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Abstract

Battery electric vehicles (BEVs) do not emit carbon dioxide while driving but the range and battery anxiety are
still major concerns. Depending on local power supply situations, BEVs may not be the optimal solution from a
Well-to-Wheel viewpoint. Mazda proposes a “multi-solution” approach, combining various solutions such as
internal combustion engines (ICE), electrification technologies, and alternative fuels for the transition period to
the electrification era around 2030. Under such circumstances, Mazda developed a series hybrid electric drive
system, e-Skyactiv R-EV, and installed it in MX-30 Rotary-EV. The e-Skyactiv R-EV offers an EV driving range
equivalent to 107km for daily use as a BEV, and by incorporating an 8C type rotary engine (RE) for electric
generation, it enables longer drives without the battery anxiety. By taking advantage of the compact size of RE
over a reciprocating engine with similar output and by downsizing the electric drive unit, they were able to be
packaged within the production MX-30’s ICE unit while maintaining the interior space of the model. This paper
introduces 1) the design of miniaturized hardware components to downsize the electric unit, and 2) the

development of control software with improved robustness against electric noise caused by the miniaturization.

Key words : Mx-30 Rotary-EV, Series hybrid, Miniaturization

EEMERRICIREL TV TRIFYUa—2321 D

1. BLB T7O—FHBEEZTVWS, Fi, 2030 FICLT
XV A 2030 FEEE TOEHLERRADOBITHEIC DU =EBEELL, Y O—/NLERGED 25—40%% BEV
BEWT, ICE, BEMEEIN, RBREREEEIERY EIBIeEBELTWVWS, TOHRTH—RYZa—+
Ja—>3>zbb, FHOERBBICGCTENEN SILORRICAITTHET S WILFVYVa—23VE
"1 PTBARAR 2~6 PTRIRAL BRRH> X7 LK
Powertrain Development Division Electric Drive System Development Dept.



No.41 (2025)

TYAER

B 2RI BZIETILE LT, MX-30ICBEV ETIL,
ICEETILZRALTSE /o
EITRFICCERbRFRZTHEE L2V BEV OERISEB D
EF-oTVWBH, BESICHEWLT, BEV IIMFGERDOE
IPREXRZVREDBREDIODASHRVE VWS EAELH B,
MX-30 ROTARY-EV |F, HEA 8CEBIO—4—TI>T>
(RE) #¥B8EH T3 T, ZERIFBEVELTHEZ 3
107km @ EV EFTEEBEICINR , SRR LAARHKERAREIC
SBREBICELD, FRIREMRFS1ITH, BEROFR
TR BEREZELL I ZARIC L
E—Z—ERHILEZTEICENTED, BBRETILTH
% MX-30EV ETILIE, ZDIEMZENMLT, ADRK
BICESIEFMEERBE L, BBHOLTEE—F—
PHES S —=ZNA Ty RTdH B e-SKYACTIV R-EV I,
HEFERL LTH2R e MilERzREERT 2 /N\Nv T —
E, RES/DIHRL—EF—ICLDRERBEH > TVWBT
HEVETILEDHEENEVY, BREHEHS E—4—
DOHEA%E EVETILD 107kW H'5 125kW ICE®H B 2 &
T, EVEFILLRERIC, 77 EILREICH L TUSELR
<, BOHSMTHRVWRTUVILERSFEEZRIRL 7

2. PHEV 2= FD/NEME

SEENERFEFI=Y ME, AN—ERELBET
LEBEHRPOLAF 2 —1FEBEZREDNOTFIHDY
S aIUTHBRTIBEDLNH D, e-SKYACTIV
R-EV Ik, ABIREERMX-30DICEI=Zy h&DD
INBUZT BT, Vv aT)7EBERLAENS,
BRETILORELENEEEZDOEEMFETZILH
T&ETco e-SKYACTIVR-EV & ICE 1= v FOANEFRD
&% Fig. 1 IR

Fig. 1 Comparison of Appearance between
e-Skyactiv R-EV and ICE Unit

2.1 BREE#HIZv bONyIT—TiE8E

BRHHI=y FOEBREEEREL, 7inl] @8
TR THEYEZR 5T,

BHERETIEHE—%—, KU, JxRL—%—
&, BRERMNIZERTII-ODOFRBZEAELELET
AERERCL, REFT7E2EHTC—ERLICEREBELL
Min1] EMFATWVWSI=Zy MEBE LT,

o, E—42—%HIHIZ1>N—2— (NV) &,
Sl —R—%HHTEZIN—2—, BERECERERE
(12v) #Z#:93 DCDC AVN—F—, RUSv>T
2 aViRy I ZDEBEE—DDERKICIND T T4in1) =R
ML, MBin1y & T4in1y Z EFICERT M7in1) ¥ L7

e-SKYACTIV R-EV O#m % Fig. 2 IC7R

Fig. 2 e-Skyactiv R-EV

2.2 3in1 2= bDIMEUL

E— 44— ZaHATHRHILIHICE, E—4—,
PIRL—E—DOANEEEROBEBHNEETH 3.
E—4—, xRl —F—, FTORLIETRES 3in1
=y FOARAICHH, BBEOHEEINSOHZ LT
ABFEROYEEE R/IME L T=e EFEMICIZ, ERICE
ZHERL, 7L EHIET 3\ %H > HlEE R %Z B
BEEL LT 3inl OF LR %Z Fig. 312" D
SHERSXTLICEEL, 7HoiEsFEHEL TV,

Fig. 3 3in1 Oil Passage



TYAER

No.41 (2025)

2.3 4in1 2=y D/hEMLE

72y aT) 7OEHICNZ, T—EXMXRHEAT
ITHEDBEZH/E T Z7DIC, FIXIEULTDLS 5 E
EDITXREHBEDIAAT,

- HIEERZDEIL TS £ A <EE

- EEREOONR MEZFHERT ZNEZHDAATL L

TNETVWTEIHICREERTIZ 75y MN\—R %A

- BRERETER LEAS ST ER

s NNT—FETa—I)L (PM) AEERO/NEL

COHFH 5, PMSHEERO/NEILDEFZBNT 5.
BEENYTU—DSHETNIEREEZ, PM D
BRAAYFIIICEDE—F—, STRL—F—%K
BT ARXMBEICEIRT 2D, ZOIRICPMDBERAT B,
ZDEUT, EFICKRITSNIOSEIAGEREE L THEIK
ICHBI NS, SHACERIZTILZEEDERICER T
N, ZIILTILZIEGLEDOAN—TEXTREBECLT
WaH, HICEIHARAOHIKAEL <, EDOY—ILPE
DIFFRIL FERETZEEMHPBERTI AN o7z, £C
T, BEEBHES FSW) WO EEREMizERLE
(Fig. 4)o FSW X IEEH=EBATHILIE I LD
I, TEORLATARVEEAIZE DBREGHREIZE
MRBTEZETESIE I M TH D, BEMICIE,
Fig. 5 ICRT LIS, 2 DDTILIEMERSEHE, £
CICHRIRICEROH ZMABROTEZH LSS, BET
BEIE2CTHESLTWS,

Coolant Path 7

Housing PM  Coolant Path  Housing PM Coolalnt Path
“ 7 B o 7
(0] oaguun, 9| (¢ ] o00uue!

195 F —

/ /
~ 7 i 4 v
b | Fsw |

Cover Gasket
Fig. 4 Area of FSW

Push the tool.

Flow caused_by

Rotate
the tool

| tool pushing

Material 1 / Material 2

High Temperature Area
(below melting point)

Fig. 5 FSW Conceptual Diagram and Weld Form

Fig. 6 IR G & 312, FSW BFD AZATHEE R L - EK
HENEDBIETER T35, mBEDRZENT IAKE
K, $IREEBHORERY, AHKEAZHILETZ—IL
HOBEHNEETHD, UTICTRT 2 D2DRT Y FTH
TR % IEI L Tz

Step1 ZFZ QM : FSW B ORERERUVAEREZ
RATZETERDZHAEER/EL, Fig. 6 DEF X
AZALICA>TEFEXFALE (Fg. 7)e ZDET
LERVWTHREBERGEEDAD LT, EER
il L7z

FSW
TooL L€
" _COVER

@®Housing heated by FSW

AL

ousing

® Shrunk when cooled

@ Expanded by heat.

Surface
temperature

EE § E §F B B E & § §

Deformation

o

Actual Measurement

Position

Fig. 7 Deformation Predicted by Modeling

Step 2 5BIE | BAZEFEDMIMIMEITT, BIEIRE
ZBMLT, BERBELZENMT S5, HEEZT 35
FieRBELL, BBERMICHERL THEZNMISZ L
THEEBRZHBE T 2EHEICHZ - (Fig. 8),



No.41 (2025)

TYAER

modificatio

 ———

After modification

Deformation
lv~)
[¢]
I8
E

Position

Fig. 8 Modification to Prevent Deformation

3.Y7bh0x7 (SW) DRH

INUBICE D, LYILNEE—Z—DEEBENIEL 23
%, BRHG /A ADOEEEZITPT <3 (Fig. 9)o
S=ILREDON—RTTT (HW) I2&B /1 XREIC
Mz, /A XOHEEZIFICKVEEERATBZCT,
AN MEDBWSZXTL (SWEED) ZHELT.

7=, BEV, PHEV, HEV ADREMZHEI TH< &
T, JIAFYUa— 3 VHEENRNICEDZ R
AJREIC LT

Resolver

generated by
leakage flux

Fig. 9 Resolver Location

3.1 YI7bhoxTIBE
E—2—HIHZRFIC SW #EE% Fig. 10 IR TTv
N7 —LBET7TUVBO_B#EERZLED, 75V bk
7 4 — L JBlF AUTOSAR IZZEHL L 7= SCSK 1 E4MD QINeS-
BSW ZR—RICWRI M AVICELEIAY T L —
2ayYeNYRIA—FTa4 VI TEBR L. £, 77V
BIHIEEREE S 1 — JLBAAI T Simulink BT L& 18R L
7o

APL layer
iPreIiminary Failsafe Communi
U desi OBD ||Power off|| cation 1/0
i design control .
i security
Motor
RIE torque
control
PF layer (AUTOSAR compliant)
- Communi-
Memory Monitoring . System
cation X 1/0
control control . Service
security

Micro processor

Fig. 10 Software Structure for Controlling Motor
Inverter

3.2 HEOFEN

Fig. 1T IZRLAEVEIOERISHA-T, EmEEHLSI
Zy rEBAART—R LT, BllaZy FEZE SWE
KE HW BRICHBEDEIL , SW HIEMERRICE E LIAATS,
SRRt EED B ICHT=D, WHE/NTARKRFTOv Y
ICHFTMILS ZBELIREEIL— T ZEBI LADN S, B
HORITRNPRERICLZFRED ORIMLER o 7=,
¥, A IRETHZ VFEIOLROENVIVETHE
I LT R Mz EZEL, BNYIDETART
RICBID YT, SWHEHEII &AL, ONI MERE
MR L7,

Vehicle request “ Vehicle test
Electric drive system request ------=-=-=ssmmmmmmmsssesnnanas3 System test
MOT/INV unit request } -------------------- Unit test
Hardware functi 3
[ ardware unction ][ software function reque ,(J ------------- Software system test
requests

[ Software control design r """ >[ Software integration test ]

[Soflware detailed desg n } { Software unit test J

[ Implementation /coding J

Fig. 11 V-model for Software Development

3.3 SW Bt

(1) HW/SW D¥aEER S

VEZOERDENVTIE, Fg 12 ICRT &SI, B
ESRIEEER INV ST BM@ADEREEEEISTEL LIAD
TNV 2 R T LLANILOEEEREFT 7T — X1 &, INV
ANDER%Z HW/SW ICHEEEEL 7 9 25 TEEMME RS
T7x—X1 h5%HD, FHMMEERETT7 T — XTI, HW/
SW O#EERR D E1TWV, SWOF7 T r—>a>Odvy
®Et, BERXVEABORE, 1/OAVE—T7 T —AKEHE
ICRM LT BIZIK, BREVTOMEZSISHTHD
BERA7V7ERERITDODD, T IL2EEEIL SW S
Fa—Z R OAVEICES T 5%, @E /IR



TR

No.41 (2025)

bAAREADE B ZER T 31O DBEFED L L

Function request study phase at .
vehicle system level Vehicle requests

Function request study phase at ‘
INV system level

Request function at INV system
level

Detailed function
design phase

Allocate functions to
achieve the goal of QCD

HW function SW function

Fig. 12 Function Allocation

(2) BESWHEETOY I DHKE

SWICEED S ic& ez BIR1L 9 B7coic, 771
B, 73y b7 r—LEBAOKETOY VEE, LI
HEEREBD O w JRETZIT o Tco BERERCBICHT=> T
&, BEEP HW DEWIRLKERANTES LD,
HEEDEBN, ZEEZRZICT ZHOEE, ZEEEE
BELT. 77UVEIE, BXNLIEIE, ER7—F
Ny ZHIHRER—=2 w O BEREIFERE, £0MOmEmR
ifE%Z &8 3 7= DI AREEREIC D W TIZEEER L L
oo 72V RT73—LEIE, HWHZED>THT7SUB
EDAVRA—TT—ADEDLSHBVWLSERET LT 7'—
FRSANPRD AVN—Z—REDA VY IN—F—1=—
I EmERL, AUTOSAR SR THEDNERSNTULA
L\CDD (Complex Device Driver) M&&5tHid, Fig. 13 IZR
TEIIC, HWIBRZHRILTIBERITZ LT, &
B3 HW ADKEBBEDEIREREIE L LT

APL
Torque control Current control
Vehicle motion Torque Control function Current F/B
control control for efficiency control

State Control function
estimation for NVH

Abstracted information, control
instruction

CDD

‘ Abstraction layer ‘

‘ Device driver, MCAL ‘

HW information,
control instruction

I Gate driver, RD converter

Fig. 13  Software Structure

3.4 SWOETFIA—IIREE (MBD)
(1) SW @ IPOCN
SWOONI MEZZHBZ=DIC/ 1 XRFEIR- T

MEREZRE L e /1 AAFEHRIFHEEVRT S
e, FWHLIE/ A XRFERI<IR>THRIET S C
EDRA Y B,

/M1 ARFEHRVETDIC, E—F—HIEEE 0k
BEICDW T, Input-Process-Output DR Z#IER T
L, 2oYERXALISE X SNBHIHERF (Control),
J 14 XAF (Noise) ZixWHE L 7= Fig. 1412, ER
74— RNy Iz L7 IPOCN KZRY,

IN CONTROL | i out

Control gain * Magnetic flux [Wb] y

*Inductance [H] “Voltage [V]

~Rola!‘(ona\ angular velocity w[rad/s] |

PROCESS [| Pt control Decoupling control
. L=fG0.V)f
-—-l. ] ;

Target curtent + K, ke + L D axis target
(daxis)[A] 0 K+ 0 “voltage [V]

d axis current{A] LfGONE ¥2(Tneg)

i = f (b, 0) --dein o

“Target current + - + o Q axis target
(qaxis)[A] —C K, +7‘ T voltage [V]
+q axis currentA] - -
iq = fliur i, 0) Ky Ki = f(R.L,w)
NOISE

+Armature resistance variation[Q)] +Voltage variation [V]
*Resolver error (Mechanical /electrical)[deg] *Magnet temperature variation [degC]
+Current sensor error[A] *Inductance variation [H]

Fig. 14 IPOCN

(2) /4 ARFHRFHER

IYVAIEINV M DH T EFTEARECU D SW ZRIR
L7iBBDH B, HE)ERTCBIERIE SO NBR %
EEBEICDWTIZ INV THRELBITESDHS, B
EOHRTRBRLAREGDANZALEDRTZ L
T, BMEEITARE /A ARAFEHEVE L. BEFREEH
SHEVWH L/ A XA%EBIEB L/ 1 XRFRHRRDKRE
% Table 1 [2/”R 9o

Table 1 Identifying Noise Factors

Further
subcategory

Category Subcategory

Examples of noises

. Temperature, humidity,
External noise | Epyironment | altitude, mechanical /

[External | factors such as electrical /chemical stress
disturbance | environment or

Driving frequency usage

usage
& Usage (road surface /bump etc)
Noise factors Modeling Quantization error,
generated by error sampling error
the behaviors Control
inside the ontro Response dela
control system response P Y
Internal i i ;
disturbance| Noise factors Part/material | Life consumption of power

module, soldering

Characteristic offset,
temperature drift

that change degradation
characteristics | Characteristic
such as drift

degradation or S
! . urge voltage /current/
drift Noise, surge | g|eltromagnetic noise
. Design Material /dimension
Noise facots variation variation

generated by

part tolerance | Production

variation Coil/bus bar length

Part
variation

Noise factors
generated by Assembly | Resolver/motor assembly
assembly variation error
accuracy

(3) EALhRH LAREEBRIZ DA
HWH LT/ A X2 FALIREEZITSICHTID, E
WeRWANY IREEICMZ, HlETOE/NY JKEE



No.41 (2025)

TYAER

HFERL, FOEHIC, BT LISEVWH EREER
BrlLT, SETEFR/ A XEMMTEZHTES
HILS Z#8% L 7zo HILS #5%% Fig. 15 IZ" 9. CANfE5
PEUBHEESE, IETEABAICERHN, HIHHNA
1 XRFEFIATED LS, 7S5V RETFIAIC/AX
ETFINEBEL, £, I bO—-F—AlE L THREXE
IGAB ECU ZFERLTWEY, EEBHI=-Y FeESE
OHEEREERT 28R L,

EEHLS T/ A XEFZHDEBRVWLARILETIRS C
CTHBED IR T 2IRARERSD, CORARE ME]
CEERLT. BAEDORFE LT, FEBETHBEL L
e TLYINESRBIZHT S MLIFIEOED 2
BN T B E—F—TZVFETIHDLYINET
L5, REWEEMNRO RD O /N—42—A®D A ST sin/cos
FEICHL, EEEEELEFRUBER /1 X2 KE
CEALTe /JARXEELTEsin/cosEF I, vraY
ENLIET )= 3> TOESUEACEEHEE
IZEh D, RIEBICBHEIET S MLIICRKET S, CD
MILOHIEDIEIE T 2IREZECEERZL, EICHLRA
BEH 771 VR, 70 IILZFREHITTZEE LAALR
FIHFRET e T2 28T, BEFREGICHTZO/NX ME
PELL, EREETOREEREZMRABZLHTE
foo EDESE% Fig. 16 IR T,

Plant model Measuring tool (Oscilloscope)
G G
é_) ( aﬁ.’c
-Mt fant, | plant v I
lotor plan
';,;G'Z\) (FPGA) v Measuring tool (CANoe)
Operation testing tool
(ControlDesk) i Measuring tool
Automation testing tool (debugger)
(ecu-test)
Noise injection (FPGA)
. / Measuring tool (INCA)

Terminal

Operating device

Simulation device block DMCM control board
(Controller)
Fig. 15 HILS Configuration
5 Functional
s P T~ limit
S| Function
LT | guaranteed range ! :
: Margin! Functional failure
Normal usage X
Noise 1 Noise 2 Noise
Controllable j/l\, Hk
2] noiserange 2 o P e « > - | S| G
Qa
8 p -
ol VY AR
= b
g : Noise 3
) Suppressed
Controllable by control — Uncontrollable
K N >
1

Time [s]
Fig. 16 Definition of Functional Limit

3.5 SWEIRMSR

(1) FTUBREITTHLS, 7Y b7 x—LEBZEDI
E—4— « INVHIfE SW = BaisRET L, YHOEFEE
BECLTHETZ N TET

(2) SW RBOONZ MEERRT 572012, HEELIE
WSO T 2FE, KU, FEGRKESHTIFE
OHETERS LT, REIRE /1 ARAFZRNLE
<CHEWHT D TET

(3) YVAH DA THZ MBD BIRZEAL, ONX b+
BRE—Z—BEFH AT LZHR LT, £/, SEORHRE
FELT, SEOBHRRTEHATIT 3 MILS/HILS £F
B LI-MBD IRIEZHBETZ N TE

4. EHDOHIC

EREOBMARBRETRICEE FHEI—EKE K>
THFEEEDIAR, BICIV A DiEAHTH S MBD FIF
EHERTRCT, NN DOONR NERE—F RS>
AT LZRHE LT

EMF T EFTID e-SKYACTIV R-EV [ZAAXRBEHERE
h—70/08—FTHFAv—r2WZW\W, ZDORE
BEHO—DIC TN bMAESHREI =Y FDRIF)
EEFTVWELEVWTSED, BEICED EREOKRE
BEHIAHIZTE D Te0

IVAIE100 FIC—EOREEREREDBZ 579,
2030 FET%# 3 2D 7 —XIZHD T TERMEMICESNL
LTW<, SERFELINE M ZBICARSES
CTREMERRL, WIUFVYUa— 3 EKRICEI-
T, $EHKMEZSDHZEERDFIT TV,

RIS Mt ER xR



