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Creation of 3-D hybrid parallel computing system for practical magnetic field
analysis of rotating machines
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We constructed a three-dimensional hybrid parallel computing system for
practical magnetic field analysis of rotating machines, and clarified the validity of the
calculation results of this system, the relationship between the number of parallel machines and
speedup rate, and the characteristics of the hybrid computing.

Fur;h?rmore, using this system, we analyzed the characteristics of various motors and showed their
usefulness.



X C—19,. F—19—1. Z—19 (58)

1. WFEBAG SO 5

(1A D RS FFRAT D 72 3D DI FIFENT o AT D DRFFENE /AT D X 51272 > TV,
FOERIFIZLLDODCPURFIH LE~ATF 7t R LB Th o1, —F . JLBEE DA
FAEBHE LEECPUDSLF aT b R, 16 aT7Z2HT5CPUNRENE, EHICEW=
NTF aTALDOFEHIEE SN TV,

AT TR LD ENE TOWIHETIE, #EO 7 et 22 BERBSIEFEFEICH NS
AEVEF TR, PV - ARARN o BRETHEHTLAEY bR T S0, =785
CPUZFIHTHE., ATVMENEL RDEVIHHEEZ LD,

< LFFa ZAOMICWHEFHEOFEDOOEDE LTAF ALy RIEFIRH D, LR
Do, WIHEOLZDORILELE AT Xy v aDF— =T — |l )< LFTFaktxtL
g3 % L WFMEEREN L D 2 E N E U,

2. WHEDHP

2 NT TR VT ALy ROWMFOWIULHFREZFH LT g 7 U v Rl Lz =
Wt HE R EFREE AW BB ORI S AT L2 P C U T AKX EITHE L, —HoOH
WD B ERFEMT 21T O BRI T 2 a7 2T 2O~ AL F Fat A L LF ALy RO
BEO RN — A7 &2 A, IV EEILE B LT — ¥ AT LAOBELLENET 5,

3. WrgED Hik

WD 7 av A% L CAMIGE 2T L,

(1) = LF 2Ly RUGFIOEBICH /W H ]2 B a—F ¢ 2 7 B5% OpenMP Z i L C= /L
FNT—F =LV T ae_—A L UT#N R OWHI G FAERE 2 H— P C ki
L ERD 7 T AL P C EITHEE SN2 BSOS O 7D OMP 1 2 L=~
NF T o ZARNHIFHE S AT LATEH L, AT S,

(2) WHIFHREOH M (EHEERLWHILR) 1T, BITET L ORE SRWHEKI L » THRA
D728 Bk & I fiAT YA X O EEE O SN 208 L C, WAL RE % lRET T 5, &
7o ERW R SO BRI 2 T 5720, BRI OW T HIsILE D 5,

(3) HFEEEEAMAT L, B LT AT 20O MMEZH LT 5,

4. WFIEECR
(1) A7V v RIFIAIREHRIT S AT L ORELED

MP I 2F|H LTS EEE R—2X b Li-~v A TF T at 2RO = RIS REREIC
OpenMP ZFIH L7z A L RWHIFHEFIEEZMAG DR TS 7 U v RIESIG BRESEfET AT
LEEE LT,

MP 1 7 et x5 LA EDED OpenMP A Ly RMFFIFEE LT .~ AT H 7 —1EMC),
Ty e VFhT—E(BMC)ARLWNIMP 1WA EREOWILTHE 7T a7 1 Clk
(Block-1C) @ 3@V IZBA L TEDONRELA B L, AR FPEEZHALNNC L, K1 A 7
Uy RIFFIFHRE S AT L O K Z2 7+,

T RIS OmEE L LTI PME—X 28HH L7z, K2 IftreT 152K~

FENTXI RO HRLD A 7V » REFREORIC KT TRELZHL T D200, HEDORR
DHEMBEREA v v ab HE Lz, BEREITHA v = T417,000 BFHE FE A~ =T 1, 183,338
ERTH D,

HERM 2 3127 T, MC HEERE, N 7 U v RUEFNIREEDO~LVF 7 ot ZDHDIFH]
FHEAE R (FlatMPI) ERIZENEN LY EEICBA IR EE I N TNE Z EBRbhd, £z,
FlatMPT TIXEM T2 2 7503 305 4 1ZHNT 5 L iR AT 2B H D03, ~NA 7
Uy RIWFITIE, a2 7 EoEnicxt LT
W LTEY ., AT o RIEHI OB AR | Network
Pt | | | |

X 4 12 MRTR 3% G#E N2 RO KAGfRTE D —
&) O AR $ & 139, FlatMPI <2 Block-1C T
WIE 5 a 7T K o CTXAE R A N4
HNR.MCRBMC T, a7 L6 KIE
B —ETh -7z,

DLz & kv, MP 112X AEESEIE
WAL A S DR D WHIFHAETFEE L TBMCE
%Fﬁb oz & ®7ﬁﬁﬁll\$%% % plte ]‘/71::0 Process parallelization by MPI

core

by OpenMP

Thread parallelization

(_ )
| core |

core

nodel node2 e node n

1 A7V FUBIFHR S AT L ORI



permanent magnet

stator (35H300)

S5

shaft (S45C)

(a) I PME—%

rotor (35H300)

(b) 73 &IX (4 BEI)

2 fRMTET IV

1600 4500
1200 | _
2 2 3000
o
£ £
3 800 r _§
2]
Q, a,
= —— FlatMPI 5 1300 e Frampr
400 —o0—MC —0—MC
—0O— BMC Hybrid —O0—BMC Hybrid
—— Block-1C —2— Block-IC
0 L L J 0 L 1 J
1 2 3 4 1 2 3 4
number of cores number of cores
(@) HA v = (b) BAY =
3 FHEIERE
600000 500000
—— FlatMPI
—O0— MC —>— FlatMPI
“ —O0—BMC Hybrid . —0—MC
.g —a— Block-IC £ —O0—BMC ‘ } Hybrid
£ 550000 £ 450000 —2—Block-IC
+— Q
= O h=
: E
_‘é ] 8 {1 ]
S 500000 € 400000 F
= =
450000 L L ! 350000 L L
1 2 3 4 1 2 3
number of cores number of cores
(@) A v = (b) BAY =

X4 MRTR O 8 E %L

(2) LV aTBEOLWHEKEREICBT 51 7Y v RIEFIOMEREREAR? ©
uﬂni427®CPU%%ﬁLtIﬂﬁ@% RN AT DDA RO DOTH D,

?_?_“C&‘i SHIZ

‘i\ FFE (1) ORI & 0 A AR B 2T

S, BERT LT, B,
257-MP 1 & BMC OMABEETHER LT,

ZarvHEoz (12 a7)ODCPUEHBIHLIE6EBDOPCHrLRH A7 v R
WHIHBRERMENT S AT DAL L, DOIFH|IMERE

NAT Yy RAF

F1LIT, BEHEE L TR0 TEFE~ 500 T EEOMEYTET M3 L CIEFIEHRE 217 - 725
®%EM4(ﬁ BRI A Rd, FlatMPI TIIfKR 12. 9%, ™A 7V v FIFFIClIH Kk 13.3
fEomElbEEZBRLTRBY, ATy RIEHIOEBNMEZ RDZENTED, L0bl, BEK
DL IRNET TR LTI, A 7 U v RIEFNIE FlatMPT & bl L CRE < @b LT 5,

F 1  WHMERE (MERERKIF)
EEH 50 5 100 7 200 15 300 15 500 /7
FlatMPI 9.1 9.7 10. 8 11.9 12.9
Hybrid 12.5 12.9 12.6 13.2 13.3




(3) FEJFHY 7 [AlHEHE O s FARATD ©

X0 EHW B 2 AT 5720, U@ TIXEIEATIRED 1 PME— X Z i i< 4
EL. Ty RIEFFEEIZBW TP CY 7 AX /T 5 P COBEEMDPIIIMERRIC KT T
WEZHLNCT D E L BT, SERYEIER EWHIEREDOBIR A BET L, 1/ EESH -V DAL v
R &AW FIERE O BEfR & b, Et L7,

COHBRBREAZB LT, N 7Yy RUHITIZP CEENDRWEETH A Ly REE D
T2 ETERWIISIGRN G OND Z EnbhoTz (X5 5H),

I, EOIZBWTT U ¥ —nu — X [EER ZFH ZH 5 EE B O RN 2 Z %ol
FIGBRE RN AT D EFIH Uiz, x5

CLEHEEBMIT. CRERT OMEROZE ——65 —B—8h 128/
a2 LT D20, EkORlER & TR e 35

D, B— X E/MINCEE L CEEL, A7 —X

ANRICERE L CEHES 65 % 4 70 SMH T 30
R EII T 5. ML ER L < 25
L. WHIEHEOA SR LT, 2 ‘\“*————1

SR ORI EEAT TITER O O IR 72

TR (5))

15
HNTERPOWMEREZZET LDMLENDHDHT-
. HEOBARE 2D &L blckmzy " 10
v INEL IR0 —RIT, ZRARFHERR 2 5 5
THN, I HIATRERMNT > AT A% H 0
VW3 2 & TR TR RNICKD 5 = & o . 4 .
T&7, ( 1/NEE B T- 0 DAL v R

K5 48 =t 7 FKE D FH R RER

< 5| FH STk >
(D Tadashi Yamaguchi, Yoshihiro Kawase, Atsuyoshi Nagase: “Comparison of Methods for

Thread Parallelization in 3-D Hybrid Finite Element Method” , Proceedings of 19th
International Symposium on Electromagnetic Fields in Mechatronics, Electrical and
Electronic Engineering, 2019.

@ - WHEIERE - BWIEGEE : [~ F a7 PC Y 7 AXIZ K D Hybrid WAIHRREREOM
RERHAN ) , EXFE #ikds - A R 7ERE R SA-20-023/RM-20-023 (2020)

® Tadashi Yamaguchi, Yoshihiro Kawase, and Murase: “Hybrid Parallel FEM on PC Cluster
with Multi-core Processor” , Proceedings of the 23rd International Conference on
Electrical Machines and Systems, 2020, DG8L-2

@ i\ - wEIERE - AR TIRIESHE O BESYAT IZ 31T 2 =WRoC Hybrid 44 FREEHRIE
OPERERHE] , BRSPS wkds/ RS T TR R SA-21-061/RM-21-082, 2021.

® um e FTHEERE - AR - mIFEAB A TR TSR EREEIC L AT v 2 —a — & [E
ER = A RSB OREMENT ), BRTS #ribay/ RS SRR E R SA-22-
031/RM-22-031, 2022



1 1 0 0

Tadashi Yamaguchi, Yoshihiro Kawae, Wataru Onogi, Tomohiro Ota, Yasuyoshi Asai 10
Magnetic Levitation Force and Torque Analysis of a Diamagnetic Material Using Nodal Force 2021
Method

1EEJ Journal of Industry Applications 694,699

DOl

10.1541/ieejjia.21000905

8 0 3
Hybrid
/
2021
/
2022
/

2020




Tadashi Yamaguchi, Yoshihiro Kawase, and Murase

Hybrid Parallel FEM on PC Cluster with Multi-core Processor

The 23rd International Conference on Electrical Machines and Systems (I1CEMS2020)

2020

Yoshihiro Kawase, Tadashi Yamaguchi, Hiroto Uozumi, Hiroshi Kawano, Masashi Watanabe, and Taizo Kusadome

Characteristics Analysis of Induction Motor with Broken Rotor Bars at Steady State

The 23rd International Conference on Electrical Machines and Systems (I1CEMS2020)

2020

Hybrid 1PM

2021

Tadashi Yamaguchi, Yoshihiro Kawase, Atsuyoshi Nagase

Comparison of Methods for Thread Parallelization in 3-D Hybrid Finite Element Method

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

2019




PC

Hybrid

2020

(Yamaguchi Tadashi)

(30291777)

(13701)




