shoe
@ PMELDC (o) @[ 5| |@ Torolosy Filename: (e e |

Zum Design von 1- bzw. 2-phasigen Motoren

Stator Steel
Coils

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

The topologies of brushed motors are the same as for outer rotor machines.

[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
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27 S

2.71

ynchronous Motor

CR30_Wound_Field_Winding

@) PMEBLDC

[==]r=]

Rotor Steel
Coils

€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 %

Ritor pole surface radivs RRFF [13 mm
Width of pole-shoe wes 5 mm
Height of pole-shoe HPS 328 mm
Pole-shoe edge PSedge 05 mm
Radius at pole comer RC [0 mm
Plots Models Whcth of coil-form wek 36 om
€ Geomety @ Material " Nodes & Roor € FEM o - Dol ocE B e
< I v Viidth of field cail-side WFCS [25  mm
2.7.2 CR37_Field_Winding
) synchronous Motor [e@]=] B Topology Filename: CR37_Field_ x
@,/ 770688 - v Xk /X File Edit Magnets Options
CR
Rotor Steel
Coils Types of Rotor:
& 4Cails
[Geomety| Bt | Bemens
~
Number of poles Np ]

Outer rotor radius Rra 5 mm

Inner rotor radius Rii B |mm

Vlidth of pole vip R om

Vfdth of shaft Wsh P Jmm

Loy
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2.8 SR Motor (Switched Reluctance Motor)

2.8.1 CR25 Reluctance
For the design of 2-pole reluctance machines.

[ =]

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: cn;zs,mamance,n;zz.m,-= |

File Edit Magnets Options

9 o
Rotor Steel
Types of Rotor: z
Geomey _Basc | Eemerts
E
Mumber of poles Mp l2—
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 lﬂi— mm
o Models Pole type {0=arc, 1=arc with step} Ptype ID—
) - Slot bottom raius Rsb P5  mm
[LCEorchy e o . e fﬁ%l i ok ‘ﬁ': 2 Distance of help arc {D=no help arc} okl [ mm El
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2.8.2 CR32_Reluctance_Stepped

For the design of 2-pole reluctance machines whereby the rotor is stepped at the outer rotor radius to
define the start direction.

(=[O s

Rotor Steel
Stator Steel
Coils

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

—Flots 7 Models
" Geometry e Materizl {~ Modes " Stator " Model * Complete lunzliigne| { Iy
| 4 | 1 _; 3

__

In view “Complete” can the rotor be rotated into the alligned , unalligned or any other position.

) 5R Motor =@ [z [ Topology Fiename: cnzs,nelunznce.m- )

% File Edit Magnets Options
oC. Lo

Rotor Steel
BV AL CR25_Reluctance: -

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 6 wm |z
Inner radius Rei [14 | mm
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2.9 Synchonous Reluctance Motor

2.9.1 CR31_Synchronous Reluctance

For design of 4 pole synchronous reluctance machines with 1, 2 3 or 4 barriers.

@ Sync. Reluctance Motor EI@
Rotor Steel
Stator Steel
Coils
Motor Outer Diameter: 53 mm
Number of Slots: 9
Number of Poles: 4
Flots Models
" Geometry t+ Material " Nodes " Rotor Stator " Model {* Complete |EEEE " FEM Model
In view “Complete” can the rotor be rotated into the d-axis, g-axis or any other position.
e (= [@ 2| @ Topolosy Fiename: CR1 Synchronous Reluctanceop I =)

\ File Edit Magnets Options
)

Rotor Steel
Types of Rotor: =

Geometry Basic | Benent |

Number of poles nmo
Outer rotor radius Ro 5 mm
Inner rotor radius Rr ]5__ mm
Channel width at cuter diameter Chinf ]5— mm
width at base ce & mm
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2.9.2 CR33_2Pole_Synchronous Reluctance

For design of 2 pole synchronous reluctance machines with 2 barriers.

@ Sync. Reluctance Motor EI@
Rotor Steel
Stator Steel
Coils
Motor Outer Diameter: 53 mm
Number of Slots: 9
Number of Poles: 2
Plots Models
" Geometry {+ Material " Modes " Rotor " Stator " Model * Complete |Q-Axs ” FEM Model
gSync. Reluctance Motor EI\EI 'g Topology Filename: CR33_2Pole_Synchronous_Reluctance top |i‘
File Edit Magnets Options
g
Rotor Steel
Types of Rotor: ]CFl3372PnlafSynchmnnusfFle\umanca j
Geometry Basic | Elements
Mumber of poles Np 2 1
Outer rotor radius Rro 15 mm
Inner rotor radius Rri 3 mm
Channel width at outer diameter Chw 5 mm
Fiots e i width at base ChB 4 mm
" Geometry = Material £ Nodes + Rotor " Siz (e - depth ChD 155_ i
o = 4 : Total number of flux barriers M.Fb 2

Seite 43 von 54



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-Machines with Magnetic Gear

2.11.1 CS56_MGPM_1Airgap

For design of Magnetic Geared Permanent Magnet Machines with one airgap. Reference: “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)

%M suoc oo )

oC.

Stator Steel
Coils

Plots Models
" Geometry {* Material " MNodes €] {* Stator &) £ Co e
] i | E
Example:

€3 Topology Filename: CS56_MGPM_1Airgap.top

File Edit Magnets Options
9™

Types of Stator: [C556_MGPM_1Argap

Coils per Slot: 1 Coil

Geometry Basic | Hemenis

Number of slots
QOuter stator radius
Air gap
Inner stator radius
Vidth of yoke
Wdth of tooth
Slot opening

Height of slot entrance
Height of pole shoe

Width of pole shoe
Number of modulators

Outer width of modulators

El
=

g
E]

2
=

=l
E]

Fl
|

AT
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2.12 Magnetization of Inner Rotors

2.12.1 MDO1d_Outer_Coil (Magnetising Coil)

) P Magnetization [= [ [ ] [@ Topology Filename: MDOLc Outer Coiltop ]
\“\0’__(;4 File  Magnets
=04) Stator Steel
Coils Types of Ststor: [MD01e_Outer_Col |
(&) & Two Cails Per Slot
Geanety. P | Bemera |
Humber of slots Ns [E
Quter stator radius Rso [25 mm
Air gap gfos mm
Inner stator radius Rsi[i56  mm
Slot opening So [0
Height of slot entrance Hse [0.17 mm
Type of cenductor {1=circle, 2=rectangle} Crype [T
Radius of conductor Reo[2 mm

Presentation of a magnetizing device for ring magnets with 6 poles

2.12.2 CS01c_Measure_Ring_Magnetization

) 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

Magnets
Rotor Steel

A “stator” made out of air is modelled to calculate the flux
density in the airgap between rotor and stator.
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3.1 Linearmotor

3.1.1 LMO02c

@ PM Linear Motor EI@
A

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

By parameter , Type of Model (O=non-periodic, -1=periodic)” can user select between non-periodic and
periodic geometry. This function is available in different linear motor topologies. Reason is that losses
only can be calculated of periodic linear motor models.

File Edit Magnets Options
™
Types of Rotor: | LM02c =
Coils per Slot: o * 2 Cails
Geometry Basic | Hements
-~
Type of Model {0=non-pericdic, -1=periodic} |"I
Number of slots / Number of teeth 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

Numteror S5 RN B ¢ e L
MNumber of Poles: 7

Mumber of Magnets: 11

Airgap: 0,8 mm

PERIODIC MODEL
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3.1.2 LMO021c

Same as LM02c with enhancements

@ 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

LMO021c as periodic model for loss calculation

@ 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
PERIODIC MODEL

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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3.1.4 LMO04

@ 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 MODEL

3.1.5 LM10
@ PM Linear Motor EI@
Magnets
Platen Steel
Forcer Steel
Coils

———— w‘llll

MNumber of Slots: 6
Mumber of Poles: 7
Number of Magnets: 13

Airgap: 0,9 mm
NON-PERIODIC MODEL

Design with single layer winding and modification of the teeth between the different phases.

@ PM Linear Motor EI@

Magnets
Platen Steel
Forcer Steel
Coils

—— e e e e i

MNumber of Slots: 6
Number of Poles: 7
Mumber of Magnets: 13
Airgap: 0,9 mm
NOMN-PERIODIC MODEL
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Design with double layer winding.

€53 PM Linear Motor

Era/m770@8 - vt x /X

[= = s

Magnets
Platen Steel
Forcer Steel
Coils

File Edit Magnets Options
9

Types of Rotor:  [LM10° -]
Cails per Slot: @ 1Coil ¢ 2Co
[ Geometry _Basic | Bements
~
Type of Model {0=non-periodic, -1=periodic i |
Number of slots Ns I
Total motor width wmet [B4 | mm
Input parameter {0-=\mu. 1=s} winutels [T
Motor unit width o [ mm
Stator pole width W fE om
Humber of testh Nt |
Stack hight Hst [ mm

Design with different width of the teeth presented as "periodic” geometry. By this is it possible to

calculate electric steel and magnet losses

3.1.6 LM11

a PM Linear Motor

EIEN
cut =ZTRL:#.F_T+G')
=0

Motor Width: 84 mm
MNumber of Slots: 6
Number of Poles: 7
MNumber of Magnets: 13
Airgap: 0,8 mm
NON-PERIODIC MODEL

3.1.7 LM422

E=8 ECR =<~

Magnets
Platen Steel
Forcer Steel
Coils

@ PM Linear Motaor

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

(=8 508 ==

Magnets
Platen Steel
Forcer Steel
Coils
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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
With double layer airgap winding

€3 PM Linear Motor ===

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  Actuator

41 LAO4

oC.
e\HO

B/ O7706E - kX /X

Platen Steel
Forcer Steel
Coils

File Edit Magnets Options
9 o

Types of Rotor:  [LA04_Actuator

Coils per Slot © 1Cil €

[ e | Bonns|

Width of Stator
Height of Yoke
Width of slot
Depth of slot
Width of tooth
Wiidth of airgap
Width of middle airgap layer
Wiidth of mover
Height of mover
Display force path and move vector {0=no, 1=yes}
Distance between force path and mover

Length of move vector

Wstator  [25 mm

Hy 3 mm
vis 3 mm
Ds 5 mm

mm
mm

mm

mm
mm

dFPM mm

—
—
o

wmov  [15 mm
—
e
pE
—

MViength mm

4.2

LA_CADdata

Actuators have a very client specific design. By the topology “LA_CADdata” can geometrias which are
created with a CAD program be imported into smartFEM as DXF drawing and simulated. For details see

“UserGuide*.

Example:

La}-‘er
NS
= M2z 2 =

=1 2D Madel
£ Layer
b Mutto - Hide
=" Default
<=7 smartFEM-BasicParameter

bgz? smartFEM-Materials

TAx L]LA_Actuator_UserGuwde.dft X

Type of Motor = Actuator

CoordinateSystem = xy

NPhasas = 1
Ns =2
NCoilsPerSlat = 1
CompletePole
i
‘ Air ‘ |
ForcePoth
Steal; Rotor
g -5
Steel; 5 N Steelic
Ar Movelector
Steel; Sty Steel, Sarffor
kir kir Air
[oi; Stofor, Shtinded 2 [oi; Stofor, Slptime: = 1
Steelifotor Steel; potor
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Presentation in smartFEM after DXF import

[ +] o |[@][R]
/077088 - xtXx/s X

Platen Steel
Forcer Steel
Coils

o
file Edit Magnets Options
9 o
Types of Rotor:  [LAD4_Actuator ~]
Cails per Slot: @ 1Cil
[Geometry Basic | Bements
Wiidth of Stator Wstator [5 mm
Height of Yoke Hy )
Width of slot Ws B~ mm
Depth of slot Ds B mom
Width of tooth wt 5 Jmom
Width of airgap 9 oo mm
Width of middle airgap layer gm [025 mm
Width of mover wmov  [15 mm
Height of mover Hmov 2 mm
Display force path and move vector {0=no, T=yes) [
Distance between force path and mover aPi 015 mm
Length of move vector MVlength [6 mm

smartFEM rotates the imported geomtry in such a way that the movement direction is aligned with the

x-axis in order to calculate the horizontal and vertical forces.
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5 Personal Notice
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