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Electric control & simulation technology improvement through EV mini cart racing

EEF H— BRESHKE REEE BEH smKRd

Abstract

Currently, the uptake of EV’s (Electric Vehicles) is accelerating against the backdrop of an era aiming for a recycling
and carbon-free based society.

In order to develop more competitive EV’s, it is important to have electric control technology that can bring out the
best performance from each component such as the motor and battery. It is also therefore necessary to combine each
component and continue to progress with the development over shorter periods while improving total performance.
For this purpose, simulation technology using model-based development/design (MBD)- which has been a great focus
of attention mainly in the automobile industry in recent years - can be very effective.

In order to acquire and improve the electric control and simulation technology using MBD, the company participated
in an EV minicar race, in which teams competed for a number of laps with a cart kit that is simpler compared to the
commercially available passenger car type EV. The company was able to achieve an overall victory in a 2020
tournament.

In this article, we will introduce the work and results of the technology that led to this victory.

XLl %u:-;m‘&;i—womr/h 11 BV 3= H— hOY
AT LSRR 78T

BIE. TEBtE &, ik F Lz Bis T RMRomnz i s
IZ EV (Electric Vehicle) D KA EL T %,

- BICIE Ee Ry U e SERAIVIE 7)) A 2N

“ Rﬂ%jjoo)b’\%‘ EV%JF{%%%:?T &i)b Liﬂ&\ 20N T VIR | (DA FY TN 3.Okg L T
EDAYV A=V RN TIREDINT A=<V A5 | Z HE5 CO KRB E— B 1 r— A5
BRI DN EE TH 5, £z, t5av R—x 2 ML, ARO[ SRR B E T - R BLEIR L
=2V T A=V AR XA SRI TR ES | @F-Favin—T  BEkl
BTLBBETH B, TAUCIESEHE, AFHERENNCERE | @B 21% L AT, 2 L T
\ XY LOZS A

NTOBET ILA—AL#%E (MBD:Model Based Development/

=1 BEIL—IVORLVE

@)'—%

(5) ifk CQ ikttt DI — b+ T 5
Design) Z WV iy 2a L —ra  Hilin G5 Th 5. R RS SOEE 1

LG BT MBD &IV 32 L—sa
B 167+ 11 -3 B 723l TIROTEATH EV I~ TS
VTN r— by NCRIEEERS BV 32— b L— I8
HRUTz, Z LT, 2020 E D KRS TEBZEK T BTN TE R, re (3)E-% ~ (4)568)
KR B P A DI LRI DT S itz
N5, (syetk

EV S hmblamZ

EV I=7—hL—R LI, CQ it L EMETHIEEN TS
KRETHB. COL—AIR, T — kD E— X, Hifk, &z
HI, B — Rt G OEWIC LD, 305 DETT
A2 551 £ WS BDTHY, &V TIVIEREED I — Ry b e b = -
fis/cT U A—=DL—ATH %5, B1 JRTLIER

1 09 YAMAHA MOTOR TECHNICAL REVIEW



EVEZAH—FL—RZEBLR BB Ial—avEifior L

Electric control & simulation technology improvement through EV mini cart racing

DT D HELH EEIE, 20 184 KD OBIHTF— L)
@ﬁl?ﬁ)‘f’]&aﬁ“)tﬁ&) 9};.[& ibfuo

1) 20194 Cld72<2018 2 HEDHGIc LIz, 20194ER R AT IVEH
D, 20184 L 20204 R I3 AV VA LEBREOLV— VN R 512 TH 5.

&K=k

HEEE IR R T B0, KR Iz T RECH LT
M. TR FERBDTHENyTVDYy T 227 =21l
FEODEE, B—& Oy ha—F (B—ZHIEIC DOV TIRR S,

3-1. \yTFIVDYEYTAVT
73y FIEA0°CRITE TIRBRIFRINICRETE %, 2T T,
73y TV G Rz FE M EWA Tl > TR L. AABIC KD HOHE
BOME LAZRHLUTA0°CRifRIcHiFFd 522 T &b 2L
DFRBMNTEDIS U, K2ITH N 7Y DFEE S LD

3-2. E—2IRDEE

T2, ATV R E LGB L AR Fh B HAR
MDD D, L— R DT=0Icid, Ta— A0 KR
Z E0ENB NIV & Tk e 2 a0 2l a5
E—RISTA—R (B— 21— R E WA BEROKE, %
TRBESTRE) BROTETRENDH S, L, SN
23T FEE R (ERINED T 300 ML 25 TRk
W,

I3 E— 2 OB /RS BV — L Tl B EROKE,
BERYBZITNEENRETH S, A GO EDIC
b 1%, HE—2EVDOBIED, Il HB A DEE DT
EHIZ B RERMETA 2T %, Z 2T, BN 7 k
IMAGPZ Wy 22l —a itk ZA5N 5L EHO
KE BZH LB OMAT44MEEESI2L—a VL H
F ] i B GRS HVIERR C % % SR E— 2RI > 72, 8
DTS, I E e B DL OB EHROKTL L
ERHDTLBETHIET BTEDAIRER2 D DIRANTIEDIAATE,

WK A AERERT, RRAEBICKDI2Wh (27%) DFRE  ZO2DDMEEIZ. MVIEHOMAGHEOL RHEEERD
w7z IR Lz, HAGDLE@E KT,
2) JMAG E#k 21k JSOL psifst
DIRBERE # 56 [Wh]
Q@=FEBERE ) 44 [Wh]

X2 SNy TUDOREHIEICLZEND

EEETHER
HNOBSROARS
HNOBER
IMIVDEET;

! 1
! 1
! 1
! 1
! 1
! 1
! 1
- SCmON
! 1
! 1
1 SEfr=NT |
! 1
1 bt : \
! 1

[E#RE
(R=®E)

_____________________

wh W/ HE %)

o - m)

FAZN - m)
h W)/ HE 6

i BIROAS BEs BEH
HHEDED NLIEH ®1.2mm 325> 2m8/31t
HHEDE0  DEMER ®1.2mm 85—~ 38/31

E3 E—20HE

YAMAHA MOTOR TECHNICAL REVIEW 1 1 O



EVEZh—rL—RZEELBBFI#EE 3ol —avEiliom L

Electric control & simulation technology improvement through EV mini cart racing

3-3. E—42arrO—35 (E—25I1)

E— Al B—2mE S KOBEOIC K> TRRD E
%, 120°388, 180 @ L VS E—ZEHE g, Hite LT
FHENBH B D, KOFIRD LT LTV e TA,
1507385 /7 XM &2 DU 7o, Uik e LT Fife o e
5B, ZONTRICTFv LI TBIlIcUTe, iz B0BL &
E DR DTz I, e I Z R DA ATE SO
&, RIAN—DTILD ALY F T ON/OFF 352 & T, /f8),~
IETEBREITHLTVS,

MBD %l elam 245 2l amiiacs
307 TO B EY 2L —a T3z, K4D Xk

I —A 2 al—arvETIVERERL- BTS00
EFINGEDVEDITDOWTHIHT 5,

4-1. E—2ETIV

XTIV HlgdEE Ny FUELEE AL, B4
TiHEEhZERE MLy Z L, E— X2 THEEINS
Bild, E—2DEMRIC KD T B EEBEL Ny TUEED
BT KOPEENDS, MV E— 2 TIHBEINSERRIC
KOEHEEND, ZDeod, B—2ETIVETRIEEEE Ny T
BIEGUIERT— 7V & Nalfise Sy TUBEITL Uz
MV TF—=T )V I SETIUELT,

K5ICE—X2ET IULDTNZ R T, E—2Ii% IMAG Ofift
MR ZELICBELTzM, FARETAEL TV 720, bl
REFHICBOTHRRIER N DD, Z DD, B— RNV F
ICTFEEE—2OMEENE Z1 T ER R ZET IVICK
Wiz,

EILETIL
EHEFL TEEE | ETHER
Sy | e £—4 R o hdid
: D st || #rr || e
s= |V o g =0 | ZR p—— miE A
e B

K4 L—RVZal—3avETIV

D3T3 s TS >

QRIE. T

N >

A

30

B 104G Eigres onne
ik W KR Tt W

0
0 1000

=20 fraes

= i i P P4 s
i3 (

S 1w

[E1EEE [rpm]

EPBENS

2000 3000

0 1000

a7 [Nm]

== (rpm]

2000 3000

®5 E—2ET7IMEDRN

1 1 1 YAMAHA MOTOR TECHNICAL REVIEW



EVEZAH—FL—RZEBLR BB Ial—avEifior L

Electric control & simulation technology improvement through EV mini cart racing

4-2. \vyTIVETIV

Ny TVETIVE BE—2 THESNSEZ A 1LY
FUBIERHIE LTz eI Ny FUET IO N2 RS,
N FYEFIUL, [SOCY & OCVY DF—7)L | L B O®E
JERE R 5ETIELTZ, %35, TSOC & OCV DF—T7)L &
DEEERFOEERE T, FZMUTIER LTz,

3) SOC(State Of Charge) (&, FETHEHRE /I3 /LA INAEZ K I HFA
4) OCV(Open Circuit Voltage) {&. 737V OBl 1+

4-3. ERETIV

Bl €7 )UIE, E—2 0 5O8KE 1 & ET bz A1e L.
B AEZ 1L Ul RIRET IV, RA—LR—
Bl E L, 2V B XAV IEPEE— A Mgl
L. EF)VIC LTz,

4-4 BRETIV
R OEIHHV AT S RS, Fidd2Dh%

SRy g
AT UG 52D 5D
LR HT

TNEDETIVICDWNT RIS,

() EFERETIV

ETBTET IV, bz A e U Erilkbizitii e
Ueo BB, I 0ithiE ., 285Uk KD ERBIE NS,
HEDOEPIUT. ZAVOLEIBICE BT IVF—HETHY, 15
TR OMIE LTz, 225U BE . 225 e HifA LT & DEERRIC
XBHRTHO, ZENTIC IR T3NS DR ZET
IV LTz,

CTTHMEIEITICOWTIANS, MiEFE TE . 225
AERXDEZEHDIZIDNELGEZ LW FRZRI AL
T TH 5 TITHEIE TR D ZE T fiRbRi R 72 R d,
DINCTHERIDBLEFHDIZHMN, 225 TH 60 %/ NEL
RHTEDERTEIZD T INTA—RLLUTETIVICIEEL
72o

OrERER @7-7It ANYFUETIL >
! saun o i, ' =
my 1
;nl?l 1
BEWM 00 min ~ }Il '
—I m’:‘['mmﬂm“y_f T ? ""‘“-.
i 0 '"]nm e~y =
"’N ] L] " .ﬂ .’Iﬂ o !Iﬂ mn "
ORISR ’ soc:ocv
s1s - BERT
£ e
ms | BRI
£ 100 150 200 250 300 350 100
time[sec]
’ EERSOBERET ‘

E6 N\vTUETIUEDTRIN

ZERFIA

ZESHRH VN

0.8
-]
# 06
ﬁ 0.4
I
% o a
0
HIEER ®iES

M7 ZESUEHHER

YAMAHA MOTOR TECHNICAL REVIEW 1 1 2



EVEZh—rL—RZEELBBFI#EE 3ol —avEiliom L

Electric control & simulation technology improvement through EV mini cart racing

(2) DEUEMET IV

LRRHTET IV, HlifiEZ A e U Ai sz e
Uleo BB, o2 E1rd R4 L, EEUTHIm E
REARUCHHIT BHRTH S MBICET LD &R,
W7 — 2 SE TRt 2 i U BT T g O R e 23 L
CORERZET T L Tz,

4-5.L—RY2ab—23avETIV
L—AY2al—vay BRI Fid4-1~4-4DEEF)V

ZRGLIEEDTHD, E—RDISTRA—R (BEHRDOKE %
FRBENREABIET R I2L—ar 958
DTH%.JMAG THEE LT22DDE—2/ 3T A—& ([ali iR
DV IEAD 2 L—AYIal—arLicklAh EBHE,
KODI3057 ST, RN R D I o TeALAR e g T
IEF - TeAbkk ) D757 D X513 7559, KAERLIFEDY)
NaTehoh -t

ZTTCE—ZDMEDR T EXD, R2ATRT M EHE A L 7%
BINTA=2E LTz,

OtfzT -4

QHEHEIET I

>

=T
3

60

— 59
€

i 58
PE 57
56

55
o 500

Y—%v MIB[m]

1000 1500 2000

X8 WEIEMETIMEDRN

303N EEIEN .
L—Zfthx R TIEFORIGS
EDRMOGE
w | FEATERE o~ TR o TR Py
- I U A —_— o B e e s ], s s s s e e e s e s Y e e s
8
7
6 E E
5 g H
: oEElE OFERENE oFREE
1
0 500 1000 timelse] 1500 2000 2500 0 500 m()ﬂhme[secj 1500 2000 2500 0 500 100 fseo] 1500 2000 2500
NyFUES NG NyFEsE
o - o
=0 J\y7Yok " INGIE0) - Ny7UtIn
& 40 3 50 § 40
o o 0
% 500 1000 simelsoc] 1500 2000 00 % 500 1000 : ]1500 \itmy 2500 % 500 1000 A 500 2000 2500
time[sec! timelsec
K9 #MHEVIal—IaviER
R2 BELEE—ZDINTA—%Z
BEMOKE BER BES
®1.2mm 18%—> 32341

1 1 3 YAMAHA MOTOR TECHNICAL REVIEW



EVEZAH—FL—RZEBLR BB Ial—avEifior L

Electric control & simulation technology improvement through EV mini cart racing

L—Z&ER

R —ARR 2R T L—ATIaL—a @b O
ROz L e s 2 R e TE T,

x3 L—REBER

17 PRNE-F-I22Z7)) © 9 =

20 VRN\E-AH-TI2SZ7U2) @ 9 053002037
ML MF-L @ 9  25303#538
I fthF—L @ 8 1LAP

X[l —JH BRI DY A lc T =V T A iR LT — LV L
%%

10IC95Ef T T — 2 L— A 22 L— g VRO Ll
R CDTTTNEL—ZE T RO AL BX TNy 7D
EERD, HETT— R IaL—ar WS THET e
DB, TNUCED, I aL—aryOFMEDHERTE 2,

E il
L]
8 4
]
B |
2
— R ETT 5 N
| | | — 21l —av iR
0 500 1000 1500 2000 2500
time[sec]
100
— TS
— 31l —av R
80
= 60f
o
o
D g4l
20
0 . . .
0 500 1000 1500 2000 2500
time[sec]
2al—o3> 9 98
L—REER © 98.4
K10 SH|ETT—R2EL—RAVZal—IaViERDOLEER

Bbylc

EVI=A— L —RIZBRL, AV R—bDtv 71
VIBXCETNVEFHLEL—AYIa L—aic ks
GRS TAENTE, VA= L —ATETERCE
T HRLE TRy R—32 M2 LIzE L TR ER
Tr—xVAZG B RHMNZRA LTSI LRgTEN
TEI, 5%IE, %Y R— 22 bOILE KK T E S HlfEE;
e, KORPNTENY 22 L—a U &IOS %
HIFU T, 54580k RicsH TS,

W& E 3k
[1] BT, $aAREE, | H WRIHE BT 5 2 L ADC
Vol 23,

E—ZOMEMICKI DR, HA AEM #4358
No. 2, pp. 276-281, (2015).

WEE
% ]

FESS f#— RE R

Masakazu Takano Asaki Fujiwara Yuya Tomooka
YINE—Z— YINE—Z— YINE—H—
TV RS IV RS IV RS
EEYT VAT LAHFER EEVT VAT LHHFER EEYT VAT LHFER

A
BiE 7k 2th

Tatsuru Shirasawa Masaya Suzuki
YINE—Z— YINE—2—
RDAYONDL 75w R M/ - N
ECVT VAT LHFER ECVT VAT LHFER

YAMAHA MOTOR TECHNICAL REVIEW 1 14



