d nor\d O presented at the 15th Weimar Optimization and Stochastic Days 2018 |
L‘{ Source: www.dynardo.de/en/library
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Electrical machine development workflow
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Product development workflow Motor

Design
Limited
Test & Design Engineer
<
I\/Iotor Type & Topology + Model Calibration Reduced Order
. Models & Flux
Operation Linkage/Loss Maps
C t of o R
Uggﬁ:ﬁﬂnns ”E"";',‘igt"’” Main?ggance

. Validation g
Project Requirements System
Definition and Verification
Architecture and Validation -
Design Optimisation & [ntenration
. . Detailed Test, and Project
Drive Cycle Analysis Design Verification Test and
L Integration
[ lmplzmezntztion N L
Design B W\ R System
Engineer i e — > \ ¢ X, Engineer
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Motor-CAD & optiSlang

Electrical machine design with Motor-CAD and optiSLang
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Design

Motor-CAD software % Motor
Limited

Application specific tool for design and simulation
of electric motors

 EMag: template driven 2D FEA combined with
analytical equations for fast calculation of
motors electromagnetic/electrical performance

* Therm: heat transfer and flow network circuits
automatically set up to give quick steady-state
& transient thermal predictions

* Lab: provides efficiency mapping, continuous &
peak torque envelopes and duty cycle transient
thermal analysis within seconds/minutes

Easy and fast model setup and calculation adapted
to motor design concept studies and optimisation

www.motor-design.com 7
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Motor-CAD EMag % Motor
Limited

Many geometry options for housings, rotors, slots, windings...

www.motor-design.com



Motor-CAD v7.47.1 (No File)* - =
Print  Hel,

Motor-CAD EMag

e Extensive range of
parametrised templates

geometries | 4
. . 0 I ]:_.';- \.\“:C. =

o Add|t|.onal flexible DXF .
or script based Created USINEDXRE" &
geometry definition f JL#%{« /8

* Fastest FEA W3
electromagnetic solver

* Smart loss calculation

algorithms speed up
solving

e Standard or custom

Winding designs y Rotor Ge/ometry
Created using Script

www.motor-design.com 9




Motor-CAD Therm

 Thermal and flow network
analysis of electric motors & - —
generators

S E et

4
4

Temperature [C]

* Network set up automatically
using proven mathematics for
heat transfer and air/fluid flow

a 160 160 200 220

100 120 1
Time [rmins]

o
m

ST R
=
51
@
-
@

£33 Motor-CAD v10.51 (PM_v3.mot)” DEVELOPMENT RELEASE
File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print Updates Help
@ Geometry | [ ] Winding [ input Data | f}T} Calculaion| £ Temperatures Output Data | £ Sensiivity | €) Scipting | 24 Flow |

* Extensive range of cooling types e ——

Steady-State Housing[FHAmD

HousingIRF-Amb

HoAme
Housing[R-ATb

Housing[FLAmD HAme

400C  WIIF] £25C  WJA WIIR]

88.5C

e 20 years of practical
manufacturing experience built
in to assist quantify
manufacturing issues

X
HIR}2 + H-Hoh[R}

Yoke[Outer] + Lam-H
+Housing]radisl

HIF)2 + H-Hon[F]

Endoap[R-Amb

Tooth + YokelTth

Pecap|R}-FerglRI2

Plot Options

Fower
ar

Noge:

2 Label

@ Temperzture

* Able to run complex thermal
transient duty cycle analysis

raftEs

Rotor{inner) + Rotor-Shaft + Shaftjradial] PeH{R}POGIRY2
E3

wmac
ShaftFl2 20,00

ShafifF)y $04C

Shafi[RYZ

teration=8/1000  Max Emor=0%/0 125% Node=Ambiert Temp=40.0C Length mm 14 November 2017 www motor-design com
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& Moator-LAB v1.3 - Viewer - oliEN
r Contour Mode | Grid On | Show Drive Cyde | ShowLecend  ExportFigure  ExportData  Refresh Drive Cyce M Oto r
4

e Fast and accurate calculation of ﬁ
the motor electromagnetic and

thermal performance over the e _ - | |
full torque/speed envelope = ¢ |
* Automated calculation for e ‘ mf/\'\ WM

maximum torque/amp or (Al

215 ]

0
| zas:

maximum efficiency control e | | | =p
* Co-simulation between EMag e i -

and Therm gives a quick and R J By A 1]
accurate prediction of the N T | N S\ ‘
continuous or peak torque s |
envelope within the electrical E Rl o
and thermal limits of the W —rworinna| |
machine R TR+ - ~ -

Timeis)
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Limited
Design Improvement
Optimize performance

optiSLang software () ig:}; Motor

Design Understanding
Sensitivity analysis,
meta-models

CAE-Data }i
Measurement >g
Data

Model Calibration
Fitting between simulations
and measurement

Design Quality
Design robustness and
reliability

Sigma: 2868,
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Motor-CAD and optiSlang Motor

Design
Two process integration using Activex connection and Python scripts Limited

1. Custom integration: convenient solution, easy to use

£ MCAD _TESLA_S60_IM_v5.mot - C/WOST/Projects/TESLA_S60_IM - MotorCAD input - MotorCA... = x % MotorLAB_thermalenvdata.mat - C:/WOST\Projects\TESLA_S60_IM\MCAD_TESLA_S60.... O X
Farameter B/ . =
& MotorCAD._input — & Matlab_mat_output 74 Variables = o
Bar_Depth_Ratio
- - Absolute path ~ | rojects/TESLA_S60_IM/MCAD_TESLA_S60_IM_vs.mot P | 0 [ ~
RSl ojects/T 5601/ = —07He.mo = Relative to working dir ~ || « \ MotorLAB_thermalenvdata.mat Lol Open | Irms8_r_therm
Bar_Depth_T_* Tnputs hd &
Outputs Irms8&_s_therm
Motor_Length * =
Name Value Index entry_1 ad Irms_r_therm
Rotor_Lam_Length * Name Value entry_1 ~ —
"7 Rotor Tooth Width 1 Stator_Bore 157 471 Dimensions | Irms_s_therm
— - 1 Shaft_Torque [5] __Workspace__ ° | pg therm
Slot Depth * 2 Airgap 0.5 472 Dimensions e
Slat Denth Ratio 2 Drive_Cycle_Tor... [601] _ Workspace__ % | P_therm
>lot_Depth Ratio 3 Banding_Thickn.. 0 473 Dimensions P
Slot_Number q Thick 0 474 Di : 3 Rotor_Current_R... [5] _Workspace__ : -sh_therm
Slot Opening * 4 eeve_Thickness imensions | Pd8_wj_therm
® | slot_Pitch_Length 5  Magnet_Embed... 2 475 Dimensions 4 lron_Loss Stator... [5] —Workspace__ | Pd_sh_therm W
< > P < >
6  Shaft.Dia 50 476 Dimensians 5 Magnetizing_Cu... [3] —Workspace_
Input slots — Output slots
Standard slots 7  Axle Dia 15 477 m ( ';_J __Workspace__ Standard slots
"
8  Slot Number 60 478 _Workspace__
9 Pole_Number 4 479 _ Workspace__
10 Tooth_Width 4 480 L |’ L ' L | _Wgrkspace_
s i3 B % [y b [
11 Slot_Width 7 481 B b D ~ b P _ Workspace_
- v AL | A\ v AL - A\ v AL
Slot Depth 19 482 ~ - N .
12 R MotorCAD input MotorCAD solve MotorCAD output _Workspace_
_ Workspace__ hd
< > Show settings [] mstant visualization | € >

2. Self-made script: more effort required, more flexibility
www.motor-design.com 13
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Case study

Cage induction motor: TESLA model 60S
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Motor
Design
Limited

Baseline: TESLA 60S

Copper rotor induction motor

Main dimensions | Value [mm]
Stator diameter 254
Housing diameter 282
Stator bore 157
Tooth width 4
Slot depth 19
Slot opening 2.9
Bar depth 23.87
Airgap 0.5
Active length 152
Machine length 280

4 poles/60 slots/74 bars Housing & Shaft cooling

www.motor-design.com 15




TESLA 60S: winding §§;§ Do
- Limited

T D (’i‘, IJ??%
) o WO LU LUITTRR /S ea Ny

Turns/coil lor2 / ;E-%‘}\a‘\&\‘ l ’ i /7//; ‘3%%‘ 08 80

Slot fill factor 0.37 . {y\\\\ | ////g, , 80 08

Coils/phase 12 8438 ,' (/’/\ 25 08 80

O O

B3
4443
O <0
o %%
QO O
QO O
QO O
O O
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Estimated performance (Motor-CAD Lab) % Motor
Limiteo

Peak torque characteristic

450 Peak performance: Torque vs Speed

Ref Tesla S60 Parameters

400

 Max. speed: 15krpm

[

o

=
T

e Max. current: 900Arms
 DCvoltage: 366V

Torque [N.m]
%]
S

[

o

=
I

[

=

=
I

0 5000 10000 15000
Speed [rpm]

www.motor-design.com 17



Design

Estimated performance (Motor-CAD Lab) % Motor
Limiteo

Continuous torque

Continuous performance: Torque vs Speed

190

180 | + Parameters

or * Max. rotor cage

temperature: 220C

160 -

—_—
on
=

* Max. stator winding
temperature: 180C

Torque [N.m]
2 3

120 -

110 -

100

Ref Tesla S60

90

| |
0 5000 10000 15000
Speed [rpm]
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Scope of work Motor
Design

Maximize continuous performance Limited

19 Continuous performance: Torque vs Speed

Questions

180

1o * How?

e Which drawbacks?
e Which solutions?

160

—_—

on

=
I

Torque [N.m]
2 3

120

110 -

100

Ref Tesla S60

0 5000 10000 15000
Speed [rpm]
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Problem setup

Motor-CAD Lab & optiSlang workflow

www.motor-design.com 20




Motor-CAD

Fixed parameters

Maximum envelope

» Stator OD, max length

Winding configuration

» Turns/coil, slot fill factor...

Slot/bar combination
Cooling system, materials
Drive settings

» Maximum current

» DC voltage
Temperature limits

» Rotor & Stator

www.motor-design.com
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Steady-State H-Amb Housing[R]-Amb

Housing[R}-Amb

Motor-CAD

Lab module < Thermal module

& Motor-CAD v11.2.3 (MCAD_TESLA_S60_IM_v5.mot)* DEVELOPMENT RELEASE

Housing[F1'2 HIRLZ + H-Hoh[R]
Yoke[Outer] + Lam-H
+Housing|radial]

50.0C

Housing[R}2 Housing-Ecap

+Ecap

Potting
ECapES +Potting-Housing

Potting
+Potting-Housing

Pie{5t yoks)
50.0C Stator Yoks[Back Iron}=
s0.0c || Liner + Liner1am
|

ECap-ES

File Edit Model Motor Type Options Defaults Editors View Results Tools

LT
> " Pwi2 Pend/PactPend Wag-EW
M\ Model Build | ﬂ“ Calculation | ©» Blectromagnetic F Themal |1E Duty Cycle | == s0.0¢
. P Winding Active
qu“d'm' Plot Options Peu(EW)

Themal Map Type: Speed: (Ef; starcs: 50.0C/50.0C 30.0C Peu (Active)

- r @) Labe -

Envelope . 5E4 ‘ = iE Brg-ES . EndRingESF /R

Maximum: | 1.5E 8:"' . Felicoth) FEndRing(F] / PBar | FEndRing[R]
N ETE ) Power
Ul vMap —
Step 3500 Qar 50.0C/50.0C/50.0C
. } + Rotor(Outer
Themal Calculation: Node i mE R xS
. Minimum: |1000 ‘ OLabe . cLg B
I‘@ Stead)' State g (®) Temperature Pfefrotor) Rotor-ES Era2 + B SR
(O Capacitance -
(\D Transient 8 ) + Rotor-Shaft + Shaft{radiai] Shaft-ES Q‘ :
Maximum Temperatures: Psf{R}+ForglR} 5 gc
‘ | - -

Themal Limit: Stator Winding: | 180 ‘ 1 G  — - Al ’
(O Stator Winding Only ‘ Shaft[R}2 e Shaft/Ry2 ShaftfR-Amb + ShaftiExt)
\ or ¥inaing Uni

Rotor Winding: |220

(® Stator + Rotor Winding

Continuous performance: Torque vs Speed

Maximum Winding Node Max. Cument 190

7~ 180 - T
(U Average [] Limit on Max. Current ol |
(® Hotspot 7 160 - 1

Initial Current Estimate:

Torque [N.m]
5

Stator Curent (Peak): 6365 |

Stator Current (RMS): |450.1 1o}
1o

0 5000 10000 15000
Speed [rpm]
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optiSLang ) % "D"gstgn

Optimization directly applied to Motor-CAD system Limited
k) ARSM )
ryY r 3

1 »P @ + More accuracy
a4 Vet © ed < ke ,; No understanding of the

MotorCAD input Mu:rtu::rC.AD solve Motor-CAD output —
causality of the problem

Optimization based on sensitivity analysis and meta-models generations

b ol >, e
& Sensitivity » ﬂ ‘
' PP_reduced )

'y 4+ o Validator System ‘

| Al » +

‘ : é\ =

L "cie h ) ? h ) ‘ E ) » ' d 0 eenetiesssereeesen

L ) ) . é 3 .
MotorCAD input MotorCAD solve Motor-CAD output L) | > ’I l L‘ ) N ’ y » ) Q M- » ) 9

N : NLPQL : Append design Validator PP
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optiSLang ) % "D"gstgn

Optimization directly on the Motor-CAD system L mited
3 ARSM S
ryY 3

| . » @ - Loss of accuracy

Ly ? P o/ p- p P »? e Pp- -‘l "'— Postprocessin .

ot L4 S e Great understanding of the
MotorCAD input Mcrtu::rC.AD solve Motor-CAD output + )
causality of the problem

Optimization based on sensitivity analysis and meta-models generations ﬁ

- "
= Sensitivity > ﬂ : I
' PP_reduced S
'y » _rg i Validator System
| ‘ a ‘
’ © >’ B
L) o1 » b ? h N E ! h— > X &l 0000 essssastarisssassssssssassss
& ) i é b .
MotorCAD input MotorCAD solve Motor-CAD output L) i > ’I l L‘ ) W ’ l » ) Q h » ) Q

N : NLPQL : Append design Validator PP
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Design

optiSLang ) % Motor
Limited

Variables and bounds

Parameter Value

Slot depth/Stator thickness 0.3; 0.6]
Stator ID/stator OD (0.55; 0.75]
Stator tooth width/Slot pitch 0.3; 0.6]

Rotor bar depth/Rotor thickness |[0.55; 0.75]

Active length 90; 152] mm

Rotor tooth width 2.5;3.7] mm

www.motor-design.com
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Results

From the sensitivity analysis to the optimization

www.motor-design.com 26




itivi ' Motor
Sensitivity analysis Desian

Advanced Latin Hypercule Sampling, 250 designs, all succeeded Limited
# Sensi_LAB - Sensitivity O pd
Parameter Start designs Criteria Dynamic sampling Other Result designs
f& Feasible Duplicates Status Bar_Depth_Ratio Bar Depth_T_ Motor_Length Rotor_Lam_Length Rotor_Tooth_Width Slot_Depth Slot_Depth_Ratio ~
1 ' étrue Succeeded 0.2535 11.1638 262.02 134.02 3.1984 33.3775 0.5898
2 0.2 true Succeeded 0.2995 13.22 263.012 135.012 3.3808 29.2503 0.5178
3 0.3 true Succeeded 0.3615 17.7564 252.844 124.844 3.4096 224692 0.4362
4 04 true Succeeded 0.4155 18.8469 260.284 132.284 207712 21.058 0.381
5 0.5 true Succeeded 0.3025 14.5511 278.388 150.388 3.6352 22.8493 0.435
249 0.249 true Succeeded 0.4815 29.3744 272932 144932 3.5632 21.8487 0.5514
250 0.250 true Succeeded 0.4895 25.1378 245404 117.404 3.6976 19.7203 0.4002 »
4 >
Selection mode: (@ Designs () Columns () Individual Cells [ ] mstant visualization Use as start design(s)
Show additional options oK Cancel Apply
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Meta model of prognosis (MOP)

Meta-model for the torque at 8000rpm

Linear Regression approximation of T8_therm

OUTPUT : T8_therm

Motor
Design
Limited

Coefficient of Prognosis = 99 % ' [ | s
T~ 3L el
_/_,/"// fe= — e "/’,.-.(o.’ .
— T —— e
il ™= o sSAW?
/4/ . e e
e g PLE
]
o
160+ ;g L
b
25
Aol
1401 ?‘ -
— /' ® l % B 4
[es} 4 ;
120 A =
=3 o| 2= Bar_Depth_Ratio: 0.37500 =
® O = I 1 I
X 80 100 120 .
3 Data values ] I
100 — =
6 o0 Coefficients of Prognosis (using MOP) ‘Slot‘DEpth‘Ratm' 0.45000 = ‘
full model: CoP = 99 % <5 I
T T i
L ] <+ INPUT : Tooth Width Ratio
80 - —— g 8 % ISplit_Ratio: 0.65000 zl
S @
s B —— Een INPUT : Slot_Depth_Ratio 25 [ ]
/,/’ > 8 y Y%
e B INPUT : Split Ratio ‘Stator_Lam_Length: 121.0000 - ‘
e B 29 %
~ 2 €5
0 5%580 6 e - I
20 6:6 W=t —~ INPUT : Statog_Lam_Length
s -6%.66) cg PR | I Tooth_Width_Ratio: 045000 3
Plit 0 = 0 20 40 60
Ra 10 0 ‘0.7450 CaoP [%] of OUTPUT : T8 therm 5] I
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Meta model of prognosis (MOP) |‘D’|g§%’

Slot depth ratio impact Limited

|Bar_Depth_Ratio: 0.37500 4 |Bar_Depth_Ratio: 0.37500 5]
o S i e £ i
B ——[Slot_Depth_Ratio: 0.33944 2] T T [slot_Depth_Ratio: 0.59243 2]
i s 1 i s ]
g |plit_Ratio: 0.65000 2 [T |plit_Ratio: 0.65000 2]
160- S 0 160- S 0
‘Stator_Lam_Length: 121.0000 = ‘ |Stamr_Lam_Length: 121.0000 = |
140 R i 140 S 1
I Tooth_Width_Ratio: 0.45000 4 [Tooth_Width_Ratio: 045000 2]
= B ~
@
* 120 * 120
o 2
3 3
100+ 100+
80 - 80 -
0. '5—\"“’--\\_ =101 0.5¢ cg 100
%‘ 580.6 s _—" 110 100 % 580.60 6 — % 110
b6 650\ = gt uie F0 68y’ — 130 %0 ength"
T 130 en s e
io ‘0 74 50 S‘ator 450 S\"at -
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Single-objective optimization: EA & NLPQL I\D/Ig;:%r

* Similar designs obtained from EA and NLPQL optimizers Limited

Objective History

Objective History
T T T T T T T T T T T T T T T T T T T T T T T T T T
2 ?
~N B
~
o =] Best de%'.lgn (Ca‘lculated) |
¢ ET‘ * Constraints fulfilled
= o History (T8_therm_o)
S 5
Sg| 1 =8
=Y == ]
)
—~ —
[sa] o}
@] (o]
o
+ | il
—
o
oL * il
— N
Best design (calculated) 2
¢ Constraints fulfilled 200000000t tttststed 116 N ot .
o i i ini NHIPIOOOIOTe i j“:ir
History (T8_therm_o) 116 Li
L. L-In ‘Crn o S = s Ch (“’1 l\ > & rﬁJ 'I\ ‘I_‘ T} é\ ol II\ ‘l_' L‘n é\ an r‘\ “_| LL’} C‘h (_‘q “)r‘\ _‘_' L‘n L L 1 1 1 1 1 1 1 L 1 L | I 1 1 | I 1 | | | | | L 1 1 1 1 1 I I | & | L | |
— I~ M N =S I~y A~ N A~ N A~ Nn =~~~ A
- 4 N N N M ™M T T F WOV VW OV N~ N0 0 o0 o0 o0 o0 o A A 8N M ™~ O 3 00 - W N OwOOMmWOoO SN 0N 0maON WO MBSOTST @ - 1N 0N O O
. o = = = = — -~ — N 0N w0 O NM T O~ O = M NN = NS WNW WO N M S WO~ W
Optimization Designs o = -1 = = A NN NN NN NN M MMM MMM T T T T T T T
Optimization Designs
~ 3.5% error between .
= . 0 c
E 8
g ]
& T8 [her'rﬁfl{égmulatew IVI O P 5 TE_therm_o (calculated)
. 5. | ; 175
v T8_therm_o (MOP) E] T8 therm_o (MOP)
g -169.41 g 169.408
2 2
o O
Motor-CAD
i i i i 1 I
80 100 [ 20 40 . 60 80 100
Relative Size to Criteria Range [%]

| i
0 20 40 60
Relative Size to Criteria Range [%]
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Single-objective optimization ﬁ\‘ §§E§B"§§%%
e

Torque maximisation (continuous operation, 8000rpm) Limited

Ref. TESLA
ARSM, EA, NLPQL

SAME ACTIVE
LENGTH

.

www.motor-design.com
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Single-objective optimization DSS%rn

Trade-off between continuous & peak performance! Limited
22G(.‘.uc:-ntinuuus.. performance: Torque vs Speed 450 Peak performance: Torque vs Speed
2007 400
180 —
£ £ 350
Z 160 Z
© ® 300
= =
T 140 o
O O
- = 250
120
Ref Tesla S60 Ref Tesla S60
. b Single-obj - ARSM
100 | g::g:zzg _:ESM 200 Single-obj - EA
Single-obj - NLPQL Single-obj - NLPQL
80 ' ' 150 ' '
0 5000 10000 15000 0 5000 10000 15000
Speed [rpm] Speed [rpm]
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To go further...

From the sensitivity analysis to the optimization
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Single-objective optimization: ARSM I‘D’IOtOI’
esign

Active length set to the maximum value (152mm) Limited
450 Peak performance: Torque vs Speed - Continuous performance: Torque vs Speed
' 200 | 4
400 8000rpm [
- 180
— 350 — \
£ £
Z Z 160
@ 300 ®
= =
o o 140
2 250 2
120
200 + Ref Tesla S60 Ref Tesla S60
Single-obj - ARSM N\ 1001 Single-obj - ARSM
Single-obj - ARSM - Fixed length ' Single-obj - ARSM - Fixed length
150 : ' 80 . .
0 5000 10000 15000 0 5000 10000 15000
Speed [rpm] Speed [rpm]
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New MOP (300 designs) "D"gst%"n
MOP for the continuous torque at 8000rpm Limited

Linear Regression approximation of T8_therm
Coefficient of Prognosis = 99 %

e Continuous torque limited by the stator

* Allocated space for copper and iron materials
determines the density levels in the machine
(current density, magnetic flux density)

 Temperature hotspot increases due to higher - 160
resulting losses
» _ - 140 :
Coefficients of Prognosis (using MOP) =
full model: CoP = 99 % oo‘
LA _ INPUT : Tooth Width_ Ratio
2 16 % L 120
z INPUT : Slot_Depth_Ratio
. ‘ 33%
2 I |-~

1

INPUT : Split_Ratio |
59 %
7 y | |
20 40 60 80
CoP [%] of QUTPUT : T8 therm
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Design

Multi-objective optimization on the new MOP % Motor
Limited

* Maximisation of the
continuous AND the peak iy
torque at 8000rpm (EA) ]

* Pareto front shows trade-off N '

between peak and continuous 5 ae
performance 1R
* 3 designs selected "' oo
> Design 596 :
> ~163/406 N.m w5 WL
» Design 559 ‘ % Bk
D ~ 169/401 Num «----ssreergpeeemmmeeeeee Sy

»Design 386
- ~172/395 N.m -

-
-
-
-
-
-
-
e
—___——
-
-
-
-
-
-
-
el
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Design
Torque maximisation (continuous operation, 8000rpm) Limited

SAME ACTIVE
LENGTH

Single-objective optimization % Motor
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Single-objective optimization 'E;'ggt%rn

Trade-off between continuous & peak performance! Limited
Peak performance: Torque vs Speed Continuous performance: Torque vs Speed
500 . . 220 . -
450 — 200 ¢
400 180
£ £
Z, 350 Z 160
® ©
= =
Z 300 T 140
o
it it
250 | 120
Rel Teala 960 Ref Tesla S60
200 Multi-obj - EA - Fixed length - Pareto 386 100 | Multi-obj - EA - Fixed length - Pareto 386
Muiti-obj - EA - Fixed length - Pareto 550 Multi-obj - EA - Fixed length - Pareto 559
Multi-obj - EA - Fixed length - Pareto 596 Multi-obj - EA - Fixed length - Pareto 596
150 ' ' a0 . .
0 5000 10000 15000 0 5000 10000 15000
Speed [rpm] Speed [rpm]
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Conclusion
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Conclusion %ggggn
, Limited
Motor-CAD and optiSlang together
* Easy integration of Motor-CAD into optiSlang environment

* Optimization applied either on the best model resulting from a sensitivity analysis
or directly on Motor-CAD.

* Possibility to optimize an electrical machine over its full speed range and within
the thermal/electrical limits.

Case study: Tesla 60S

e Pareto front obtained from a multi-objective optimization showed that Tesla
design presents a good compromise between continuous and peak performance.

Outlooks
* Different operating points from the torque speed curve may be considered

e Constraints on other performance (efficiency, power factor...) may be added.
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Thank you for your attention
Any questions?
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Motor Design Software by Motor Design Engineers

Motor Design Ltd
5 Edison Court | Wrexham Technology Park | Wrexham | LL13 7YT | UK
Tel. +44 (0)1691 623305
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