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Design of Three Phase Induction Motor

Coil Winding
Phase Group A, B, C

Stator

Rotor Ring Air Gap
Rotor
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Field Simulation in Infolytica-MagNet
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Dynamical Simulation in Infolytica-MagNet
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Design Specifications

Rotor Speed [deg/s] Speed Initial DeS|gn Parameters
213e+004 . . .
with its Uncertainty
il Design Parameters EI@
Mame Mominal Tolerance Unit
Lbe=00d Rotor Radius 2 0.04 cm
Ring Thickness 1 0.04 cm
Air Gap 0.05 0.01 crmn
Phase Angle 45 2 deg
Coercivity Scale 1 0.04
Conductivity Scale 1 0.04
Liee-0t Friction Coefficient (0,001 0.001 Nms/rad

* Max. Torque < 3.6 N*m
» Max. Current = 4020 A

- - Max. Flux Density < 0.115 T
* Max Energy Loss < 345.000 W*s
* Corridor for Rotor Speed
0 o Rising = 65 deg/s"2
’ . = = - o Bandwidth = 3000 deg/s
Pham www.optiy.eu
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Stochastic Distributions of Design Parameters

Rotor Radius

452

151

Ring Thickness

Air Gap

1568041 159 2 201 201959 0oE0l 099 1 101 101959 QUME101E QUdTE 005 00524 QUDSAEDET
Mean 200003 Sk Q00306228 Mean 0.59558 Sk -0UODGOEEDE Mean Q.D455552 Sk QLODDGED5L
Sigma 00DESESZE Kurtosi= 284128 Sagma QUDDE5EE4 Kurtosis 2B4T6E Sigma 0UDDL 64 584 Kurtosis 283742
Warinos 4 34185=-005 Warznos 4. 3407e-005 Warznoe 2708 T5e- 006
Phase Angle Conductivity Scale Friction Coefficient
123 | 609 | 2442003 |
0919 457 1832:003
0613 304 1222003
0306 152 611
o L1} L1}
440204 445 45 455 459758 0oEaoz 099 1 101 101956 (U5 1O UDMOT 55 LiLLin 0D01 2500148558
Kazn 45 0006 Skwness QUD0T46419 Mean 0990078 Skswness Q00316478 Mean QUDDLOO003 Skewness -QUD055452
Sigma 0328319 Kurtosis 2BLR2S Sigma Q.ODE5E3ES Kurtosis 2EB3161 Sigma QLODDLE4T21 Kurtosis 286351
Warisnoe 0107753 Varanoe 4 34267e-005 Warance 2713 75e-008
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OptiY Process Work Flow
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Design of Experiment

Rotor Speed [deg/s] Speed Magnetic Torque [Nm]
7

2142004

1072004

5352003
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Probabilistic Simulation for Initial Design

Rotor Speed [deg/s]
2152004

Speed

16les 004

Li0Be 004

5 3Be: 003

-0.286
0

113

Pham

225 450

Speed

BG63 32

B.B6e:003 9152003
Mezn

24422003 973101
2003.74 Skewness

0.424396

Sigma

ariance

145.428
211453

[Failure Probabifity 0.50602/0.52557

Total Failure Probability = 52.597%
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Probabilistic Simulation for Initial Design

Max Current
00354

00177

0.00E85

3.5C2:003

Max Flux Density

42003 4021 67 0112826 0113 0114 0114 0115019

hean 336754 =k -0.632457 Wean 011417 Sk -0.241314

Sigma 121332 Kurtosis 35411 Sigma 0000352056 Kurtosiz 204113

Wariance 147215 Failure Probability 0U0D013/0.52597 Wariznce 1 53708e- 007 Failure Probability QUDDDL1/0.525597

Max Torque

Q000137 216

0.0D0103 162
6.842-005 108
342e-005 4l

1] [1]
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Wean 332881 Skewnesz -0.195%03 Kean 337119 SkEwness 0503112
Sigma 303646 Kurtosis 311736 Sigma 00224335 Kurtosis 261698
Variance 9. 22008e+ 006 Failure Probability 00525597 Wariznce 0000505958 Failurs Probability 0/0.52597
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Sensitivity Study for Initial Design

Percentage [%e] Speed
269

T26

242

Time [s]

» Rotor radius and ring thickness have most influence on rotor acceleration
* Friction coefficient is the most important factor on constant rotor speed

Pham i
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Sensitivity Study for Initial Design

Max Current Max Flux Density
Ring Thickness 3543% Ring Thickness TBST %
MTT% Til3%
Rotor Radius TR Raotor Radius E82%
26T71% 6%
AirGap 1445% Conductivity 5cale 5.54%
1408 % 503 %
Coercivity 5cale 611% Coercivity 5cale . 407%
LB 3ITT%
Conductivity Scale  6.05% Friction Coefficient 2.62 %
RT9% 235%
Phase Angle 604% AirGap 247%
LTe% 22%
Friction Coefficient 553 % Phazz Angle 2445
§AR 3 I Total Effect F18% B Total Effect
Wzin Effect Main Effect
Loss Max Torque
Rotor Radius 4518 % Raotor Radius 24 35%
4431 % o283 %
Ring Thickness 30068 % Conductivity Scale 164 5%
3001 5% 136%
Phaze Angle 14.6% BirGap 163%
1414% 135%
Friction Coefficient 5.13 % Coercivity Scale 162%
BT74% 134%
Conductivity Scale 145 % Fing Thickness 089 %
116% 6L %
Coerchvity Scale  027% Friction Coefficient 0.75 %
0% D48 5%
Air Gap 027% Phase Angle 0685
0% I Total Effect 041 % B Total Effect
Main Effect Main Effect
Pham Www.optly.eu
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Robust Design Optimization

it i Optimization Results:
sgrmean(Speed)-3335)
Speed — Robust Design Parameters
: " ac elete . . .
m:: Eﬂmmiw with its Uncertainty
o
kax Tarque
[tan| [aan] [7] [&] [98] [ 2] )
[al:us] [E:-:p] [ 4 ] [ 5 ] [ : ] [ . ] 4 Design Parameters (= [@][=]
Mame Moeminal Tolerance | Unit
Lin] [een) [2]) [2] [3]) [-] Rotor Radius 187606281 0.0 cm
. Ring Thickness 1.06458141 0.04 cm
[sqrt] [Sqr] [ e ] [ : ] Air Gap 0.0419933476 |0.01 cm
Satistice Phase Angle 459295363 2 deg
[ Mean ] [ Sigrna ] [ Yariance ” Cost ] Coercivit.y-ﬁcale ! 0.04
Conductivity 5cale |1 0.04
] I I [ ] Friction Coefficient |0.001 0.001 Mms/rad
Test ak. Cancel

Robust Design Goal to Minimize the Failure Probability
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Probabilistic Simulation for Robust Design

0.00152

Rotor Speed [deg/s] Speed
215e+004 ——
161le+004
1{7=+004
L 3Te+003

i}
i} 113 125 450
Time [5]

7288 5752003 le+ D04 103e+004 105642

Mean 959701 Skewness 0.0855529
Sigma 133.852 Kurtosiz 301843
Variance 179163 Failure Probabifity 0/0.00013

Pham
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Total Failure Probability = 0.013%
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Probabilistic Simulation for Robust Design

Max Current

1%e:003

Max Flux Density

142=+003
49
474
a
JBED2 39e:003 391=+003 3532+003 334704 0112193 0113 0113 0113 0113526
Klezn 352059 Skewnesz -0.405279 Wean 0113257 Skewness -0.073076
Sigma 753599 Kurtosis 3.58652 Sigma Q000212403 Kurtosis 283475
Wariance Variznce 4.5115e- 008 Failure Probability 0/0.00013
Max Torque
0000189 421 |
0000142 316
9.45e-005 211
472e-005 105
i} a
285184 Je:005 3.04e+005 3.0Be+005 312659 308291 311 314 316 318733
Klezn 303957 Skewnesz -001SELTE Wean 314665 Skewness 0319128
Sigma 212444 Kurtosis 305225 Sigma 0.0140628 Kurtosis 284701
Variance 4513242+ 006 Failure Probability 0/0.00013 Variance Q.DD0157 762 Failure Probability 0/0.00013
— _—
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Sensitivity Study for Robust Design

Percentage [3c] Speed
k) Rotor Radius

742

455 /

ARSI
!H § ,.,-;nl, +nl iy IN i”

* Ring thickness has most influence on rotor acceleration
* Friction coefficient is the most important factor on constant rotor speed
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Sensitivity Study for Robust Design

Max Current

Max Flux Density

Ring Thickness 6745 % Ring Thickness T46%
6627 % T256%
Rotor Radius 2544 % Coergivity Scale 1101%
2483% 1059 %
AirGap 643% Conductivity Scale 951 5%
613% B37%
Coercivity Scale  DE7T% Rotor Radius 263%
045 234%
Phaze Angle 059% Friction Coeffident 2385%
031% 209 %
Conductivity Scale 0L54 5% Phaze Angle 114%
027 % 0BG %
Friction Coefficient 041 % AirGap 107 %
015% B Totsl Effect 0E% B Totsl Effect
Mzin Effect Mzin Effect
Laoss Max Torque
Rotor Radius 1B86% Rotor Radius 31E57%
1852 % 3106%
Ring Thickness 1716% Ring Thicknesz 121%
1684 % 1185%
Phaze Angle 1677 % Conductivity Scale 11.68%
1646% 1143%
Friction Coefficient 14.06 % Coercivity Scale 1163%
1378% 1138%
Conductivity Scale 1172 5% Phazs Angle 1135%
1148% 1111%
Coercivity Scale 1119% AirGap 1135%
1085 % 1111%
AirGap 1118% Friction Coefficient 11 285
1085% W Total Effect 1104% W Total Effect
h=in Effect =in Effect
WWW. optly. eu
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Conclusion

Nominal design using classical nominal simulation cannot warranty the
reliability and quality of the products, because the nominal parameters are
only one fix value.

Robust design is a power-full tool for design of reliable and quality product in
the early design stage without any cost. It considers the uncertainty
parameters as stochastic distributions.

In the case of the induction motor, the failure probability has been reduced
from 52,597% to 0,013% for the mass manufacturing.

OptiY® is the leading software platform for robust design of all engineering
fields using different commercial CAD/CAE-software or in-house codes.
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