©
2019 2021

Development of High-speed and Hi?h—accuracy Design Optimization Method with
Precise Behavior of Space-time Electromagnetic Field in Electrical Machines

Okamoto, Yoshifumi

3,400,000

Deep Neural Network B

Deep Neural Network

Because the half of energy in Japan is consumed by the motor, the research
target was designated to the first topic “ Development of innovative design optimization method
using the numerical electromagnetic field analysis coupled with the topology optimization” and the
second one “ The elapsed time reduction for the measurement of the magnetic property which is
required on the design optimization method” . In the first topic, the sensitivity calculation
method, with the consideration of strongly coupled analysis between electromagnetic field and
three-phase electric circuit, the rotor rotation, the magnetic nonlinearity of magnetic core, and
steady state, was proposed. Furthermore, it was successfully applied to the topology optimization.
In thehgecogd topic, the elapsed time reduction of being sinusoidal wave form derived from B-coil
was achieved.



B X C—19,. F—19—1, Z—19 (i38)

1. WFZEBIAE S D =

CO, JRE DM H AREK OFRAELIE, ENOFKFTTEH =R F— (bR ERETwn
5. F12, BIEBLORKEZEA NG S, FAEMRET XL —NEBICERA S D &
INTTpoTz. ZD XD R ROMENS, TR AX—DORROMBHN, Hx, BRI TNV,
ENOEMEEE T, 102 kWh BERBELONTEY, I, T—ZDOHEEENICE-> T
X, TO¥HLUEEHEDTEY, BEXHEIRONRAER & @R, =R/ X — RO
—BAEAHS TS, AT, T— %5250 B RKTZAEL LT, AIRE
FiEAHE L LB SR T 28T ik & PR e O— R TFEA R S8, TRMICEH
KRTEHREN BH) 12, BIEEER/DRICIMZ S Z &N TE HEXMEIRO SR ELRE 21T
2 HRGHRBE L FEOBEEZ BN LT 5.

— AN, BRI OB LTS T D NERIEE O FE & LT, BRI O BREIRER D
KIERIECTREBERZET Vo 7V LT WAERERIEN A SN S, AR TH, ARERES
B LT, Rt b FEORE 21T 5. — 07, Ikt FiE L LCERAT S R r U—@fbis,
sHERGEL, REERICR S, B oG E L FEE LT, 1988 IS /)0 45T,
Bendsoe, 9 5HIC k> TRESHE V. AFEL, SHERERICKET HMEEELZRET S
Z & T (B or 225 ON-OFF i), #5&ED h AR e o —Bbax b EE LT-FETH L. DI,
1996 =12, Dyck HIZ& VY, “IRITHEESAME~EH L, ERAE~OE H O nJEEME N /RIS X
niz2. 2o, Fx ORI NAV—7 T, bRo P—EBElbEBR L —/V FO SR TEESH
AR K AR A FEH (IPM) &— & O n— X SO ERBE R ERRG~0H B Lz, L
ML, MRueU—KElb a8 L ERHa BT a8 T, Rt REIRE STk
N L, ZEMEBR ORME S % R IS BB LRt b FIEEH £ 0 7Z2u.,

RETBRIS CESR SN A REELTEE LT, BB EE S 107 B 22 R J e R AL,
LBTHERENTZV AT ANERENLTWD., TAHOE AL, HEAERRMN, #RAamb k&<, H
BRI D AR H R T T H DI AT IR & 72 5 R R SEIRBE LA HuE W o =3 2 2 D
5. FZNdZ, INHETOEREEHEA LT, HRAMICHRESL T2, £oT, Zh
5O TSR BEALEE O RMTIRIL, BRI T RICB T 2 RMALNETH D
7= O BRI IR D TE L.

2. WHED R

(1) WZefH]FERRIE B BSR4 B8 L -5k EH i L FIE O B3

Fx OWE 7 NV—T1%, Rt b Ed b2 X 5720, BB O AR 2 L7 &iEF
%% (Method of Moving Asymptotes 5’ %8) Z{EH LT\ 5. Thwx, FEfES Shi-WHE% H
IR & L TR LG, ZOAREZFHET 2720 OMEARIEIC X D BEMIT S 0H & 72
L. UL, WRMEREREAEE W BT 5, MRIEMIEEO B EIEIC WL, ek
fiEIA7Z2 8 CH D, ATEE T, BREADSKREIANCEE) L =588 2R oS AR S %
BN LRSI IR B A L OB 21T .

(2) = HHBEED A ARG AT (R H) EE Bh B o IRs ) R R R 2 35 8 L 7o R G MR b R 1B D BR S

BAED bR v O— il b2 B9 2 Wil ik, FHRFFREIROBLE D b, BHE R B 53
FREO72 AT & L CIEL SN TV A BN E TH D, AHHE TIE, (1) TH¥E LI-BEERORSIE
PRI REIE 2 B R U 7= R RS R A A Bk 2, AR HIE] S & sl pk U 7 2k A A ) ) EE dh i~
WHIT 2 ExAELETS.

(3) FEREHMER ORGSR IERIE O Al

TSR A BT DA DI SN2 G 6, MK e AT U U RABENREEBLT 5. AT
BT 2 BB OEID, MKe A7 VU RBIROPELERT H 2 & T, BEMEBMAOS
BEAEZXD Z R TED. 22T, EBRORGEE~EAT HATEME S LT, BaA /oW
NEBENIEZL E 72D L9277 40— Ry Z I ZAT 5 FikEmatL, 612, 74—y 7
[B1%k 2083~ 5 7=, Deep Neural Network (DNN) %3 A L 7= HEVE 2 MR 5.

3. WHEDTTiE

(1) WpZEfiFERT B B S & B 18 L TR iii b Fik 0 B %8

BRI & B I8 LT E WRIBI 38T 2 AT O 29 PERGEZAT 9 . £ OB, FilfcEs &
e 5 2 LT, REMHREE~NREZZTEED L) RBETH L Z L 2R+ 5. kIZ, AF
B R Y 77 FVOBRGHRE(E~SEAT S, AREIL, V77 bASMTICEE S 72T v 3
BRI AET DIERERZHEMEU FICHER L2223, BEREE FICBT280A 47 4
Y ADFRRLE BT

(2) = AHBREE) 7K AR A ) 35 PR Bl oD B ] R RF I 2 5 R L 7o BRI O BRE

ATTE CHASE L 7o iR ] SR A A2 K1 & AR A2 E1 i & gl U 7 7K AR Rl B i o> b 7R
1 YR b~E Y . A AZHRIRIES 2 R pk U7 RIS U T, R BE AR AT oD HE A f80R | e
WLk, MR Y—REb~ETT 5.



(3) EEREEMHR D BEKFFERE O s b
DNN %38 ATHEE, 2T =2 NNELRD. B aA VOBEERE (GERO &L Y)
EANIEL, WBCEIE v WEAEE 1T ARy FU—7 ZHEET 5. DNN OS2, Kerasl®,
TensorFlow!\ 242 L, &flGtHlgs (AvmAa—7 777 v ar V= b—4 «SST+ U
—7 7) % LabVIEWENZ X 0 ifiIfE4 5.

4. WRIEEE

(1) WpZeMIERIE BRI 2 58 U =ikt o b ik OB

WRIERIEE 2 B8 U7 R EIR A B0E (AVM) 2B L, S 618, EFIREBICE T 2K
JERRMT FIEAZ B Uiz, REZM VISR THESEHAR Yy MUY 727 Mr~EHL, z=7 mm 28
T r iR ORE O E2FTEES (FDM) Sl L=, SR, X2 1R T L9108, mERE
W, ERESA E T H A W, OREMITICBWT, B3 L7- AVM O %1%, FDM &4l —
HLTWDZ ENfERTE D,

wIZ, M1 oORy MUY T 7 MVOBERESA VX7 2 Ak RILL, 2B, EIKT L
— b We IZRAET D MERBERMETHZ L2 HAE LT, REHEE Wm, Ww (2868, —&
BARD MR V=T b FEIC K 0 IET . R, K3 0L D REENE LN WAV
ZHIEL, B, HOA v E 7 X A mb b G CTH 5 Z LN TE 5. KRGt
PRRE R, SCHR [9] ICRER E N TV A,

(2) = FRBRED 7 AR A (R3] EE B i oD IRy PR USRI 2 5 I L 72 B R T i (b I o BR

X 4 (oI BT K AR A RS BRI IPMSM) O bt 7L &R 24T 5 = AR
X 51,

X 6 | ZREFFRMT & ZARAIRIRI S 2 AR L 7 55101 D AVM T X 2 B fifAT O 7T EUREFE & 7~
4. 2B, EW I AR E Lz, XV, AVM I, FDM OFER Lo 72 RN
HEoNTWDLZ EABfifTE 5.

X 7 12 IPMSM ~D ASJE N R EMUL FIZHERE L, Zekho, M2 U v 7V EREMUT
\CHERF L7203 6, EHRIREBICH T 2 ) b L7 O KRILTE 5 IPMSM OfE 2 R~4. 2 L0,
d BRI S 5720, KABARIC T T v 7 AR TRERSNE. £, b2 U o
NWEIRT 5720, KABAWEICL 7T v 7 AR TRER SN TS Z ERH LN -
7-.

PLEDORER XY, BESARNT & ZFASHEIEE 2 iR S H 7 55108V T, ZhRr 70 i it
b2 LT TRY, MEMBHMAOE{LEZZE L bARa o —FlE(bBNAfETH 5 2 & 238
Lt ol ANEOFMRFERIZOWTIE, STk [10] (C#EsnTn 5.

|c011ducti\‘e plate Q, 1= 1, =3.77x 107 S/m |
T

3 |[design domain of magnetic
material Q1 EU67, 0= 0

design domain of winding Q
i(t)y=ig ti,sine t [A]

’ac
1 o I’ (unit: mm)

{1 Ay MUY T2 A RTET L

21 25 4

5515

L AVM L
=4 S4 AVM
L < 2|FDM [aWLJ
(% 0 % 1 a‘// max
_20 10 20 30 40 50 60 0 10 20 30 40 50 60
r [mm] 7 [mm]
(a) oW.lowy (b) oWiloy

2 B R 2S00 D B FURS

]/’
K3 Ry MUIYTZ MO MRe o —REbis R




dn‘ectlop of ,/—+ v
magnetization
) ) +V o
design region e
W =
W =]
- o -
shaft 7//6 = U S
¢ ! I://///// |
25.5 54.7 51.3
(unit : mm)
4 IPMSM DS fbe 7 /v 5 ZAHAZHRIEIES
N N
oIWepx 10° o m
3.14 - | “‘
— -
- L\ <
A - ) <
| p \ 4
-3.82 \ \ \ \
(a) FDM (b) AVM

7 EREHRIEALRE R

(3) EREIRIR O REKFFERE O &AL

WRFFEORIE T, B aA VO IERE v &2 EREIGEST A2 0ERSH L. TDd, 74
— RNy JHIEZIEA L, EETE v 22 FEDIXLENH D, RIFFEETIL, 8 (a) lIm™d
REFHES AT A BBH LT, S REEIES I T, 74— Ry 7 B3 1
IMERNC S - 72728, X8 (b) I\ T X 91T, ve ODFIHEIEZ DNN IC L W HEET D, KAFZET
A L7= DNN IE, KeraslICEELTWA, £72, DNN Tif, ANT—Z L LTwikED7—
U T ARERB L 7= Rk OIRIEZ R L, AT —% LT v O 7 — Y R ERE L

/~ A/D converter Calculation Adjustment of ¢, N\
Channel 1 g\ —————— i
Channel 2 [ Bl ! |gBm| <03 % !
Channel 3 Wy V. ———' ]
D/A converter Convergence of ez, &5, , THD
Input v, [V] Waveform control and Maximum value control
Frequency f[Hz]
N Output v, [V] lerr|<0.1% || |epm| <0.1% || THD <0.5 % )
(a) kT AT L
/ A/D converter  Calculation Adjustment of ¢, Estimate processing
("Channel 1 "\ (" H[A/m] " using v of the previous |
| Channel2 )¢ B[H lEm| <03 % using v, of the previous
\ Channel3 =/ w[V] e
D/A converter Convergence of &, &5, , THD <_
Input v, [V] Waveform control and Maximum value control
Frequency f[Hz]
\ Output v, [V] lerr|<0.1% || |egm| <0.1% || THD <0.5 % y

(b) DNN (Z & 2 #IHIBHERE 2 AN LI JE & A T 4
8 Wb AT U RERERIE Y AT A



- BRIy OIRIE 286 H LT\ 5. ARIFZE T, &FaHlIgE % LabVIEW (2L 0 v 27 2k L
TWb. F£7z, M9DLH7% GUI Z#&FL, V7 A ATHERREZARETESLIICL
TW5.

# 112 DNN T EHEE 217 > 7-£:3% (Proposed Method) Z i L7=HED 7 4 — K3y
IR ETRT. TED, WERELD LT 40— Ry ZRIEDMER L TR Y, FHHIREH S KRIEIC
KL TCWAZ Enbnd. £, 10 IZ B & v, OWf%E % 7~9". Conventional Method,
Proposed Method & &, B4 IESAIZICIURTE TWDH Z LR D05,

728, ANEOTMZRERIT, SCER (1] IR EN TN S.

# 1 HERHEE 7 4 — By 7 B3

e avess | BN | o) sy Mt L hynlhrinls. 5 -

K .’ e (ol e e R Conventional Method | Proposed Method
SIS xS u[ERY . 5 w i': B [T] Elapsed Number of Elapsed Number of
T e time [s] | feedbacks |time[s]| feedbacks

e 15| 40 6 13 2

o wimm VO R 155 45 7 6 1

B 16| 70 11 13 2

e 165 77 12 13 2

- : | 17| 110 17 6 1

i mEGN NN T 175|125 18 13 2

) v f : - 1.8 | 138 20 6 1

L b el (R Sum| 605 91 70 11

— : B(without waveform control)
= : B(conventional Method)

=== : B(Proposed Method)

— : v.( Proposed Method )

2.0 50
1.0 25—
— 0 0=
S0 257
—2.05 00l 002"

f[s]
10 BB & v.IKIE

5 I SCHBR

[1] M. P. Bendsge and N. Kikuchi, Comput. Methods Appl. Mech. Eng., vol. 71, pp. 197-224 (1988).

[2] D. N. Dyck and D. A. Lowther, I[EEE Trans. Magn., vol. 32, no. 3, pp. 1188-1193 (1996).

[3]Y. Okamoto, H. Masuda, Y. Kanda, R. Hoshino, and S. Wakao, /EEE Trans. Magn., vol. 53, no. 6, Art.

ID 7206204 (2017).

[4] L. Park, I. Kwak, H. Lee, S. Hahn, and K. Lee, IEEE Trans. Magn., vol. 32, no. 3, pp. 1242-1245 (1996).

[5] K. Svanberg, Int. J. Numer. Meths. Eng., vol. 24, no. 2, pp. 359-373 (1987).

[6] Keras; https://keras.io/ja/

[7] Tensorflow; https://www.tensorflow.org/?hl=ja

[8] National Instruments, “LabVIEW,” https://www.ni.com/ja-jp/shop/labview.html

[9]1 Y. Okamoto, “Topology optimization of DC-biased pot-type reactor using design sensitivity in steady

state of electromagnetic field with magnetic nonlinearity,” International Journal of Applied
Electromagnetics and Mechanics, (2022) (to be published)

[10] A i—8k « [HEpESE - fARE L« TERSR - AR R sl it & BOERE s O fF I
£ 2 W IR & BB L 72 IPMSM O R R u O—fifl ), BREA LS - BHEHEA
WFZeas @kl SA-22-020, RM-22-020 (2022)

[11] A Fossf « MRS S - BEEHE . - 24 KRF{E : [Deep Neural Network % FV 7= W1 TR HE &
(2 K D B SRGRBR 2 2 38 1T D REABOE A O mnd I B3 2 85T, o 4 FBER TR
ERZERE, Webll-Al - fEMEREE (1) - 2-063 (2022)




Yuki Yamashita and Yoshifumi Okamoto 56
Design Optimization of Synchronous Reluctance Motor for Reducing lIron Loss and Improving Torque 2020
Characteristics Using Topology Optimization Based on the Level-Set Method

IEEE TRANSACTIONS ON MAGNETICS 7510704

DOl
10.1109/TMAG.2019.2954468

Vol. 141, No. 9

1PM 2021
D 729, 737

DOl
10.1541/ieejias.141.729
Yoshifumi Okamoto
Topology optimization of DC-biased pot-type reactor using design sensitivity in steady state of 2022
electromagnetic field with magnetic nonlinearity
International Journal of Applied Electromagnetics and Mechanics

DOl
Hiroshi Masuda, Yoshifumi Okamoto, Shinji Wakao Vol. 38, No. 3
Multistage Topology Optimization of Induction Heating Apparatus in Time Domain Electromagnetic 2019
Field with Magnetic Nonlinearity
COMPEL - The International Journal for Computation and Mathematics in Electrical and Electronic 1009, 1022

Engineering

DOl
10.1108/COMPEL-10-2018-0386




J102-C/ 5

2019
161, 163
DOl
Vol. 139, No. 4
2019
D 380, 387
DOl

10.1541/ieejias.139.380

28

2020

PDE

SPM

2021




2021

2021

2021

LabVIEW

2021




2021

2019

2019

I1PM

2020




Hiroshi Masuda, Kohei Arase, Yoshifumi Okamoto, and Shinji Wakao

Multi-objective Topology Optimization of DC-biased Reactor in Steady-state Time-domain with Magnetic Nonlinearity

the 22nd International Conference on the Computation of Electromagnetic Fields (COMPUMAG 2019)

2019

Yoshifumi Okamoto, Yuki Yamashita, Reiya Suzuki, Hiroyuki Kaimori, and Shinji Wakao

Design Optimization of Rotor Structure in Synchronous Reluctance Motor to Improve Torque Characteristics in Several Driving
Conditions Using Topology Optimization

the 22nd International Conference on the Computation of Electromagnetic Fields (COMPUMAG 2019)

2019

Hiroyuki Sawada, Reiya Suzuki, and Yoshifumi Okamoto

Optimization of Rotor Structure for Synchronous Reluctance Motor Using Coupled Topology Optimization Based on
Electromagnetic Field Analysis and Structural Mechanics

the 19th International Symposium on Electromagnetic Fields in Mechatronics, Electrical and Electronic Engineering (ISEF
2019)

2019

2020




1PM

2020

2020

2020

2020




Yoshifumi Okamoto

Topology Optimization of DC-biased Pot-type Reactor Using Design Sensitivity in Time Domain Electromagnetic Field with
Magnetic Nonlinearity

the 16th International Workshop on Optimization and Inverse Problems in Electromagnetism (OIPE 2021)

2021

2021

2021

Riku Koda, Yoshifumi Okamoto

Convergence Acceleration of Multi-material Structural Optimization Method Based on Fourier Series Expansion for Outer-rotor
Permanent Magnet Synchronous Motor

the 24th International Conference onElectrical Machines and Systems (ICEMS 2021)

2021




Masaki Yamano, Kazuya Katayama, and Yoshifumi Okamoto

Sensitivity-based Topology Optimization of Induction Motor in Time Domain with Magnetic Nonlinearity

the 23rd International Conference on the Computation of Electromagnetic Fields (COMPUMAG 2021)

2022

Kazuya Katayama, Masaki Yamano, and Yoshifumi Okamoto

Sensitivity Analysis Using Time Domain Adjoint Variable Method for Topology Optimization of IPM Motor Supported by Finite
Element Analysis Coupled with Three-phase Voltage Source

the 23rd International Conference on the Computation of Electromagnetic Fields (COMPUMAG 2021)

2022

2022

2022




Deep Neural Network

2022

2022

(Wakao Shinji)

(70257210)

(32689)




