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Outline

ANSYS RMxprt- design pack for major
electric machines in mathematical formulae.

SmartDo- script settings for IM optimization
with constraints.

Case study- optimal design of Induction
motors

Concluding Remarks




2D FEM for optimization
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Electrical machine Design: RMxprt

Driving conditions

Q%% ﬁﬁﬁ’

Rated speed S @
Rated power 1
Current input N
Inputs % Outputs
§ |
Dimensions Air gap flux density
Mz.lter_lals MY rem—rees Output torque
Windings /W\ — - Efficiency
A
Value | Unit |Eua|uated
_Name Setupd |
_Enal;:uled [w [
_Operatiu:un T... Motor Maotor or generator [v
| |Load Type  ConstSpeed Mechanical load ty... [
| |Rated Outp... | 7460 W 74600 Fated mechanical ... [
| |Rated Volta... 220 v 2200 Applied or outputr... [
| |Rated Speed |3523.2 rem 3323 2rpm Given rated speed [
| |Operating T... 69.8 cel 59.8cel Operating tempera... [
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SmartDo Optimization
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2] Link Workbench Madel ©
WB Program Location|C./Program Files/ANSYS 1 Browse
WB Project File Hy/SmartDo_20151006/ts Browse
Update Project | Import Parameters | Export DV to WB | Cancel |
DV Mame  \WB_Par IDWB_Par_Mame WB_Par_Value Lower Bound Initial Value Upper Bound —I

smartdo x(1) P1:Hs0O — | 0.85 (05 0.85 1

smando x(2)  PT:Hst — 2555055 [1 [2s 5
smartdo_x(3) PB:Hs2 — 2444945 |1 2.3 ]
smartdo_x(d) P2Bs1 — 5 |3 5 7
smartdo_x(5) P3:Bs2 —-‘| 5 3 5 7

smando x(6) P4:BsD — | 05 |03 0.5 D.SI

. Qbj Name WB_Par_ID:WB_Par_Mame WB_Par_Value
smartdo_obj ' ! o _n

Optimizer

Option

-
~
-
~
~

Optimizer Controls

# of Design Variables |9
# of Constraints |1
Max # of Design Loop | 1000

OK| Apply| Cancel

¥ RCFDM : Gradient-Based (smartdo_ioptmzr=1)
" RGA : Robust Genetic Algarithms (smartdo_joptmzr=2)

(" SPS : Smart Particle Swarm (smartdo_joptmzr=3)

FDM : Local optimzation (smartdo_idflt=1)

FDM : Local optimzation with DV normalized (smartdo_idflt=3)
CFDM : Global optimzation for naisy constraints (smartdo_idflt=10)
RFDM : Global optimzation for noisy abjective (smartdo_idfle=12)
RCFDM : Combination of CFDM and RFDM (smartdo_idflt=15)
SMDS : Smart Dynamic Search (smartdo_idflt=20)




SmartDo optimization with RMxprt
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Parameter setting in ANSYS WB

Project Schematic

Bl A @ ANSYS Maxwell - MaxwellProject - RMxprtDesign1 (RMxprt Design) - Machine - [MaxwellProject - EMxprtDesi
1_' T Fle Edit View .Prcject Machine RMxprt Tools Window Help
B e - iDwH| % BB & (X o i |

=3 I@ Salution v — —
— 4 rf;ﬂ Parameters ]

RMxprt Interface

cject Manager

=-[F MaxwellProject
5@ RMxprtDesignl (Three Phase Induction Motor)
[pd Parameter set i EI@ Machine

m-f Stator

E'EJ Rotor

A N SYS W B 17 Bottomslot

Interface e Shat
[]—--ﬁ Analysis
[—]@ Optimetrics
£ @ DefaultDesignXplorer Setup
V] Results

-] Definitions

RMxprt Design

Properties

Unit |Evaluated Va...
0.85mm

|0.85mm
2.115612mm Motor parameters
. | .. | 3.239985mm |
| 0.5mm
ay, | | 7.769957mm | tOpO|Ogy

i, | 7.769957mm |

Omm

Motor parameters setting



Parameter setting for constraints

Oby Mame WE_Par [D'WE _Par_Mame N8 Par \Value

4

smartda_obj  P3100-EffiencyParamster — | B.5769000090000087

Constraint \8_Pas ID-WE_Par_Name W8 _Par Value Operator Allowable Vabue isplay!
smantdo cnstm(1)  P8RotorBarMatenaleightParameter — | 0SE7TE < <57 | [al il
. Range
¥: Function. ..
Category: Quantity:l _"_1 Function:
irGapAmpereTurnsParameter ~ m
ArmatureCopperDensityParameter abs
. ey e ; acos
CO ] St ra N CO q] d It | 0 N S . nrmatheCoreSteeIDerlmtyParameter inidh
ArmatureCurrentDensityParameter ang_deg
ArmatureParallelBranchesParameter ang_rad
B re a k D OW n TO rq u e ArmatureThermalLoadParameter asmh
[— asin
. BackEMFFactorParameter
; atan
ROtO rwe Ig ht BreakDownslipParameter atanh
BreakDownTorgueRatioParameter cos
POWG r fa CtO r ConductorsperSlotParameter cosh i
EfficencyParameter $m—:1ut:_lg
. EquivalentRotorStackingFactorParameter d
EquivalentStatorStackingFactorParameter dB 10normalize
LockedRotorCurrentRatioParameter dB20naormalize
LockedRotorTorqueRatioParameter SBC |
MoloadPowerFactorParameter dZﬁs
MoloadSlipParameter even
PowerFactorParameter £Xp
i int
—Updata Report RatedslipParameter b v
RotorBarCurrentDensityParameter
¥ Real time Update: D mbrrRari=bariziNancitiDeramatar i = £

Cutput Variables. .. ! Cptions. .. I Mew Report

Close



Outline of All Parameters

Design parameters in SmartDo

. C D
- Design parameters |
7 =] __Tnnut Parameters |

3 I= & ROVt CEsign (A L) ||
4 b P2 Bsl 1.77 [ ]
5 b P7 Hs1 3.1158 [ ]
& b e Hs2 3.24 [ |
7 b Pi0 EHs0 0.81802 [ ]
8 b Pi1 BESO 3.8123 [ |
] b P12 BHs2 3.5018 —_l
10 b P13 BBS1 7.7298

1 b P14 BES2 2.0921 [ ]
12 b Pi5 RotorID 42 [ ]

=

14 |E CQutputParameters

15

16 pd P5 100-EffidencyParameter 8.5322
17 pd PS 10-BreakDownTorqueRatioParameter | 4.1823
18 pd P8 RotorBarMaterialWeightParameter 0.56959
=

20 | Charts |

\WB Program Location |C:/Program Files/ANSYS] Browse

\WB Project File |H;/SmartDo_20151017/G  Browse

UpdateProjectl ImportParametersl ExportD\.-’toWBl Cancell

DV Name
smartdo_x(1)
smartdo_x(2)
smartdo_x(3)
smartdo_x(4)
smartdo_x(5)
smartdo_x(6)
smartdo_x(7)

smartdo_x(8)

WE_Par ID:VWB_Par_Mame

P2:Bs1 —

PTHs1 —

PHs2 —

P10:BHs0 —

P11:BBS0 —

P12:BHs2 —

BEREEEE

P13:BBS1 —

P14:BBS2 — |

WB_Par_Value Lower Bound Initial Value Upper Bound

53 5 [10

256 |05 256 5

24 [os [24 5

27 [os 27 5

133 1 [133 5

88 |5 o8 [12

7742871 |5 7742871 [10
451003 |2 451003 [10

(

-
Obj Name

WE_Par ID:VWB_Par_Mame

\WE_Par_Value

smartdo_obj  P5:100-EfficiencyParameter —l‘ 8.5769999999999952

\\

Constraint

WE_Par_ID:WEB_Par_Mame

smartdo_cnstrn(1)  P8:RotorBarMaterial\WeightParameter —i
n

optimization objective and Design constrain

\WB_Par_Value Operator

Allowable Value

0567173 < —| |0.5672




Optimization feedback to ANSYS WB

(] SmartDO_06_0 b ‘ A B c 5
1| i3 i Parameter Name T vale [
— EUALUATING FUNCTION UALUES = |E Input Parameters | |
—— EUALUATING FUNCTION UALUES = Rr:i_t'b__"[ii | 1
EVALUATING FUNGTION UALUES 3 @ pribesign AL | |
4| b P2 | Bst 7.4569
CYCLE 5 COMPLETED; OBJ - 8.5375e+@88; UMAX 6.2588e 004 5 | & p7 | hst [ 32116
6 | T | Hs2 3.2184
Artificial OBJ = 8.5449¢+800 7 | B P | Btis0 | 0.5
8 | B P11 | BBso | 3.8113
L — - |
OPTIMIZATION LOOP CONUVERGED ! 5 | b ez o B
0 | p P13 | BB52 3.3487
smartdo exeopt : END OF OPTIMIZATION LOOP 11 | b P4 | BHs2 | 7.7962
END OF OPTIMIZATION TIME : Mon Nou B2 2@:25:28 2015 T B | i
1.3 I E| Output Parameters | |
OPTIMIZER ENDING TIME : Mon Mov B2 208:25:28 2815 14 | =] Q RMxprtDesign (A1) | |
| pa P5 | 100-EfficencyParameter | 8.5238 |
TIME SPENT FOR FULL OPTIMIZATION CYCLE IS 4524 SECONDS 5| p P | 10-BreakDownTorqueRatioParameter | 4.2008 |
17 | d P8 | RotorBarMaterial\eightParameter | 0.5731 |
= | P_le- T | o |
| Charts | |

SmartDo ANSYS Workbench RMxprt



Induction Machine Designh Optimization

*  Number of poles:2
* Phase voltage:220 V
¢ Rated speed : 3600 rpm

[
0 50 100 (mm|

Induction motor Design A

¢ Rated output Power: 10
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Output Torque for Desighn A @ 3,525rpm

Torque Maxwell2DDesign1
25.00 { Curve Info avg
—— Moving1.Torque
Setup : Transient 207430
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Line Currents for Desigh A @ 3,525rpm
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Core Losses for Design A @ 3,525rpm

Iron core losses Maxwell2DDesign1
140 [ curveinto avg
1 —— Coreloss
Setup - Transient | 2-1678
120 —
1.00 —
0.80 —
= ]
3
s
3
5
s ]
0.60 —|
0.40 —
020 —
000+ R T T T e
0.00 20.00 40.00 60.00 80.00 10000 140,00 15030 130.00 20020
Time [ms]
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RMxprt Report for IEEE-112-B

Rated Efficiency (%)

Output torque (N.m)

Iron core losses (W)

Stator IR losses(W)

Rotor I?R losses(W)

Friction and windage
losses (W)

Stray-load losses (W)

Total losses (W)

91.3756

21.0513
140.97

198.387
171.309

91.93

115.15

733.065

91.37

20.176
156.289

198.39
169.47

91.93

115.15

715.91

0.0044

4.3383
9.8017

0.0015
1.0851

2.3963
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Optimization Approach - Slot Geometry

Project Manager

B3 KSmotor_AL_ RM_WBTESTS
=@ RMxprtDesign1 (Three Phase Induction Motor)

L& Machine
Q Stator Name [ Value [ Unit [Evaluated Va..| Description
-k Rotor | |HsO HSO 0.8mm Slot dimension: HsQ
1Y slot | |Hs01 HsO1 0.8mm Slot dimension: HsO1
1Y BottomSlot Hs2 HS2 Smm Slot dimension: Hs2
i Winding | [es0 B30 2mm Slot dimension: B0
5= Shaft : Bs1 BS1 Smm Slot dimension: Bs1
E-fF Analysis | [Bs2 BS2 1mm Slot dimension: Bs2
T Setupl
- Optimetrics
..... [F Results
(1] Definitions
Project Monoger Properties: KSmotor_AL_RM_WBTESTS5 - RMxprtDesign1 - Machine
=] KSmotor_ AL_RM_WBTESTS
B & RMxprtDesign1 (Three Phase Induction Mator) Slot
B8 Machine
{2 Stator MName | Value | Unit |Eve|uated Va.l Description
-4k Rator | |HsO BHSO 1.5mm Slot dimension: HsQ
17 slot Hs2 BH52 10mm Slot dimension: Hs2
7 BottomSlot : Bs0 EBSO Tmm Slot dimension: Bs0
i Winding Bs1 BBS1 6.67mm Slot dimension: Bst
21 Shaft [ es2 BBS2 33747mm  Slot dimension: Bs2
E2-fF Analysis
SF Setupl
- Optimetrics
[ Results
- (1] Definitions




Topology after Optimization

[ T
0 50 100 (mm)

Induction motor Design B with Rotor Slot shape 17
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SmartDo Optimization Results

Rated Efficiency (%)

Output torque (N.m)

Iron core losses (W)

Stator I?R losses(W)
Rotor I%R losses(W)

Total losses (W)

91.3756

21.0513
140.97

198.387
171.309

733.065

91.7423

20.0867
160.399

189.111
113.682

671.489

0.3667

-4.8021
-12.1129

4.9050
50.6914

9.17
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Concluding Remarks

® Analytical calculations from RMxprt agree well to the IEEE
112B test report. Errors are mainly due to over-estimated
iron core-losses. It could be improved by revision of iron
core-loss measurement data.

® Resources limitation in CPU cores and memory capacity in
ANSYS EM lead to impractical motor design optimization
work. SmartDo add-on provides a better and faster way to
implement motor design optimization.
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