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Modeling methods that contribute to improvements in accuracy of CFD
analysis on electric motor
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Abstract

Yamaha Motor continues to work on development in electric mobility as this form of movement becomes widespread
worldwide. In the development of electric mobility, heat remains as a very important issue. While electric components
are heat-sensitive and therefore need to be designed accordingly, they are also required to be compact and
cost-effective, which is a contradictory to the requirement. For this development, the company is conducting a desk

study using commercially available Computational Fluid Dynamics (CFD) tools. This paper introduces the outline,

issues, and modeling methods, and their validity confirmation of CFD tools for electric motors.

IZLsIC

BIECY T DS K DES T, YT Z DhE
MEDHSNTVS, EIELY T FEICEOT, BAUIIEHIC
HLEIERETH B, BHT R — 3 MIBICHIL HYNRR
RIENZRENDHZ )T DT EEZT T MERK
TAMEDRDENT OB, FFEICH 2D, Ltk Tl iilEAR
PAfiEHT (CFD: Computational Fluid Dynamics)Y—)L7% >
TR ERG 2L T % ARG TIEE—2—0D CFD D2,
A, BT IVETFEL T DOZ YIRS DOV TS %,

EE

A, BRBHR S D Tz H I RICEH TV T D K
MHEATED, “HiA—T1—TEN\A T OBFLBIFEDARKL
LT3,

kT, T =N FEEI S L — T EREE R 2050 1 & U TR
BEENHEZ T TV S, ZONMTH—RYy Za— b))V
DOFBNCAF TG & LT, BE—2—P A 7)LD/T—h
LA RS EE H RS 20504 C BEV (Battery EV) 90.0% & i
VT3,

HHLDZ OHEDN, BEFEHHO—DHRETH
B, BIELV T A DALY AV KR—F Y MNE, BE—R— N\ T
J—.MCU (Motor Control Unit) TH3H . ZTNFNEGRE
ATV S, B—2—1&, I )UHEIROA I X 5l
R0 AT DG K 2 K FOREAE T B et D5, 73y
TV MDOT K= FEOEICTHI DRI AV
JiE LW MCU Bl KENEE 2 2 5 & Wit K5l
HTLH% ML EDKSIC, BHIELY T+ DAV R—2 2 MIEA
1< A B IR LTk 2 3 2080 5 5,

7 1 YAMAHA MOTOR TECHNICAL REVIEW

—J5C B R— R ML AT bR A Sz
1eg 1z, MDY 725 3 MERIRT A MEA RD S
N5 AL BRZHRE—X— D ZZEZ I A X2/
L& LT BL, FERHEIE N R ELTLS— /5T, AT A
IRBTDIEDN 179 %, FIRIREZEZ RO R S i v
LCHHN BATLEILER, KO ERRE D @D
B, KOWAIERED B\ A AT 2K Gl 22— /K —il
W) Z2BHNT B, TOY A TAXPIAMHLTLED, Hifl
I AWEREZ BB TRl YA XPIA MmN LTk
AIAROENT VS,

INBDIAYR— 2 M2HFET 2ICH T, Rl L
TOMEZ I L TV B, it TR DO BT A Sf#EHT (CFD:
Computational Fluid Dynamics) Y —/L 7z T, ChSEGR
EOH| MG Z L TV ARTTIEE—Z—O CFD I
D, BTUETHEC OV THIE B KU Z Y TEERRIC DV TR
9%,

E— 4= AR OIS

3-1. E—2—AREHETOBENEFER

E—X— RGO HIE FICLL T O2 102851 %,
Al ERT TR LR TEDRERR LN R
A2 D FEREMGIE T FeE L7e IS 3 2 Big iR &
xR

AT SRR OTRE D Sl FRROBIGH LR -

R T BBRICB W TIRIATEHEL TV S,

FENT A E RGBT IR L FDEBYTH S,
VIS EDERDFEE T B DTG ORGE ., %2
K 7R E DIBPEREDRGE  EARIESROE
PR ZEN BRI O TN O, ThEDRE (X1)




E—2 BRI ORER LEICERISET IVIEFEDBN

Modeling methods that contribute to improvements in accuracy of CFD analysis on electric motor

B IADTRN R 2 B, AT VR ETRIL
FEREFTM TIEEBAMIRE X D B E DD, I EZ DHIEIC
BTz OB ODBIRNTENL W, CFD I X RN Z ]
BULTBTL T BIRZ AR UK T OV R 2T B8 HT
X5,

K1 E—Z—ErEDEE D HDE

3-2. E—Z2—HiNERBIFDRE

Yt TIE T OB FER, AR AT 2@ LT
B, 2T TN H 5, — /7. E—X—ELTIED
M B Z DR D TND, TTHHIEZ DFHEIC
DWCHIHT %,

I IV E TR LD S B OO~y R >
H—BEERT =V R —TiB0 I (225K hizE)
IKHRNTOL —J, B—=2— R FICANOVTHRELLZAD R
C o BESIR, 77— AL Z L D@ TIHBIc RN S,
VU UIREERIC IS B ABAD S NERE T OB DY LR
HHiTHAHN, BE—2—13Z L DOIBIHZE 0 BRI D M TH
BTN B,

E—2— I RUEHIR EPHE N S R (RS ORE A
55 (X2) . BifEE N2 BRERIH DN IZ AR HAS A A
0. FHEAKOEEDED D575, BREIROREZ T D F
FHHIT A IFBIREB B L URTEIA D R THEETSH
0. ZDET LA HETH S,

Fio, B— 42— 13 2L OB EES> TIREAS N B DY, 2631
A& RICIE ZE BT E L, BNE 0 D 5<%% (K13) . T
D27 Z DFEFHBIT 3L IIREHRE AR, WHETH 5,

CNSDOBIRZH SR TN 23 2L it ORGEN E7x
D, KIS B X UBIRO FHID IEREIC TER{7%5, bk
FRUTET IETFE R Uz, KXY,

ZKorEEH

AR
BHISAR)

X2 FHEEMROBEC IR

aB & 1 S /
Ban2

ok

RERAASTEZES B
K3 ERSmiEfERDA A—VK

A S I E TN
T REER

4-1. BEHRDETIVIE
4-1-1. EFIV{LIIE

TR BIEX 2D X IFA DA JE I B A RS TOBER
T B, T DT, BIE NG T2 RS AD,
H RO BMAE R I L BRI T DEDDELER L D/NE
5%, 5 Hl, 2B s R G - itz —Do 07 oy
ZE LTI, 22505 500 72 Z 18 U T BV AR (=S5 2A
{E3ER) B3 9 5T UL Z1To oo B R OB T
EICDOWTHIIAT %,

FEJE T IS ETICBIEPIDIEE T 5728, Ao EFH|
BRI D, A S RO MEMAERO X 2 iE & 6

%,
Jeg SATEM IR
t o~ FEE AR DR I
feg =2 RO )
oyl A BEREBHR O B8

P
! bt 2R ORI I

7 2R DB

CORMRRXDZ YRR D T8 FRE HE U752 )
FICm g AT IS DWTIE, BRI HIK ORI TE,
RGO LRI FDME XD,

YAMAHA MOTOR TECHNICAL REVIEW 72



E—2 BRI ORER LEICERISET IVIEFEDBN

Modeling methods that contribute to improvements in accuracy of CFD analysis on electric motor

4-1-2. ZHEREER

Rk Dkl v 72 X 4D XS IWiEMA TI A, L BEVE
5z, b FOREAZBAEMCXONE T 5987 T-7, b
TOMEAB KT, BUEEE, Wi, SRAZRICKD, FRD
LR T L, HATRD TRV I (1) DR E FIRL
72 (X5)

X4 EHERIAR (£ | BrEwARE I H0. A | BREMEE I 1R)

15

HEED A VEER

a
[

T B

=&

0.5

20 40 60 80 100 120
FHRE[C)

K5 BREROREREINTHFAEED
BEGRETOH L RER

P53 BURER D TR T B HEMHODMOEERTH 5,
RO TERR X TR O | RO THD . GHR AT
COMREICH T B2 DGR 2 FIVT V5, FERfELFf
BHEDSIRE TIERIC RG> THY., FHER D2 4D
RTET,

4-2. r—RALTERMRDIEREDETIVE
4-2-1. ETIVLEIE

R CTRAL 2RS0T, SRR N IZ A 3 2B FAE L, B0
D575, COFTHBDOEDED D5 I il EITHiE
N BISRE TR ENS, CTTE, BE—X2— — AL RiEHK
DOHEEIEH DT T L DRI Z KT,

—fRIICH SN TR B R 2 2 ¥ kKT T
HAHEDOLM ZLLFITRT,

73 YAMAHA MOTOR TECHNICAL REVIEW

___L7x10°  0.6P
_61+50+52+50 H
M 22

10°A;

K
o1+ 0, (2)

K B 5 22 2 [W/ (m2+K)]
012 P B IAE DIRKEE [um]

S0 - VAl S B & (=23 [um])

Izt BEAZMRESR W/ (n-K)]

A ARG W/ (mK)]

P 3+ )] [MPa]

H: (SO J1—AfiE kg/mm?]

CONUTFOME DL 172 LGB EEN T2
MDIRDRZDREREZEBEIN TV, TOROZYMTE
NT BT, e CFD ZRAELLIR LU,

SPRAMENT > X 2 A PR LD B2 1R TR > T T H Y | HifLmiRd
YHIHDEADIED T EZR LTV 5,

4-2-2. ZEERESR

BRI EDHENT — AT L, IR 2 52 5T
BHDE—Z—ELWEATPHA, 7 —A L RUE SR DT IE 272 ]
Y B IERE 1o 72 (X16), [AIIRFIC, TOTFRZBHEEL 72 CFD
2RIz (K7), CFD T, 7 — AL R dif e D Hafib 51 $2
fil 172 An7zosf (BT L) 2 (2) THRIL
Tehfi R 2 2 A% . Z T GERAD 7 — A LR
MR OIL D IRE BB X Z M CIC R I ME L
(FRIEAED D37 —AF LTz,

X6

SHBRIAN ( : BREMVRE (31T 7. A | R EARRE A1)

il {}] 11

X7 CFDEFIV



E—2 BRI ORER LEICERISET IVIEFEDBN

Modeling methods that contribute to improvements in accuracy of CFD analysis on electric motor

AR EIE L EtEE A B

0%

-40%

-80%

-120%

=R L EBIROREZE D
EERE E DA VEER

-160%

X8 T—ALHERBMIRDEEEDRERIEICTTS
CFD {EDH L EtE SR

B8 — A LR MR DL 72 D IR K9 % CFD il
DIMOEERZRLUTO S, Sl R T LISH L, HREE 52
BISEDWTOW S M, FRE S KT HEM L LEARDVEED
RENTEW D%, FHRELTIE, K (2) DHIRDENEES
NTVERVE, T — AL DIZHH O T H 2 FEfE B O
D KOD XA In> T, HEfilmAID KDL TS
MO2HE 25N %, 2 (2) D7 T CFD Z11534.
CNSZBIEUIAEDNRETH D, KIDHEMIRIZ I L
Tl iz BE MG T H %,

e

X9 FREMRORERETDOILKER
4-3. E—2—2WBIRIcH I 5T 5 ERER

CTETIE EBHAL NIV TH Te b, B—X— 2R OfR
Fic T S BB LIz E T UL B 9 228 TENTEIHEE
W EUTe 2 iR LTz,

E—X—2ATOIERE Z e biff LTz CFD Z il g
L7z S E—RZ—DBFRICB O T HICOMEL k501
JVIE & LR Uz, CFD ICBIL T, &1 DK ISR HilAR o
ETIUEB LT r — AL REHbEAT O €T IURICDNT
iz 5oz,

®1 CFD {1
CFD {4k
casel case2 ‘ case3 ‘ case4
’ — - RS g
HEatkOET VL REAZ IR G
—A il o
)7,“ ERRIRBS ISR IR AFEAE | RDEAE
7ML
casel case2 case3 cased
0%
S M -5%
@ g
o 5
4 &
#w S -10%
g N
-
N
m W -15%

-20%

10 3AViEE EFEDREREINT IS CFD fEDH LB

B 10 3)VilE ESEMOILRGEIC % CFD flHDh W
B2 RU T 5, BRI HZ HIE S T THREE DO EHE
INEL 75> TH Y, cased DRE B DB ER O 7RI
& — A —RiE R OB EPMR IO FRIE 2 W5 T
ETHBRMEICD R DR MEZRTS BT E DN TE T, £z, case2
5 cased I THRBRAICRKZGE DV TWVWBTEN S, r—
A LR B AR OBl B 172 IE R AfICEE S BT e
M PR OM FICB W TEER N THETEN -
7o

BbYlc

YR THERL TV B E— X — BRI O T L TFEIC
DVTHIT LT,

AN LEREM O 7 UEB K TEATOET VLD
RIEUICKOTREE PRI EEADYRIEIC ) U7z,

BEITLY T+ OBFEDIEL, PIFOHTROENZER
LAV EDBHIT, BRI DT F ik 2 5% B MR L
T,

WEE 3K
(1] K5 e A2 25E, 55-397, 102-107(1952)

YAMAHA MOTOR TECHNICAL REVIEW 74



E—2 BRI ORER LEICERISET IVIEFEDBN

Modeling methods that contribute to improvements in accuracy of CFD analysis on electric motor

mEE

Ly At Al ET&H
Takuya Yamauchi Satomi Ishikawa
ety DHFEATER ety DFFEATER

B RATH NV B s A7 45585
Ve AT &N b eSS i

BEEE hEH
Mika Inoue Hideki Oki
Helfe - DA Helfe - DA
FBR R AM FIFEHEHREED
Jete 7 TRy N AM 254l

75 YAMAHA MOTOR TECHNICAL REVIEW





