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Introduction

“Parametrics” offers a simple technique to create variants of an electrical machine design by parametric
change of geometry parameter, simulate and evaluate them in order to improve and optimize the design
with regard to certain result parameter.

The application consists out of two modules:

a) ,Parametrics.exe"

An application which creates automatically model variants by ,linear” variations of geometry
parameter and provides information to the user in order to evaluate the results.

Jinear* — start value, step width, number of steps

b) ,ProjectExplorer.top*
Evaluation of results with regard to a specification of targeted result values.

- Presentation of the results in a suitable format for a simple evaluation.
- Selection of those model variant which results are within specified limits.
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,,ProjectExplorer.top*

In order for graphical evaluation of the simulation results a special 2D-Plot shows all results of all model
variants

.- objective value 2

» Filtering of the results with respect to assignable |

rs
limits. Only those results will be displayed which fuffill -~ 7 ™~ . objective value 1
the limits (min. limit <= result value <= max. limit) g~ 7"
liegen.

* n-dimensional 2D-Plot

- maximum limits are on the outer circle and « - LI 22T 7T
minimum limits on the center (or vice versa). “‘

- The limits can be changed during evaluation.
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The software is developed as rotor topology with filename
“ProjectExplorer.top”. It can beopened after start of smartFEM
via the menu "File - New - ProjectExplorer”.

@ smartFEM Corel
File | View Tools Windows Help
3 New sg=N ||
5 Open 3
H save 0 select Motor..  — [m] X
Save As —Type Of Motors

Export for Meshing " PM BLDC - Inner Rotor
DXF Export
FEMAG ' PM BLDC - Outer Rotor

Generate Project Report
Open Working Folder € PM DC Brushed Motor

CihelmoCAD\Entwicklung' Topol ' PM Magnetization - Inner Rotor

Exit

" SR Motor
~ Sync. Reluctance Mator
" Universal Motor

i~ PM - Linear Mator
Afterwards a window for import of the result file

~ModelFileName_Pv_Results.txt“ pops up.

{* Project Explarer

Apply | Exit

° Topology Filename: ProjectExplorer.top X

File Edit Magnets Options

Py
Types of Rotor: | ProjectExplorer |
Import F\Ie‘[ . I (L]
I Explorer Basic | Limits
o Opening Data File
- v <« Parametrics » _Temp > Test » ~ [ S "Test" durchsuchen
Organisieren ~ Neuer Ordner =+ [
S
Test Lo Name Anderungsdatum Typ
@ OneDrive E Test_non-linear_Pv_ListOfParameterVariat.. 10.07.2020 13:09 Textdokument
Test_non-linear_Pv_Results.txt 13.10.2020 14:08 Textdokument
[ Dieser PC
) 3D-Objekte
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For every model variant a polyline is drawn within a circular area whereby the corner points are related
to the results between the related minimum and maximum limits.

ame = Test_non-linear. mot
er variation within limits=17
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Overall min/max results

Results From Cogging Torque Calculation
T.cogging min=0,20Nm Pv=0005
max=0,41Nm Pv=0012
min=15,50V Pv=0015
max=17,80V Pv=0016
min=15,43V Pv=0015
max=17,77V Pv=0016
min=0,47% Pv=0005
max=2,32% Pv=0012
min=5,85% Pv=0005
max=11,33% Pv=0016

BEMF.U.rms
Harmonic.No=1
Harmonic.No=3

Harmonic.No=5

Results From Nominal Torque Calculation
T.cogging min=0,17N Pv=0005
max=0,38N Pv=0016
min=15,44V Pv=0015
max=17,77V Pv=0016
min=15,44V Pv=0015
max=17,76V Pv=0016
min=0,69% Pv=0005
max=2,25% Pv=0016
min=0,00% Pv=0001
max=0,00% Pv=0011

BEMF.U.rms
Harmonic.No=1
Harmonic. No=3

Harmonic. No=5

Results From Overview Table
T airoan  min=1 04Nm Pv=0015

Plots Models
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[= @[ ]| @ TopologyFilename: Projectexplorer X
File Edit Magnets Options
9 o
Types of Rotor: [Projectbplorer |
Import File: [Test_ronfmear_Py_Resdts bt |
Exporer Basic | Lmts
Reset p
ScaleType p—
Display results from Calc RuFrom 7
e selected 14 -
Results From Cogging Torque Calcuiation Tocosging 02527 Nm
BENF U.rms [735 v
HarmonicNo=1 [T v

Results From Nominal Torque Calculation

& ’f/c/sncy

Results From Overview Table

T cogging
“Type oftarget value {D-outwards, 1=invards}

From Results From Cogging Torue Calculation

The text box on the left side of the graphic window contains following information:
- File name of the source model "master-mot-file" or the name of the folder which contains different

model file and which results are displayed.
- The number of model variants which results are within the limits defined by the user.
- The values of the geometry parameter of the selected model variant "Selected Id" or the file name.
- Min/max values of the results of all model variants which results are within the limits and their Id.

HarmonicNo=3 [0

HarmonicNo=5 [

T cogging
BENF Ums

Harmoric.No=1

HarmonicNo=3 [0

HarmonicNo=5 |-

Tairgap
Tshaft
Losses total
Povier factor
Efficiency
TVType

1d of min value

min value

Aeply Exit

As far as the result file contains the line " | Display Results | ... " are only those result columns
displayed which are indicated by "Yes" or any other sign. If no sign is specified then the results are not
displayed. The selection of results to be displayed can be done also later in the parameter tab "Limits".

Results of Parameter Variation
[
I
Pv-Ident Status |
geeal finished |
Baa2 finished |
8a83 finished |

The results can be filtered by

defining the min/max limit values
of the results in the parameter tab

"Results”.

FileName=Test_ linear.mot
Parameter

29.84.2021 14:59:13

o576 m

Results_From_Cogging Torque Calculatio

Harmon
3,389
3,388
3,197

I
Display Results | Yes
S-g S-Wtse=S-Wtsb | T.cogging[Nm] BEMF.U.rms[V]
e,7 4,6 | 8,1819 17,41 17,4 8,1658
8,7 4.4 | 8,1817 17,4 17,39 28,1694
0,8 4,6 | 8,1561 16,78 16,77 8,1651
T.cogging TvType
Results_From_Cogging_Torque_Calculations
Id of min value 25
min value 0.0

min limit

Id of max value

max value

max limit

0.000623 Nm

0.0203 | Nm
00203  Nm
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Details of the displayed information:

e Grafic chart with polylines

The polyline which was selected by right
mouse click is displayed in another
color and with ident of the model file
variant.
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e  Window for parameter input an d displays
of results and limits.

Control parameter

Results of the selected model variant

LSelected ID".

The selection can be done by right mouse
click on the related polyline and by input of
the ident number in the parameter field
~selected ID".

Display of the results of both polylines with
minimum and maximum results and
corresponding limits. The limits can be
changed by parameter input.

By parameter ,TvType* can the direction
of the minimum respective maximum
result values changed over:

E:
ol
i T.cogging
S
@ Topology Filename: ProjectExplorer
File Edit Magnets Options
L S ]
Types of Rotor: | Project Bxplorer =
Import File: [Test_nondinear_Pv_Results bt =[]
[Expiorr Boso | Lmas |
~
Reset selected min/max values Reset 0
{0=no, 1=min max, 2=0 max, 3=0.10"exp}
Type of presentation PresType 0
ﬁ]iOnCilcle. 1=OnZero}
Scaling ScaleType 0
{0=max limit values. T=overall max values}
Display results from Calculation Type {0=no, 1=yes} RvFrom 1
Id of parameter variations selected Id |
Results From Cogging Torgue Calculation T.cogging 0.2527  Nm
BEMF.U.rms 1735 |
Harmonic.Mo=1 17.3 '
Harmonic.No=3 0.7365 | =
1
1
1
Power factor
Efficiency .
T.cogging TvType iﬂ
Type of target value {0=outwards, 1=inwards}
From Results From Cogging Torgue Calculation Id of min value 15
min value 0,1576 | Nm
min limit 0.1976  Nm
Id of max value 12
max value ;C.iCEE Mm
max limit 04063 Nm
BEMF.U.rms TvType iﬂ
Type of target value {0=outwards, 1=inwards}
From Results From Cogging Torgue Calculation Id of min value !11
min value 15.5 W
min limit 15,5 i
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m|n|mum |n3|de and maximum outside

T.cogging TvType ID
. Type of target value {D=outwards, 1=inwards}
From Results From Cogging Torque Calculation Id of min value |5
T.cogging min value
min limit
Id of max value |12—
~ max value IC.iCE3 Nm

T.cogging TwType |1
. Type of target value {0=outwards, 1=inwards}
From Results From Cogging Torque Calculation Id of min value |5

T.cogging min value
min limit
Id of max value 12
max value 04063  Nm
o

e Parameter tab ,Limits”

In this parameter tab can the min. and max. limits per result parameter be specified and whether the
result parameter are displayed in the parameter tab ,Explorer”. The actual selected result parameter
is displayed in red color and the de-selected in light gray color.

Types of Rotor: |Pm)ect Explorer L]

Import File: |Tedinon4inearjvje!u?ts,htt = 2‘
i Explorer | Basic m

T.cogging (D=hide, T=display) [1_
min. Limit |0,1976  Nm
max. Limit |04063 Nm

S BEMF .U.rms {D=hide, 1=display} [1_

V- min. Limit  |15,5 Vv

@
%

max. Limit |17.89 v

Harmenic. No=1 {0=hide, 1=display} [0] @

min. Limit |1543 v
T'COgging max. Limit |17.77
Harmonic.No=3 {0=hide, 1=display} |0

min. Limit [04731 %

o}
tongnsien eno
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Display of parameter tab ,Explorer*
without the results of ,Nominal Torque
Calculation*:

Filename = Test_non-linear. mot
Number of parameter variation within limits=17
Parameter values of selected Pv=0016
R-Rri=6,00
R-Rr0=16,00
R-Rmci=13,00

Overall min/max resuts
Results From Cogging Torque Calculation
T.cogging  min-0.20Nm Py=0005
iax=0,41Nm Pv=0012
BEMF.Urms  min=15,50V Pv=0015
max=17,89V Pv=0016
Harmonic.No=1 ~ min=15,43V Pv=0015
max=17,77V Pv=0016
Harmonic.No=3  min=0,47% Pv=0005
max=2,32% Pv=0012
Harmonic.No=5 min=5,85% Pv=0005
max=11,33% Pv=0016

Results From Overview Table
T.shaft min=0,96Nm Pv=0007 - \ %
max=1,00Nm Pv=0016 oD ) &,
Losses.total min=46,67W Pv=0015 N Verview %
max=57,68W Pv=0012 P
Powerfactor  min=0,99 Pv=0015 &
max=1,00 Pv=0016 S
Efficiency min=0,84 Pv=0007 N
max=0,87 Pv=0005
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