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This is an unexpectad return of the ratary engine.
As of 2023, the survival of the engine itself is in doubt, and Mazda has reinfroduced the RE,
which was once withdrawn from the market due to its inability to meet fuel efficiency and emission regulations.
Moreover, # is a complesely new maodal with a complately new design, and of coursa the fitle is SKYACTIV.
How to use: A prime mover for driving a generator for series hybrids.
AVL once made RE in a similar direction, but it was just a prototype.
available cars,

i and Fs o it an corfime sl

Mazda infroduced this as

A new RE riding the big wave of electrification. Why was this newly adopted?
‘What are the advantages over reciprocating machines?

Since ths ks a new model that neg

; @ huge invesiment, can we expect a retumn? My interest is endlass,

The 8C type rotary engine attracts attention all over the world. Let's dig into this.

PHOTO: Hiroya YAMAGAMI
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World, this is 8 degrees Celsius.

The e-SKYACTIV R-EV had already exhibited its hybrid unit, but since it was a
cutaway model, we could not see any details of the engine. This time, for the first time,
| was able to see the whole thing. Let's introduce it from each direction.

TEXT:MFI PHOTO: Hiroya YAMAGAMI/MEI



When | saw the actual machine for the first time, it was
bigger than | expected. However, if you look closely, you
can see that this is because the auxiliary equipment is on top,
and that apart from that, it has a compact, cubic-ike bady.

This is a new rotary engine for Mazda, and | wonder
if it will be ""2" in terms of generation. The new machine,
named &°C, is an ambitious work that pursues thermal
efficiency, incorparating many of the SKYACTIV concepts
that hawve taken the world by surprise with its reciprocating
engine. Rotary engines are huge and flat, and the

maoving combustion chamber makes cooling loss difficult.

The previous view was that the 8C tends to be inferior in
thermal efficiency, but the 8C is a dedicated power genarator
for series hybrids (actually, DHE: the world's leading
hybrid engine for commercial vehicles, along with Nissan's
HR14DDe. It seems that the operating range has been
brought closer to the high efficiency point. As for combustion <
technology, Mazda's specialty MBD: Making full use of
model-based development, the complex behavior of RE
combustion is highly analyzed, and in combination with direct
injection technology, high-speed combustion is achieved.

The first model installed is MX-30. First among Mazda cars

Itis a car model that plays a sharp role, and is perfectly suited to

be the first in a series of HEVs thal use RE. Since it wall be mounted
on the same vehicle, the powertrain is horizontally mounted,
and unlike the previous 138, the 8°C is the first horizontally mounted
RE. Compared to 13B, which had two chambers, the
temperature of one chamber {singla rotor) was B’C._meaning that
one rotor, which is relatively large and heavy, rotates at high
speed, 80 it seems difficut to counteract wibrations. The layout is also
unigue in that the engine is mounted on the transmission side
(on the left side of the vehicle), unlike a normal horizontally

maunted powertrain

Mator Fan illustration 011



012

uipt shafl side

jection, it sppaar

arygard Freem e baed lomas

e catalyl eould Fiot Ba Confimied. & can B seee thal @ dierger is grovided  Ihe EcAnBCIoN 1 e ganeeai 1o SUppRgs Wbration

+(Battom) Exhaust manifold. An EGR diverter pipe was inslalled just before the flange that
connects ko the catalyst, EGR s refurned fo the intake pipe via 2 waler-conled e, (Right) lgnition
4. but BC had

ane. Will they use specially shaped spark plugs for RE? (Bottomn right) Direct injection area. The

coll and spark plug. REs up to 138 had two spark plugs, leading and trai

fuel rad s held in place by two bolts, snd the injector is located banaath it.




can sew from the bolt flange, ihe fywheel has

T A group of parts installed on the engine body. Tha small number of parts in RE can also be understood from this, As y

the batance 1. Fusl pumps far d

an eceeninic siruchin, | guess the unit vt tjsction recuire Migh pressure, ao they

Is suppressad by combining

rely an gear and o ives, Just like recp) g machings, The of pump is d chain on & separate shaf,

| This s auxiliary equipment, Reciprocating engines use EGR recirculation 1o reduce pumping bosses and achieve high efficiency

BC use EGR o lower (he mixlure lemperature? There was no speciic explanstion. The lubrication system is an integratad water-coolad oil coola

can 500 twe supply pipes exte am the il purmp body, Connect this to the top of the housing, in front of the fusl injector.

Mator Fan illustration 013
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A word that aways appears in explanations of
rotary engines is the trochoid curve. The original meaning
is “"the trajectory drawn by a single point fixed on the
circle when a circle rolls along an arbitrary curved path
without slipping”, and although the movement may
seem complicated, this curve... can be calculated
geometrically. By combining the outer and inner rotors to
precisely follow this curve, it is possible to create a
variable volume while sealing, and this has been used in

many applications such as oil pumps for a long time.

In other words, the trochoid curve is
not only used in rotary engines, but is
simply one of the trajectories generated by
rotational motion. It shows how a point far
from the center of a circle moves as it rotates.
The rotary engine is an internal combustion engine that
uses this trochoid curve. Unlike the general reciprocating
internal combustion engine that uses pistons, the rotary engine
was already developed in the late 16th century as a prime

mover that could extract circular mation directly as driving force

Beritrochoid curve with two nodes of Pankel type rotary

There was a time when what could be called the progenitor
of research appeared in literature, and many researchers
competed with various ideas. However, until 1957, when
German Dr. Felix Pankel completed the Pankel-type engine
using a triangular rotor, there was no example of this
being put into practical use.

Dr. Pankel researched and analyzed various rotary
engine proposals and created the optimal trochoid
shape. Oniginally, it was used to polish the airtight seals

of rotary valves and superchargers in aircraft engines.

The diagram balow shows how t create s rochaid curve, which Dr. Pankes ssam devisad ata Sma whan simuiation was not yet mature. Exiarmal gasr i e canfer

ks fixed and a rofor gear with invemal teeth ks engaged with it. If you combine e pen wilh an arm that matches the shape of the rotor and rotate it, s

The pan draws a cocoon-shaped trochoid curve. The trochoid chamber inside the housing is always dividad into three working chambers by a rotor.

s the wirking chamber rotates., it “moves” within the housing, inoreasing and decreasing its valume

trochoidal curve /‘ & Ecoarfricity
Sttt e el

R: Ganaration radus

]

b
"Extemal gear
{fixad)

¢ + Verytrochoid curve

What is a trochoidal curve?

Overview_02

A rotary engine generates power by eccentric rotation of a rotor inside a housing.

All of these operations are based on necessity derived from geometric calculations.
TEXT MFI FIGURE: MAZDA/Toshinao KUMAGAI

The cocoon-shaped line connecting the trajectory of the rotor's apex during this process is the irochoid curve. It looks Bxe a complicated movement



R = generation radius

& = accentricity

b = rotor housing width
A = Trochoid major axis length [2 (R'+e)]
B = Trochoid minor axis length [2 (R™-e)]

VH = stroke volume

VH = 33R'eb

Caloulating the dsplacement of a retary engine with a complex shaped working chamber

A5 menfionasd SEcwe, the Bochokdal unvs follows @ grometically Garhed constant, andalthaouph th fomula is complicaliad 3 shown in

e Tigprs abion, s UM 6 B PROC3S £AN ¥

rotor gear
fixed gear
am
Eceantricity Cultvation radius R
'
Eccaniricily (e} center of rotation

tha rotary angin i abtsinad by subiracting

TS o Fr s e o T e carms o fr oom s ko aion, s Mk cantar

e the 3pai. and th: oantricly i B yakas Fom e center of the e oondlc cind bothe: conter of roston. The &C rotan enging |s an al-

center of eccentric circle

ot 30 et Pl By oGty 080 e Ao MRS |G- s i I BT of B o ra L5 of prosdiaction and e

amcurt of resere The as been createa Eothak of & narmal recipr oo aling engine.

This can be said to be the result of making full use of
his extensive experience in conducting research. The air-
fuel mixture is combusted in the working chamber
formed between the housing and the triangular rotor, which
resembles a rice ball. This expansion prassure turns the
rotor and generates rotational force. The inner periphery
is required to have a trochoidal shape. Suppose
we put a triangular rotor in a perfectly circular housing.
Good moming. in this case, the volume of the working chamber changes even if & rotabes.
Even i the air-fuel mixdure & ignited, the pressure remains in the rotor
It iy warks in tha diresction of the hear and doas nol lesd e retationsl movament.
However, the trochoidal shaped housing and eccentricity
It is attached to the eccentric shaft that is the axis.
By combining the rotor with
The volume changes twice per rotation, resulting in inhalation,
Enablas tha intarral :Mnhusli:\'\.a'n;i:\a atnokes of comprassion, eeparaion, and exhaust.
becomes. The triangular rotor is offset inside the housing
Parforvs rotatcnal mosement, resulting in smooth aperation with a small rumber of pars.
Pankel type rotary engine realizes smooth driving.

Jin, the trochoid curve supports its operation.

8C type rotary
bertrochoid curve

T Bt oo g st s sy of 1 G urk
ng and rotor shapa. MX-30's
Body fame common to BEV modets
be able to be mounted on
T R e, chaioruc i oo o £ 0404 char e
RENESIS 13Bl installed

T o e i . croam b B o P i
et 120mm. The amaurt of eocenfricity &
AL175mm, heseam zeo based

Ths vk e ch T i ar o,

"
T P ———
Pl o g, st s s s 1A
This led to rapid development What ks
Mo, ather techrical factnss are sigrificanty
Since it is evolving, | call it °"C”
Trere k. Dsplacarent siars from 654cc for 138

B30ce (RX-8 ks 2row

Time = 240.01[deg]
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New
generasan rotary!

13B and 8C, old and new comparison

The previous model 138 was a veteran unit that followed the basic design from Mazda's first REM0A model, Since
then, the BC type has been introduced with all new features. | was blessed with the opportunity to see bath of

therm together. Let's take a look at the differences between the two REs, which have a small number

of paris and appear o ba similar in shape. TEXT: Kota SERA PHOTO: Hiroya YAMAGAMI

srec 1| 8C-PH

Type: Wankal type rofor Masimem culpal: SIWHSD0mM |
Disglacement: B30eex1 Maximum forqua: 112MNm4500mm
C {eccentricity): 17 .5mm Fual supgiy systam: Direct injectian
R (creation radies): 120.0mm Intake port ypedotal number: side beat/2

b value (housing width): Témm Exhaust port typedotal number: Side part/2

SPEC 13B-MSP high power version

Format Wankal type 2 rotar
Diisplacement. 654 ccx 2

E (eccantricity): 15.0mm

R (creation radies): 105.0mm

b value {housing width): 8dmm

Compresson rab
Mairmuem output:: 184&WE500rpm
Madmum torgue: 246Nm/SS00rpm
Fusl supply davice: port njection
Intake port typefiotal number: Side portid
Exhaust port type'total number: Side bost!2

Herizontal single and vertical 2 rotors

The 8C is & herizonlally mounbed single rator, and the phato shows | mawnted In a car
aiasinadd T thi vsar, Thaare i psca For 8 12 ballry on the lop left side, Designed b be slim
despie mountng resticions in the width direction. The generstor s located on the right
side. The main diffsrence from the 138 is that & usss an EGR cooler mountsd on the o)

‘What you can see in tha middia row on the keft sida |5 the waler pipe. The Intake and

el syt 8 kacalid o the Tronl, wit e ashaust pipe il paeking oul i the ka, The 136,

#hapredaceszar of tha 80, had a two-ratar verSical layout. The right side & e rer of

e i,
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rotor

The rotor flanks, which ara 76mm
thick for the 8C and 80mm thick

for the 13B, are coated with carbon
o prevent soot from peeld ng off. To
pravent it from getting caught in the
seal. In the era of 12B, it was not
poasible bo cost the apes saal, but dus

to technological advances, the 8C
can now coat the apex saal up o

the very edge. The BC rolor recess Is

ioward 1

this is to start and finish combustion
quickly. 138 has a symmetrical recess

located in the center,

4 The BC rolor is on the left, and the 138 rotor

is o tha righe, Wi - sicke by

sicke: 0w an Cleary 5o the difrence insize and
undierstand that the: Irflsence of rtationad balance.

6 R more savers. Tha reeasans on 1he sides. of

tha hrae verkizess of W retor wien el 1o balans

the ralation [ee POE2 for del

From e lop: side seal, comer seal, apex seal. Tha one an the 6 is for 138, and the one an tha right ts for

BC. The comer seal diameler of 5C & the same as 138, bul the widih of the apex seal (2.0mm for 138, Z8mm

Far BC) is diflerent. The springs that hold the comer seals in place seem io be the same.

eccentric shaft

The eccenine shaft (culput shaf), which is the crankshaft of a reciprocating engine, s made of the same material, Thae uppar temperaturg is 87,

he lawer temperature is 1 38°C, and the particulady Bick part is the rotor joumal. I line wilh e shift from two rolors b & singls rakor, wa redeward

an inberme:

thes spray angle of e oil jat used to coal tha retar, In the case of a 2-rotar, there housing, so there was relatively much Ireedom

in selecting ihe hole posilion, but wilh the 8C, posilioning was difficull, so we had to find an angle somehow.

An od passage s provided inside the shaft to lubricate the bearings and the inside of the rotor. 13th is front side and rear

i was fiowing from the side, but the 8C only flows from te front side, The bales on the side of tha joumal ane for remaving waight and bakancing

Mator Fan illustration 017
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BC's front side housing is localed an the lar left side when mounted on the vehicle. If we assume that the thres pins visible at the
top are the same idea a3 the SKYACTIY enging, ey will serve as locators when assembling o the vehicks bady. Langer pins allow Bster

, allowing corm, around the in to be mounted closer tagether without interfering with the powertrain

N
Front housing

front housing

s yes can infier freen the rolor comparisan phota on the grevicus page, te size of the side housing is alss proporsianal fo the rotar siza, BC & much
Trigar, Th byl diMarance othar than devansons is M mateesl, B 1300 5 sl e whils the BC s shummum. The weighl i saniicanlly rdussd

urht by iy diflreent matarias, st 1V eige i i 10 1k 1 rareow molor Foam. The port ciies Sl B verbcsly shapad 10 @raurd i fow path




% is not simiar in shapa o 136, and the cooling walerways have

been revmed. 138 has port injecion, wiils 5 bas it injection,
a0 the irjector hole i kcated near the cantar of 1ha housing
‘You daril wart i make the hoke (g bg because e apes seal wil

s nicugh & during s cospreasion sidk.

E

|

Rotor housing

rotor housing

The 138 has two spark plugs, Iocated on the trailng side and
Beading side on the right side. BC has one and is lncated
almast in tha center, In arder i make tha plig nois smalkr,
the diameier of the plug instalation screw was M12 on the

B, commpsne i M14 gn tha 131h,

T trus wilkss of the 3kde housing i 1ha cAMAL spraed an the rotor siding sudacs (3ee pege 033 far
details). It is also appied bo the R268 of the Mazda TATE, which won the 1881 Le Mans 24 Hours.
Thar engineer in cherge says et it & "eaneeciad™ with the ichnolagy of e tima. Tha duratilly and

production technokogy requined for single-plece production for rmdng and mass production are diferent, The

b bt s oF I "abke® & el off 42 Smom e sk Bow acsnding b he retalaton

o

Rear housing

rear housing

NS

The center of the cast iron side housing is treated with gas nitrocarburizing to ensura |
durability. Arolher faature of the 138 & (hal il has an ausiliary porl in addition (o the main

port for intake {rotor rotales dlockwise). While the 138 was aimed al high aulput, the 8C is

aimed al high efficiency. The shape of the intake and exhausi poris, which correspond fo

thi valve liming and I of & reciprocating angine, At the different aims.

Metor Fan illustration 019



8C structure, thorough dissection

Dimension | Zero-based design

issue | want to increase the thermal efficiency of RE

Reciprocating ICEs in which the piston
moves up and down have specifications
called S/V ratio and stroke/bore ratio,
It is piston stroke length + cylinder
diameter, and If it exceeds 1, it s a lang
stroke ICE where the stroke is larger than
the bore. This number also affects the
inner surface area of the cylinder, and the
smaller the surface area, the lower the

wooling kss, so designens shoukd congider

Sedect the S/ ratio that matches the ICE. As
shaown in the graph on the right, we set the 5/
W ratic at just under 3.9, which Is closer to
the lomg stroke side than the conventionsl B-
dimansicn RE. and al the sama tme. the S/ ratia
was set at the limit without detericrating
fuel efficiency due bo mechanical resistance,
This i Ik firsl dimengion change since RE was
o, The aim s to improve BSFC (net fuel

rtia), which means impraved fusl efficiency.

[umn/8] D4s8

25 glkWh

.+ B dimension

i -
C dimension

paads jesayduad jeas xany

o]

= BSFC =

P 25 3 35 445
S/V ratio @TDC[/em]
B dimension
(13B)
C dimension

(BC)

55

Apex seal Velo.

275 (+35)

Selection of selution C dimensions

In i

s (s e

g the lirmit




B represents the displacement of approximatety 800ce, and C represents the dimension (shape) of the trochodd curve, 138
means a dimension B lype with a displacement of 1.3 liters, and 12A means a dimension A type with a displacement of 1.2 liters.
Thig is the first tme that the C type trochosdsl curve has been adopted, and it is a newly designed RE thal has changed balh the bore and siroke:

TEXT:MF| PHOTO: Shigeo MAKINO/ MF| FIGURE:Mazda

DI : Fast combustion

issue RE's unique way of burning

burns quickly
Compared to moiprocating ICEs, REs have a flat combustion chamber, so the
combustion fiame spreads more slowly after the plug ignites. This is part of the
reason why it is said that RE_s run smoothly, but have poor fuel efficiency, Therefore,
we made the combuston start-up as fast as that of Skyactiv G, and created a
comibuston chambar shape that smoathes aut the sacondary combiustion charactaristic

af RE that occurs during the subseguent expansion stroke.

v ki e o RE) & Maia

GCAldeg. ATDG) g A
cambusdion: Cambusdinn by fow in the combustion charmb e (common o GE)

o by complax changas in the shape of the combusion chamber

v

Cambuston by (sqush flow during expansian strake) {specific io RE)

@Lale combuslion: Combustion biward he unburmed area [quench 2one] (commen 1o GE)

e =30 e ""‘-..___"Lr.=ﬂ"[h| =

T
S

hils being

Temporary pratotype Mid-term (20deg.aTDC)
- — = mreTEr

burns guickly

CA, [ 3T :0Y

Solution 2 Innovative combustion chamber shape

uous and coemp

paiired it the hanging RE
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DI : Injection & lubrication

| Fugl injecton and lubrication

issue
Wall wet measures

To lubricate the rotor and housing, the RE
has a MOP {metalling oil pump} injection
hole in the combustion chamber that sprays
oil into the housing, and the apex seal on
the rotor side carries the oil. However, in
the 8C, where the fuel supply is DI (direct
injection), the oil is partially washed away by
the injected fuel. The schematic diagram
below shows this pattern. Amaong the oil
sprays (orange) coming out of the three
MO holes, the oil sprayed from the central
MO hole collides with the fuel at the fuel
DI hale, and as the rotor rotates, an oil film
is formed. The apex seal will pass through
the cut part.

intake port

=
S
N

P

#
¥
aide
g
housing

MO hole

Colision ca

1s0dl by D4 spray

exhaust part

direct injection system

Left: A fuel pump that operates
by recaiving power from the

rilation of an eccenlnic shatl using
gears. Find the injection timing
wsing the duna you see rext ko
It, The fual injection pressure is

similar o that of a typical gasalne

et injection ICE.

Right: Direct injection injector and
ral mountad on tha rotar housing,
Al iha begining of devalopmant, e
fuel pressure was increased and muli-
slage injection was appliad, bul st
alne 8k noi sosm o S0k o prothen
The final specification was &
maomum pressuee of K_Yﬂ:’l"rl:e_

Injections




DI spray range

Utilizing solution MBD

for MO hola p
nditions that would not
Inita inder. The
i he mght. The ol

dithre

with the fued. T

conversaly, MBD

Ol bl

=l

Crank angle20

oslofes
position™

DI hole
intake port '\ exhaust port

abues feuds g

———————  Stratification of mixture

The fuel injected inlo the cylinder mixes with ai b farm an air-fuel

ixiure thal colkects near the spark plug. The ignited micure then
Ignitien device located on the side of the rotor housing. Unlike previous RES. there

s ondy ane brag. With the intraduction of EGR, It appears that the ignition energy
s boen shightly incressed 1o improve ignition perfarmance.

Becames & a2 combustion ams hal spresds. Snce tha ek
divided fual is suffickenty vapanzed aven at law lemparatures, the

avmourtl of haal injection can ba reduced.

Motor Fan ilustated 023



issue 1 Aluminum side housing

As the rotor rotates, three side seals on
each side slide on the side housing
surface. Although it uses lubricating oil, it
has been said that only a steel housing
with a hardened surface treated with nitriding

Therefore, we decided 1o maka the side housing
aluminum, and by adopting a mathod of bombarding tha
soft aluminum surface with molten (ceramic)
powder at hagh temperatures, we were able 1o meet the

requirements of mass production, including cost, and

Weight reduction

can withstand the heat. Lighter at 8°C adhesion strength,

= gI o

¥: HE ¥

- i1

i i PSR CLIE

g

s = =

ES a we |
{ i

LE

{ i | =
£ = &

o Ld

& | ’

& patich waliely S s o i

10f various 1 wg metheds for carbide cermet tharmal spraying (features, film characlerisiics)
frii e input energy
Bl 4 2 2
fast frame comtRion g ? 4 4 —mm=a

e 1 4 4

are 4 cemmet  ssmi mtmeicabie
Blasma 5 3 3

1:Poor 2:Average 3:Gooc 4:Excellent s e eyt bl =y

Arc spraying has
@ siow parice spend,
and undercutting
the base

L —
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issue 2

High durability of rotor housing

The sliding surface of the rotor housing where the apex seal comes into
contact is the most difficult to prevent wear, In the past, | was worried
about scratches called chatter marks. The solution 1o this problem was & new

apex aeal, but with the BC, we tried high-speed plating to improve productivity.

This produced a by-product, resulting in a low-friction plated surface.
As a resull, a sufficient oil film was formed even with a small amount of

bubricant, and shiding friction resistance was also reduced.

MCP: Microchannel bolus PP: Pinpoint bolus

Trochoed va AS alding charactenstics image

E solution High speed plating method
o A :

M Comvertinr plating (MR
o ——— -

Foretrans of into small cracks High amcunt Plateau surface + o pocket

of ol required

-

Ol fim formation | \
with less oil - High spassd pl g (9

‘St et ¢

v

<Friction avaluation uging pin-on disc>

Abose: Tha rotor weight |5 biased Ike this in airianguiar shape.

fun o, e B o 1) g s T

Sca s e, B can b s clavea £ rwni

tstarca = waighi ¥ ury .

can. The measunement accurmcy & mproved o 0.001 grams

eraping | parforrmesd ul @ ctain kvl

issue 1 Solve rotor vibration

In the conventional 2-rotor RE, the rotors rotate in opposite phases o each other, so

rofational vibeations are suppressed 1o an exremely low level. However, the BC has one robor,

and when this heavy object rolates, it produces vibrations. Therefore, balance weight etc.
1 am using & as a countermeasure. In addfon. regarding exhaust nalse, the intake port and inkake pipe

The deterioration was prevented by rolling treatment and long tail pipes.

Baiow: Balaras with half & weight aifached o ihe end of he shat
weight. The detais are urknown, bul e rotor rotaion

The meost comman wey 15 Sa5 £ 8 4 rotesa 1 n e opponts Sressen bs

i acklifion, e Sywhed part has a sping-kaded bumper.

bar is used.

It cones alive. Therefore, the rotor is carefully machined and

o be optimal
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e-SKYACTIV R-EV

Generator-EV option

The redary engine, which had a strong image of being compact and high-parformance, was used exclusively far
power generation, Mazda defines the e-SKYACTIV R-EV as an unprecedented new electric vehicle

that combines the strengths of EV and series hybrids and expands its usage as an EV.

TEXT:MFi PHOTO&FIGURE:Maada - MFi

Ausiliary equiprment such as control invarters

Thas ervgive b & sl i ity aficts e Brformance o Skscri vehiclss
Barters are not only highty efficient, but alse smaller.

Hocused on i Adoping FEW for aluminum bonding hechnciogy, eic

12 T tha s s sl e a1 e 5 o ha ke v,

Drive motor generator

An AC gynchvonous maar with
specifications of rated voltage
355V, rated output 60.0KW,
maximum output 125K/
SMmm, and maxmum forgque
260NmMI0-4481rpm drives
the front tires. The phato abowe
was taken from the front of the

wehide

Thisa s sl @ higih-ourpet ganamios
that has been made thinner.

It Iz laid ot comxally with the
rotary engine on the right and

genenates eleciicty. § can be sesn

that the drive motor, which is

Incatad an the left side, and the

redusiion gesr 2 riged

partucty

e-SKYACTIV R-EV powertrain

In arder ta keap tha vehica price down, it was necassary ba design it 5o that it could be mounied on e same

body frame as the BEYW MX-30, rather than using a PHEV-specific platform. In order o achieve the

targe! output of @ drive mator of 125KW undsr these cenditions, it would be impossible o use 3 S-cyinder or

aven & J-cylinder angine dus to e averal langlh af Me erging. Tharelars, it wag decided o install 8 one- Power train

rodor thin rotary engine. The powertrain of Nissan e-POWER, which is the same senes hybrid, is a 3-cylindar

In order 1o mount the enging, the matorigenarator s p:aced im the frant and rear.
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Mazda demonstrated the value of the e-SKYACTIV
R-EV by taking advantage of the compactness of the
rotary engine, allowing the engine, generator, and high-
output motor to be mounted on the same body frame
as the BEV model. The company aims to provide
customers with the following three benefits. First, it can
be used as a BEV on a regular basis, and the rotary
engine generates electricity for long-distance travel. The
second is a pure and comfortable driving experience
powered by a motor. Finally, it has charging and power
supply performance that supports a variety of lifestyles.

The compact electric drive unit of the rotary
engine first needed to be miniaturized. By placing
the motor, generator, and reduction gear on the

same axis as the engine, the electric drive unit

On-board charger

71 fuel tank

Drive battery

It becomes possible to integrate and unify the
functions, This creates a huge advantage in miniaturization.
The design and production technigues for the
engine itself are explained on other pages, but efforts to
miniaturize the powertrain are wide-ranging in other
areas as well.

The motor and generator are oil-cooled, but the
lubrication structura has been thoroughly reviewead. We pursued

a homogeneous oil flow in a narrow space for both
CAE and visualization, and we also pursued a thinner
design for this part. Inverters, converters, junction
boxes, etc. have been made smaller by eliminating bolts in
the water-coaling seals. Additionally, FSW (friction stir
welding) is used to join the aluminum, which again keeps

tha size down.

Catch up on the current mechanisms. OF course, normal charging
Gan be used, bt rapsd changing according to the GHADeMO standard

has improved battery temperatere management and increased efficiency,
Furthermore, W21 (Vehicle 1o Load), which supplies power 1o home
applances and other devices from the 17 8kWh large-capacity battery
nstaled in the vehicke, provides an AG power source that can handle up

1o 1500W in the luggage compantment. Furthermaore, if youuse a portable
external power supply (sold separately), you can supply up to 45000
of power. Of course, it is also compatibse with V2H (Vehicla 1o Home),
which supplies alactricity to the homa via a charging/discharging unit.
In addition to using alectricity to move the vehicle, it can ba chargad
at night when electricity prices are low, and the vehicke can be used 1o
aupply household elactricity during the day 1o save on electricity bills,

and in the event of a power oulage, it can be used for long periods of time

in conjunction with engine power ganaration. emergency power and

Itis also envisaged that it will be used as

All drives are motors

The engine only generates slectricty and does not drive the tires. Honda &: HEW or Mitsublshi Outlander
PHEV has a cuich mechanism that directy connects (he engine and drive shall, and the engine runs in the

et sficient range, but R-EV is apure series fpe vabicle, smilar i Nesan e-POWER

Fusl filer poet (164t side of vahicle) Womaliquick charging port (right side of vahicle)

Battery Charging Sme
odel Chargi power
z total power 5 S SOC0=x100%
kW sy 3houm e [
MNormal (AC)
MX-30 17.8kWh o [ T
Rotary-EV
Rapid {DC) 40KW or mora (e
Marmal (AC) Ik ooy Sheum e
MX-30
35.5kWh BkW [
EV
Rapid (DC) Masimum S08W e i
Charging 5, REV and EV o

Thiane i & changing port on the fght sk of tha: wehicke, with 3 CHAGG)

3t charging port nd a negular changiing por ki by sice, nd & dhangingindicator o the 1id

A lakel s adftached thak indicabes what the ligh on themoniba ind cates. The tableabovels a comparkonwith the EV madel. bt I may vary dependrng onthe cable used

Tha charging tima varias.
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Drive battery for R-EV model .

Drive battery

Commaonality and diffarentiation with EV models

The flexible fine that mixes a wide variety of products can be said to be the hallmark of Mazda's production
technology, and the same is true for drive batteries, We are focusing on minimizing the dedicated parts for each model on the
line, such as by standardizing batterles and assembly pallets for EV models, to improve efficiency and reduce costs

TEXT:MFi PHOTORFIGURE Mazda

A production scane of the battery assembly line at Mazda's head office factory in the Ujina area. In this

The process of installing & battery pack with a fuel tank attached o the MX-30 R-EV model. After this,
photo, battery packs are placed one after another on the battery pack frame transported by an AGV, behind different powertrains such as BEY, PHEV, and ICE will be installed, but the installation process and equipment will be

the person. After thig, the same worker attaches bolts, small pars, and the top cover, befiore moving on to the the same for all wnits, and in onder to minimize dedicated pans, onty the 2

achrment jig will be replaced. ing. Various

naxt step, which i attaching the fuel tank wehlcle models and powerrains can be produced on the same line.



& Tha fusl tank of the MX-30 Rotary-EV with a capacity

af 50 liters. | arder ko achieve balh batlery capacity
0 @nsure cruising range and tank capacity 1o achisve

redisble long-distance performance in an EV modal that

s at the fop of tha PHEV class, we manmized space
afficiency by mstaling both at the same time, ificaton

After rewienwing e lmyout of the batiery control parts, we

©ON sEE Many MpnoveMents sch a3 making effecive ume

of B apmcu srebur e sesta

+ Body skeleton of (ha MX-30 EV model. The ballary cage i designad wilh be assumption thal il will be used
a5 part of an anralar srucsurs, ard e frama and body et make up the cass are fimmly connectad at 20 pens

‘around the cirsumference of the case, wih ooss members connecting e left and right skies piaced inside e caso,

Thars 5. By controling the rigidity of this battery case festanar, rad noise and vibrbon ara Aso sUpEsSad

1 Battery pack for MXC-30 EV model, The silver péping is a thin heat
mwchanger mads of redrigerant tubes that is in conmact with the pack, and cools the
battery as the femperaturs rmes, kaeping e mmpamiume witin an appropnate
range and preventing deteroration due to heat, In the battery pack for
the MX-30 Rolary EV, the fusl Lank is phaced instead of the ballery in the

W

d part on he right side.

Linderbady af MX-20 EV model, The body incomars

thinking, with increased rigidity and energy ransmission efficiency
Based an a siraght frame and annular siructure. The Sacus is on the rear

trailing asm mounting area, which has also been strengthened with an

cture 1o sgificantly reduce transm

annulz sice Salay, aiming for mare

peacisn and enjoyable Panding staisty
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MNew
gernemion ratary!

Light, strong, and precise. 8C manufacturing site

B i thin. T cefput shalt dection gives the ifprssion

single rotor RE

ks b | v s B b, o ol s 1.8 |, swbich (s ot s e s For ceivirg o0 PHEY, bt whad il hagn?

In 2012, Mazda ended production of the RX-8. The Type
13B RE (rotary engine) it was equipped with continued to be
produced on a small scale for repair purposes. The author
first covered the RE production line In Movember 1986, and
last reported on it in April 2008. In October of the previous
year, Mazda exhibited the 16X, the prototype of the next-
generation RE, at the 40th Tokyo Motor Show. | applied for an
interview on the RE production line partly because of these
aexpeciations, but the 16X plan was put on hold due to the global
recession triggered by the bankruptcy of Lehman Brothers

Securities in September 2008, the so-called Lehman Shock.

et o a o

The rotor and rotor housing, which touch each other at 3 points, ara finished to the design precision. Mazda,

theme. The manufacturing process for the new 8C model is truly "SKYACTIV RE.”
TEXT: Shigeo MAKINO PHOTO: Hiroya YAMAGANMI/ Shigeo Makino

procaiing ICE. e sight skde i e sick that mil ba cosmmecied b

tied.

However, when | visited the RE manufacturing site
in 2023, the scenery from 2008 remained almost the same.
The 8C type, which has a "long stroke” like a modermn
ICE (internal combustion engine), is an enlarged version
of the previous 13B type and transformed into a single
cylinder (single rotor), so the production line was basically
Can be diverted. In addition, | thought that the
various methods introduced with the start of production of
the newly developed SkyActive IGE group would be applied

to the 8C. That prediction was correct, and Mazda will

the only company in the world to have completed and mass-produced the RE as a practical ICE, has always pursued this

e cplincier. 5 1K Vwin cyincer. The belbarivan audiany ecuipment & o

The production technology was infroduced after considering it in a Mazda-
[p—

Manufacturing ICEs invodves performing precision machining
such as “shaving” and “drilling™ on metal, and then assembling
them with high precision, exactly to the design values.
Accuracy is now at the kevel of 1 micren (0.0017mm). Otherwise,
the targeted thermal efficiency will not be achieved. As highly
accurate combustion analysis became possible and the state
of combustion could be visualized, ICE manufacturing began
1o pursue even stricter precision,

RE is especially difficult. With reciprocating ICE,



Thosugely g & gerseabprerpse maching

A machining Saon Cariats of & i of & B 0Bt g @ genenak PUTpos machining conter. Thas platbem on which the whits tray

I placed in the lower right cormer b abalfery-powsned AGV for ausaralic

mactined] on 3 jig inside e processing machine. and while & iz 5o, 2 contact sensor and camera measurs the position (ketiom right),

and machiringis perfomad based on the poslion daka You can alio dookher asks by repl adng e jig (botbom)

The stone moves up and down, converting the work

of combustion into rotation. The piston and cylinder
are in contact with each other through the piston
ring/oil ring and oil film, and are not in direct contact
with each other. Floating. In RE, a rotor-corresponding
to the piston rotates within a rotor housing
corresponding to the cylinder. It rotates while floating
through a seal and il film that correspond to piston rings.
The rotor, which is large and heavy, rotates in a
floating state

Moreover, the total length of the seal is

The okt ssts e (prodict bo b

It's not compared to stone ring. Tightly sealed and sealed to

prevent leakage of working gas (air + fuel) and combusted

gas, converting combustion energy into rotational power,

On the other hand, if the sealing material is selecied incorrectly,
the housing may be left with minute "scratches." This

was extremely difficult, so OEMs (autemobile manufacturers)

other than Mazda discontinued RE development.

This is Madda who solved the sticker problem with tenacity.
Wiia ware abke to pul infury RE o practical use.

The RE encountered new manufacturing equipment.

The idea is as strong as the series of Skyactiv ICEs,

Itis light, precise, and cheap. By using a general-purpose

machining center instead of a dedicated machine to change
attachments, and using sensing technology such as contact sensors
and camera-based image processing, positivning accuracy during
machining can be maintained at an extremely high level, reducing
the number of processes and saving energy. and minimize
operator errars. With reciprocating Skyactiv ICE, data at the
time of manufacture and data at the time of vehicle inspection
are compared, and the processing conditions for the most fusal-
efficient ICE number are fed back to the manufacturing site, and

this process will naturally be carried over to RE.

Mator Fan illustration 031
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Iron rotor is gravity cast

Tha thrus bakr

oz 1 zanbg

rckd, Thes saned r

1 i dedmaticaly mokdéd

the: pore {lower right) 1= fixed I the ouser size maid (upper iefi} and

rwa of 3 prcn.

n

Eslanead, Far fia 13

50w o o e

fully

incieasng ALeuTALy iy 55

Rotor processing machine in 2008
3 piece casting

In g'an’ll,' CES‘II’\Q. medten rnelta- s
aliawad o fall frealy from abowe the
mald. Twa rows of three rators
ara cast al once. This is a vestge of
the wi-ralor systen. Molten melsl
has reached areas offier than the core
naide the rotor. Although it looks |

rerugh, i1 5 & procision casting

Ruotor processang machine in 2023

i confrast 1o the photn on the leh, sach pros is processed one by one usng a genersl-purposs machining cemer. /& robot arm quickly and carefuly caries the

prockct, Bk i 60 @ i ieide tha maz

ring cxnlir, And whin e 000 Closes, prOCEsEIng b ing Aukmaticaly sakectid ools.




Rators larger than the 13B type have sand as before.

Itis made by gravity casting by pouring malten steel inlo a mald
that has been solidified. The housings are also made using
Madda's unique APMC construction method, which uses sand
molds. Mazda was introduced to Cosworth casting during
its partnership with Ford, and used sand molds to make the
Coswaorth DFY racing englne. This technology has been refined
and evolved into SkyActive ICE, which is now used at 8°C.
Model-based development (MBD) was used to cast the aluminum
side housing, and an analysis of the ideal method of pouring
moften aluminum into the sand mold was performed

As mentioned above, the rotor cutting process is performed
by a general-purpese machining center. The method we saw in
2008 is guite different, with the 50 steps at that time being
reduced 1o 9. If the number of processes is reduced, the number of
times the rotor must be set in a proce ssing machine, removed,
and than sat in anothar procassing machine is reduced, which
raducas tha risk of accuracy deteroration. Tha rotor is set inside

a ganaral-purposae machining canter. Fixad in a pracisa position,

Machining is carried out by a robot arm linked to an
ATC (auto tool changer) that automatically
selects several tools.

Although the rotor, rotor housing, and two left and
right side housings are machined by separate machining
centers, they are the same machine. By replacing the jig and
tool, the same machine can perform the same task. The
jig mounting structure and standards are also the same.
This technology was established in the manufacturing
process design of SkyActive ICE.

A process that did not exist in the 138 era was thermal
spraying on the side housing, Up to the 138, the surface of the cast
iron side housing was processed using a process called gas
nitracarburizing. The §C Is a Nghtwedght aluminum side housing,
and malten cermel powder is sprayed at ultra-high speeds of
Mach 2 onto the inner surface of the housing, which is in
contact with the six side seals on both sides of the rotor, o create
a durable film.

The parts completed in this way are carefully machined.

Surface treatmant of aluminum sida housing

The It and abowe i e 13 bpe ion side housing. Al ihecasing sufacels
maachinan Mt & IS Sub eche b0 0 iy oot Tng Ieatmant. Abcve. i the center, 1S
el SaSC 2t hami Pl S 06 Rousing with s Surface POl sheed afar baing remmcwed
Hrom e ok, Typieally, akaminum, ICE aylinoer blocks and oyinder heats ane mase
By highpressune casting. |n whic hmaolben 3l Lminum s injected into & durabie

i skl o g prassstira. Mz bbbl shd s AP sl i hich e
ST poured into @ Sand modd and the moiten Mot & GETbud swenly

i in tha snd mokd usng grnty cesding, @ sight peh, and @ halbrokiion of hae el

snd mad. Alhough it takes mare Sme to manuiachre, e metal stucture
o corraes e st oyt i, i & s 1 ko s risdact Ui, b U

Wl COmmat pow o i bombansed onko e suface of the s housing mandactresd
wsingg the AP MG mathed at High spesscs of Mach 2 or higher, compreasing it i

thet i s faxse andbuliding astroeg lyer. Sinos it s sprayed wih cambusion

38 at several housand degress Calshs, e carmat hits he akaminum

" asem
meckien Stats, creating & curabls curtain Maturally, the aluminumimatenal |s deformed
Bt by desising cogiing methods aler sprrying, ©1e prodad dimensions and

syt ks e e chd e

Processed. The rotor, in particular, requires extremely
high precision. Since it is a rotating body, if there
is an imbalance in its weight, it will move
eccentrically. Processing is required lo minimize this. The
unbalance is measured by rotating the rotor at a
constant rate, and the data is sent to the server. The rotor
set on the machining center is zero-peointed using
a high-precision touch sensor, and the rotor cuts a
groove of the specified depth based on server data.
Machining on the fop and botlom surlaces of the

[part {ner). Al unbalance measurement data becomes a composite
balance at the three corners of the rotor, and is input to the
machining center as instructions for which corner to cut and by how
much, This is a composite balance with a 120 degree phase, The amount
to be removed is in grams, but the amount of removal itself is the
depth, so it is given as a coordinate instruction for the depth 1o be
removed. The amount to be shawed here is specified in units of 0.001
grams. By carving both sides of the rofor, unbalance in the thrust

direction is also elimnated.
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Installing seals

Firsl, altach apex seals o tha vartical surfacas of tha e comars
when the rotor s laid down, Compared to the 138 model,
the BC modal has a thicker rotor, so tha apex seal is konger, On
the biack side, here am twa Brge and small arc-shaped spings. A
qwing i usad b press e e seal 20 St tha mior and housing

are ahways in contact with each other through the ol fim, but if
you pres= faa hard, § wil cause siding msistancs between ifand the

rotor housing. Check to see if it is proparly seated in place by

prassing it with your fingertip, The skilled artisans involved in this
process sol the stickers ag designed uging just the touch of their
finartips, e saen fis scene many Smes, and even if REs changs
genarations, the fact remairs that they are handmads. Similary, the

cormer seals and side seals are assembled by hand with

nos
placed undemeath, Adfter checking the candition of each ssal, the nalor

5 Sant 1o tha procass of baing 56t in the housing.

Comparing 2008 and 2023

Tha phalo betow, takan in 2008, shows the seal assembly siaton for Modal 138, The ane an

Il i the

2023 BC madel. The tings | kespard the tings | uss remain amast e same. However, compared fa
befame 2000, e gloves wom by afsans am diferent Inthe past he was definitely a miltary man. Urifarms

e Ms0 bacome cocker (in fAct, JARANSS CoMpOrats MANAEATs ars ot awars that this is an important facor)

T T e ——
n V=TT -
B CTH LA TR R LA
3

This small part is the key to RE.

Apax saals and arcuate leaf Seals are aitght parts. This compcnent malntains a high lavel of artighiness

=ings it int free comers

y

B pravent comuslion gas pressr oM SScaping and gas from mixing Esbwaan

wtrokes. The phalo was taken with 3 shadow 1o make il essier io see the shape

of the spring. There is a jagged apring {3eal spring) under the longest
commes seal. Mazda's know-how s in the numbar of maurtains and the slops
al the maurilains and valiays. The apex seal is pressed against the innar
cimumisrental sudace of te housing by an arc-shaped seal sping. and at e
ARG BT i Sways prassid agunst ong Skt of tha scal by the gas prossure of e

3 pisces per aide ¥ 2, baial € comtxstion gas. Tha aitighinass of S anea whare the ape: seal and side seal
wa side seals and maat is achisved by praviding elasticity o the comer seal. The phole below

jagged leaf apring

i5 @ compartsan of the apex seals of the 13t type (bop) and 8C Lype {bollom).
The material remains the same, but the size and thickness have changed. In
e past, Marda's RE development Ssam was roubled by e appearance of

chatier marks, the soraiches caused by the apss s=al somping the nner croumisrential

surface of the rotor kowsing. Even MSL, the originator of Wankel-type

RE, was unable 1 saive hhis prablem

The core thal suggans the apex seal

Nasir and desc sprngs




final assembly line

The acene of workers working on hanging hangers has not changed from 2008. The photo balow
shows a 2-rolor RENESIS 138 RE with e front rotor assembled and e eccentric shafl instalied.
The rearrator is aftached here. On the dght & e ourent single ratar §'C. On e bofiam lefl, exerior

parts are being assembled after leaving the dean roam. All e necessary parts are made inta a ki, and e
aperater takes the pars in omder and assembles fhem, staring fom e for. RE canda this bacauss @

hax fewer parts. The kit include = fe required rumber of bats. On the day of Fis interview, ane Model

BC was baing maruiaciured every 7.8 minues. A wark operaor rams 78 minues worth of work. This

k3 quite difficult, 50 we will guide you Trough the comrect stepa using he task navigation. When you

arrive al fie process, work instrucions will appear an the monitor sceen jas everyone remembers).

One section of the production line is a clean room

that is kept under moderate pressure to prevent dust
from entering from the outside. During this process,
seals are assembled to the rotor, and the rotor and
eccentric shaft (crankshatt in reciprocating ICE)

are attached to the rotor housing. Compared to the
photo taken in 2008, not much has changed. Because
the dimensions of the rotor have changed, the jig used

to secure the rotor during work has changed. Seals

The dim: ieror. However, the i3 the same.
When the Type 8C leaves the clean room, the

combustion chamber surrounded by the housing is sealad.

The sight of the pieces being assembled on hangers is the

same as in 2008, But the parts have changed. The 8C

type has direct injection in the cylinder, so the fuel pump

is on the engine side. There is a gear at the end of the
eccentric shaft that rotates the fuel pump and uses a chain
to control its movement. Image processing using a
camera was intreduced in order to assemble the engine so
that the timing of combustion and the timing of fuel
pressure rise could be matched

This means that accuracy and operation are guaranteed
by the production system, rather than by the operator.

This is the most significant change at the manufacturing

site. Checks and records are performed at each

important process, and only passing products are sent to the

next process. Rather than testing at the end, we accumulate
OKs. The production system manages this flow and
guarantees the product. Mazda also utilizes MBD in the area

of production technology.

Thane was this wiling onthe wall insid the factory. FE procducion began at this looatio in 1574, In fat, it was

49 years agn Mext year will b the S06h annkersary of this produdion line: Continualion is power.. Al the same:

Ui, s b o el .

Finally, all units are cold tested (electronic).
(use a motor). most efficient
Measure Intake pressure (negative pressure), lubrcant pumping force,
rotafonal resistancs, sound vitration, and compression pressure at e power
generation rofation speed of 2300 rpm. Mext, we measured at 1200 rpm
which has a kot of assumed data for the RENESIS 13B type. Furthermore,
at the very end, a hot West was performed by illing the engine with
fuel, igniting It, and operating the ICE &t 250 rpm. If It passes the test, the
&€ will be sent 1o the vehide production kne where it wil be assembled
nto an electric motor and reduction qear.
The single rotor RE, an improved version of the 16X model,
saw the light of day after many twists and turns. The 16 years
since the 16X was announced were packed with nostalgic
scenes and scenes seen for the first time. Naturally, there has to

ba a naxt stap. It seams lika this hunch is comact.
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A car called MX-30 Rotary-EV

Crossover model belonging to the C segment

The bedy size of M Rotary EV is 4335mm in length,
1785mm in width and 1585mm in haight The vehicle waightis

The Mazda MX-30 is equipped with a rotary engine that
has been revived for a new era, The MX-30, which was
unveiled to the world for the first time as the company's
first mas s-produced BEV at the 2019 Tokyo Motor Show, is
notable not only for its powertrain, but also for its " freestyle
door," which has a center-opening structure with no center
pillar, It also stands out. It belongs to the same segment as
the MAZDAS and CX-30, but the frame has undergone
consideratde Improvements in conjunction with the aforementioned
fleece-style doors and electrification. Initially, it was
thought to be a BEV-only madel, but when it was Introduced
to the Japanese market in the fall of 2020, t expanded
its variation by also offering an ICE vehicle that
combines the SKYACTIV-G 2.0 gasocline engine with a

unigue mild hybrid system. Now, we have released the
MX-30 ""Rotary-EV," a series plug-in hybrid model that
uses a rotary engine exclusively for power generation. Pre-orders
will begin in Japan from September 14, 2023, with deliveries

beginning in early Movember. Vehicle price is 4,235,000

The rotary engine, which can be said to be Mazda's identity, has been revived after an 11-year hialus,

been previously released as a mild hybrid and electric vehicle.

TEXT:MFI PHOTO: Hiroya YAMAGAMI/MAZDA FIGURE:MAZDA

A credit plan with a residual value set at 55% after
three years is also available, ranging from
¥4,817,000, The battery capacity is 17.8kWh, ensuring
a driving range of 107km in WLTC mode on batteries
alone. Furthermore, the fuel tank of the rotary
engine used as a generator has a capacity of 50 liters,
making it suitable for long-distance driving. This
structure was achieved by thoroughly improving the
space efficiency of both a battery pack and a 50-liter fuel
tank.

The motor drives the front wheels in all driving situations,
and when high power is required such as sudden
acceleration, the rotary engine is equipped with logic that
starts the rotary engine according to the accelerator opening
depending on the battery level, even if EV mode is
selected. . It is also equipped with the ""Electric G-Pectering
Control Plus (e-GVC Plus)” that was used in the BEV
model, and the ~*Motor Pedal" that can perform high-

precision torque control based on human characteristics.

The MX-30 is equipped with this powertrain. A new option has been added to the unique freestyle door, which has

It is said that he pursued the unigue, one-on-one
running style. The MX-30, which offers three
powertrains, is & modsl that represents Mazda's "' multi-solution
strategy that provides options for the right person in
the right place."” The focus is not only on the return of

rotary, but also on many other features.

1 rotor rotary and electric unit

Engene room of MX-30 [Rotary-EV]. Not only does it take full advaniage
of the rofary, which is much more compact than a typical angine,
but it also uses only one rolor for power generation, changing from

fhee conventional two-notOr LNt 1o ome.



Right: Mild hybrids are keading

the way in the damestic market

In tha fall of 2020, the first MX-30
maode | for the domestic market

was an |CE vehicle that combines a
2 04ifer straight-4 SKYACTIN-

G engine with a 24V integrated starer
generator. The ransmission ks
combined with a Gspeed AT, which &
comman to the Tth ganarafion

it s

Right: Large battery and large capacily fuel tank coexist

i Drder o elminate concems about CUsng range, & s equipped with a 50 Mer fuol
fark {uses regular gasalne). Ths is almast the same as fe MX-30ICE 2WD
modefs 81 Hers. Ancther key pomt iz thal e height of the batiery caze is kept low
through high-cleraiy mounting of atiary modiles and a i struclure it a refrigarant
cooling syslem. L Brmily cormects e body and ballery pack, contributing 1o

Improved vehicle body rigiciy.

P T T P N T P S TP R T S T T PTTRP TS T e

Botiam: Control pursing Fuman-canened accalaralion characinmstic
Iis ral diflicull 1o bring oul quick response, bul Mazda has incorporated into the
WS Y e s b o chir cha sttt meaich humn s e This idea s ben
firrmly inkeritad in $ha MX-30 REV madal, which is a PHEV, and e hamdwars
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rreadiel s piba charges in vehicks spechcrions

Left: PHEV with coaxial
arrangement of main units

MX-30 Rotary-EV" powertrain layout.

A compact 1-fotor engine was chosen

because it was to bea mounted ina C-

segment class engine room and on the |

same body frame as the BEV model.
Taking advantaga of its compact size
compared to a typical reciprocating engine
with similar output, it is placed
coaxially with the generaior and molor,

Increasing space otconcy
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o i

Above: BEV madel's
spacious engine companment
Thare i na angie ar ganemkr, oy

Fadrive matar

n the engine roam
of the MX-30 "EV-MODEL," which
nas an aluminum mount that apoears
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=@de. . Because thers are fow heavy
objects in the front of the vehicle,
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Interference with lead battery in gin room. Therefore, a veteran
rofary packaging engineer devised a "bent lop package” that

amzambled e upper pan related pars 1 sdve {his poblen
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GM, Toyota, NSU (the predecessor of today's Audi), and
the Soviet Union all gave up on RE development in the 1970s.
Madda was the only company 1o put it into practical use and move
into mass production. In the 2000s, Austria's AVL, inspired by
the REMESIS 138, developed & small RE for power generation Chinese
private company Chery Automobile showed interest in
this and developad a range extendar BEV, butin the and it was
only a prodotype. It ended in

For RE, this is extremely unfortunate. Madda is
the anly company in the world with such extensive
knowledge. In the case of a typical reciprocating ICE,
millions of engineers have probably been involved in
the past. Recipe ICE grew up in a sea of wisdom
tactics. The SIP (Strategic Innovation Program) under
the jurisdiction of Japan's Cabinet Office has finally

achieved net thermal efficiency of over 50%. lab stage

However, the figure exceeding 50% is slowly
approaching the 64% of the most efficient natural gas
powar ganaration turbine.

The Mazda 8C model's net thermal efficiency and BMEP
have not yet been announced. The first difference from the
13B type is the longer stroke. This was made clear in 2007
when the development of the 16X was announced. In the case
of RE, the amount of eccentricity between the intemal rotating
gear carved in the center of the rotor and the fixed gear on
the output shaft side = e value is divided by the distance from
the output shaft center to the top of the triangular rotor
= R. The K value corresponds 1o the stroke in reciprocating
ICE. Like the series of Skyactive ICEs, a longer stroke
was dosigrad.

Another improvement would be combustion. This is my

mpression after seeing the disassembled 8C, and Mazda's comments,

Although nat a real engine, the combustion chamber (referred to as
the working chamber in RE) has a round cavity similar to the
Skyactiv G, increasing the compression ratio to 11.9 and directing
tha fual supply diractly into the cylindar rather than into the intake
port. Itstarted to anupt and tha number of spark plugs changad from
two to one, In other words, it can be interpreted that the evolution

in Skyactive G has bean ranscrbed. Combustion should be aven
Dbetier fhan he RENESIS 138 type.

Also, this is an ICE for power generation only, so do not
use it at high speeds. It is said that the most efficient power
generation speed is 2300 rpm. In other words, downspeeding
The displacement is increased, the rotation is lowered,
and the input fuel is fully burned and used up. This is exactly
the ICE improvement plan that Mazda has always falked
about. Although the form is different, the idea is the

aame &3 Sky Actve G.

Whereabouts of the rotary engine?

P 3

Class. s & small part, bt dorlt ket your guard down
Then, bathurbuned gas and combusted ga
Extremely important for leaky RE
R & auniquepart. in the 19605, besf banes
It was triad until Ifs called tibalogy
T b Nkl sl i g i B i
This willimpnowe the hubne poeniial of this part
paterial has emergad. #the RE arly specal
Separate ol is made and set with e seal.

If you can use it with... this?
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Will Mazda's RE, which has been revived as a power generation |CE for BEVs, develep into a drive ICE?
Since Mazda views RE fom a management perspectve, fis can be considered a high possibiity.
Series HEV, PHEV, or hydrogen combustion RE...
TEXT&PHOTO:Shigeo MAKING




So what if we move on from here?

Mazda has conducted some experiments with RE
in the past. What made a strong impression was the HEV
(hybrid vehicle), which combines a hydrogen-
burning RE and an electric motor, and its development
began in 1990. The show car HR-X exhibited at the 1991
TMS (Tokyo Motor Show) was an HEV that used hydrogen
RE. The HR-X2 exhibited at TMS in 1993
attracted attention for its *"body made of easily recyclable
structures and materials." but its hydrogen-buming RE was
also improved. At TMS in 2003, an HEV that combined
an electric motor with a hydrogen-burning RE that uses

an electric assist turbo was exhibited.

Thare it was. The culmination of thesa efforts was the Premacy
Hydrogen RE hybrid concept exhibited at TMS in 2005.
It is a series HEV that uses a hydrogen-burning RE
exclusively for power generation, with the RE and electric
motor arranged in parallel and horizontally mounted. The
newly released MX-30 rotary EV can be said to be a RE-HEV
for the 2020s, replacing the fuel with realistic gasoline and
arranging the RE for power generation and the electric
mator for drive in series. That's what | think when | follow
the flow from the past.

Ancther thing that ks afiracting atiention at the new 8°C is fhe hermal
spraying of the side housing surface as a tribology (friction, wear,

and lubrication) technalogy. Considaring the current situation where

In othar words, Mazda started research on hydrogan
in RE around 1880, and confirmed that cooling loss, which was a

disadvantage of RE, was an advantage in hydrogen combustion.

is lagging behind.

If there is a way to recover, | think it would be because
the seal size is mind-bogglingly leng compared to
reciprocating. Just as cooling loss became an advantage
when hydrogen was used as a fuel, advances in
tribology technolegy may prove to be a “'disaster™. That's
what | felt when | actually saw the thermal spraying
technology used in the Model 8C.

We can also expect great things from combustion confrol
technology. Skyactive | CE enables control in 50 milliseconds.
This is early. However, it is still a long way from reaching
the torsicnal resonance frequency of the drive shaft. | feel like there
is a different world out there if we can shorten control time.
For exampla, instead of combusting threa timas par revalution, |
think that " thinning ignitien™, which is similar to reciprocating
cylinder deactivation. may be effective when considering an ICE
dedicated to constant rotation power generation, although this is

my amateusish idea.

rything i3 aided by . we nave high

for RE performance to jump from technological innovation in

the tribolegy field. ADAS and autonomous driving functions are semi-

- Takumni Muroki, a mamber of the '

first RE developmant team, tha so-
caled 47 RE, showed us & single-rolor
aircooled RE for small aircraft. It

might b used a3 a drone somewhere.
This is an example of RE being

usad in places we are nat aware of.

This is.a RE model S was mreviausly

sold at Mazda's in-house shop. The - "
rafar mtstes with fehande. |haven sean ),)

= — A7 o .
it much, but I'd like to sea it rasold - a'.' ‘.-- -
based on BC's desgn data. This s an @ - i
impertant missionary actiity @ a mamns -": S
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The fact that only Mazda has the knowledge of RE
may turn out to be a disaster. Always connect the
improvements in reciprocating to 'what would happen with
RE" and never leak anything outside. At the same time,
the fact that many students still join the company
because they want to do RE is a great asset. RE research
and development cannot be done outside of Madda. |
think there are probably many pecple who have ideas
that they would like to use in RE.

These young pecple should be given the opportunity to
participate in RE development without baing assigned o tha RE
development department. In ene word, it's a company that
is no longer an cld man. Some people are already saying that
“"automobiles are boring.” | don't think so, but it's unfortunate
for cars that people think that way. To dispel this, we must
abandon all ideas such as “'this is the way things have been done
up until now™ and “"this is my way,” and give full force to

young people who have a rebellious spirit and want to do RE.

It has been supported by advances in conductors. Closer
to home, advances in smartphone cameras and image
sensors have changed entertainment and news reporting.
Videos shot with smartphones are the first to tell us
what is happening on the front lines of the war in
Ukraine. Who would have imagined something like this
20 years ago? Chat LLMs (Large-Scale Language
Models) like GPT were unimaginable even a year ago. As
mentioned at the beginning, RE's misfortune was that
there were not many engineers involved, and Mazda
was the only company that had accumulated knowledge.
The only way to recover from this is to incorporate more
and more peripheral technologies. Mazda fully understood
this, which is why 8°C became SkyActive RE.
The latest results in reciprocating and MBD (modelkbased

development) have entered RE. But still reciprocating
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Have them perform. Otherwise, it would be
easy to quit.

Its pretly far-fetched, but | sometimas think about *'a company
that will put a time machine into practical use in the future."
It's just for fun, but | think Mazda might be able to pull it off.
It's not about technical ability, but about determination and
tenadty. We have been working on RE since the 1960a, and the latest
model was released in 2023, There is determination and tenacity
in managament decisions. ITs stunning.

Also, there are researchers overseas who are fascinated
by RE. At the beginning, | wrote ~ Soviet Union," and that
was actually the case. There are remnants in Russia today
as well. To commemorate the release of 8C, an RE world
conference will be held on the web, and someone will
launch a crowdfunding campaign for the development of
"16C", and someone else will launch an RE startup on
their own. Only young people can do this kind of thing.

Old man should just laugh and watch.

Motor Fan illustration 039
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