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Sustainable Zoom-Zoom 2030

At Mazda, we see it as our mission to bring about a
beautiful earth and to enrich people's lives as well as society.
We will continue to seek ways to inspire people through the

value found in cars

People

Earth Society
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Mazda's Approach to Issues Facing the Earth

Approach CO2 reduction from a well-to-wheel perspective

to reduce CO2 emissions throughout the vehicle’'s life cycle

Well-to-Wheel (From fuel extraction to driving)
r Tank-to-Wheel

Co,
ﬂ,ﬁ » ih‘a » Combustion

. engine
@ Refinery Tank

Oil Well u »

Power
generation \. J

Material manufacture, assembly, disposal

Life Cycle Assessment
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Forecast Expansion of Environmental Technologies
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Launch plan for next-generation technologies

(CY) 2017 2018 2019 2020
SKYACTIV-G/D
ICE SKYACTIV-G/!) upgrade
- 5 SKYACTIV-D GEN 2
Earth S S S
i-STOP / i-ELOOP
Electrification
Autonomous | i"ACTIVSENSE
driving f
Society :
. . MAZDA CONNECT
Connectivity 5
SKYACTIV-BODY & CHASSIS - -------
Platform 5
People R S — _______
. KODO DESIGN
Design 5

Yearabriefingtobe [J20R7N | 2018 2019 | 2020

2021 and beyond
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Next-Generation Gasoline Engine SKYACTIV-X
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Road Map to Ideal Combustion

Distance to ideal state
. Close <

Control Factor

of Thermal Next Generation
Efficiency Generation Generation
] World World
ComE;'ﬁ(S)SIOH .highest lowest CR
CR
Specific %) O Better
heat ratio ! | e
> =
Combustion 5 B Pa'rtiaIP
period < < ?!J?AB?,st.
> >
Combustion X 4
. . wnm %) combustlo
timing a o
i 10
Heat transfer [7) (7]
to wall % 1z
i i
Pressure diff. Miller
Btw IN. & Ex. cycle
Mecha_mcal Friction Friction
friction reduction reduction

Mazda Motor Corporation |



Features of SKYACTIV-X
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Next-Generation Gasoline Engine SKYACTIV-X

SKYACTIV-X

A gasoline engine using
compression ignition

Fuel Type:Gasoline
Combustion Method:Diesel
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Features of SKYACTIV-X

Gasoline Engine Next-Gen Engine Diesel Engine

____________________________________________________________________________________________________________________________
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‘CCI' is our target for ideal combustion
CCl (Controlled Compression Ignition)

= Completely “controlled”
compression ignition combustion

Mazda Motor Corporation |



‘CCI' is our target for ideal combustion
CCl (Controlled Compression Ignition)

= Completely “controlled”
compression ignition combustion
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Difference between S| and HCCI

Spark Ignition (SI) Homogeneous Charge
Compression Ignition (HCCI)

High
temperature-
High
compression

= =

Compression ignition
Combust at multiple points
Air>>Fuel : leaner

» Ignition by plug
» Combust by flame propagation
> Air/Fuel=Const.

Y VY
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Why is Compression Ignition Significant?

Ordinary SI combustion@750rpm:

SI Combustion air fuel ratio of 14.7:1

Aiming to improve fuel economy
with spark ignition, we try to
achieve lean combustion.

G Challenge:

Lean, spark ignition combustion : air fuel ratio of 29.4:1

But if we increase the amount of air or gas
the flame will not propagate

Can't we ignite gasoline by
compression, as we do with diesel?

U l : l @750rpm :
. . ee e CI Combustion air fuel ratio of 36.8:1
Combustion ignition enables a super lean

burn at twice the ideal air/fuel ratio

Even lean air/fuel mixtures will ignite and burn in
many places simultaneously if highly compressed
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Why is Compression Ignition Significant?

<CIl and thermal efficiency>

Cl combustion S| combustion

High Takes time for
combustion Burns out in flame to
pressure short time propagate

Top dead

center

Bottom

dead

center

Top dead center Finish Finish burning
= ignition to start burning by Cl by SI
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Issues with Conventional HCCI

Other OEMs/research institute

Engine load (kPa)

/
S| (spark ignition)
- é}
L/ ..
Ol@’?sos/l’@
| @f Co
2 U@/ /770(/ 7
$ g
. &

} « Misfire due to
Switch insufficient time
Engine RPM Data under development as Aug. 2017
Compression Spark

Ignition — Ignition
Very difficult to achieve
stable switching
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Breakthrough

Breakthrough Point
(Mazda original technology)

Technique to completely control the
switch between combustion types and
expand the operating region of
compression ignition
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Breakthrough

‘CCI" is our target for ideal combustion
CCl (Controlled Compression Ignition)

Completely “controlled”
compression ignition combustion
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Breakthrough

Homogeneous Charge
Compression Ignition (HCCI)

Spark Ignition (SI)

Complete control
of switchover

A spark plug is necessary

-

Use spark plug as a control factor
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Breakthrough

<Compression ignition using spark plug as control factor>

Additional
Compression

Expanding fire ball
=Air Piston N\
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SPCCI Combustion

“SPCCI”

(Spark Controlled Compression Ignition)

Cl combustion Expanding fire ball

(Air piston)
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Air Supply Unit

Highly responsive
air supply unit
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Air Supply Unit

SPCCI SPCCI with air supply
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SPCCI Combustion

< Spark Controlled Compression Ignition is seamless over a wide region >

Engine load [kPa]

Engine speed(rpm)  Data under development as Aug. 2017

SPCCI works over a wide range of rpoms and engine loads
and allows stable switching between HCCI and Sl
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Value Provided

Value Provided by SKYACTIV-X

[ Performance
I Fuel Economy

Driving pleasure that comes from the
combination of performance & efficiency
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Value Provided

I Performance

@ Responsiveness
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@ Responsiveness (launch response)

<Improved launch response to throttle pedal operation>

Acceleration

Accelerator position

(Conventional)

GE
E(1.5L) '];/“‘.
; ad]

% GE(2.0L) ’r

valve
(Initial position)

(SKYACTIV-X )

Intake air enters cylinders
without delay thanks to low

Time

Data under development as Aug. 2017

resistance of throttle valve,

providing good launch
response
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@ Responsiveness (launch response)

Initial vehicle response when accelerating from 40 km/h

Good launch response essential for responsive driving — Peace of mind and safety

VAL

SKYACTIV-X

Competitors
Downsizing Turbo 05 1.0 15 20 2.5 3.0
1 1
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Value Provided

I Performance

@Expansive at high RPM
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Expansive at High RPM

Acceleration characteristics

B Acceleration continues and
expands to high RPM

¢¢¢¢¢¢
s,
<,

SKYACTIV-X

Rate of acceleration

SKYACTIV-D

Time

Data under development as Aug. 2017
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Power Output

Torque [Nm]

95RON

SKYACTIV-X

2,

Current SKYACTIV-G

0

1000 2000 3000 4000 5000 6000
Engine speed [rpm]

Torque [Nm]

91RON

SKYACTIV-X

2,

Current SKYACTIV-G

1000 2000 3000 4000 5000 6000
Engine speed [rpm]

Data under development as Aug. 2017
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Value Provided

Fuel Economy

@ Drastic improvement in fuel consumption rate
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Drastic improvement in fuel consumption rate

@2000rpm

Old MZR

o0
o0 @
........
e ®
e0°®
o ®
o ®

Current SKYACTIV-G

<Reference>
SKYAVTIV-D Upgrade

FE ratio (BSFC) [g/kWh]

SKYACTIV-X

0 200 400 600 800 1000 1200 1400
Engine load (BMEP) [kPa]
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Value Provided

Fuel Economy

@ A flat fuel consumption curve means
little difference in fuel economy
performance in the real world
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@ Flat Fuel Consumption Curve

(Conventional Engine) (SKYACTIV-X)

Torgue[Nm]
Torgue [Nm]

L] L L] L i T T T L 1
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000

[rpm] [rpm]
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Value Provided

I Driving pleasure that comes from the
combination of performance & efficiency
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Il Driving pleasure

(Conventional Engine) (SKYACTIV-X)

1\
6th \ th
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FGR : Lower speed | (Prioritize driving)
(Prioritize driving)
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[rpm] [rpm]
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Il Driving pleasure

SKYACTIV-X 2.0L

<G2.0L>

O.@

AQB‘J L
™
Good fuel
economy

<Fuel economy>

ﬁBreakthrough Gear ratio

Data under development as Aug. 2017

.<G 2.5L>
‘O
Good
dnvmg
>
<Driving force> Good
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Il Driving pleasure

European C-car MT FWD WLTC
SKYACTIV-X*

)

O

European 1.5L
Downsizing turbo
w/ cylinder deactivation

WLTP CO2 [g/km]

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Good launch - Acceleration from 40km/h [m/3 seconds]

Acceleration position

40km/h—Acceleration
10%

_Bt:_ > %Qy

Data under development as Aug. 2017 Mazda Motor Corporation |
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Positioning in Product Strategy



Feedback on SKYACTIV-G and Upgrade
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Data under development as Aug. 2017
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Feedback on SKYACTIV-G and Upgrade

INTERNATIONAL.

Benchmarking and Hardware-in-the-Loop Operation of a
2014 MAZDA SkyActiv 2.0L 13:1 Compression Ratio Engine

2016011007
Publiched 040572016

Benjamin Ellies, Charles Srlnnk and Paul Dekraker
US Exviroamental Protection.

CITATION: Exlis. B Schesk. C., 04 Dekuaker, P, “Benchamking 104
SkyActv 2.0L 13:1 Comgressioa Ratio Engine.* SAE Technical Paper 2016-01-1007, 2016, doi-10.4271/2016-01-1007.

Hardwase-inthe-Loop Operation of 2 2014 MAZDA

Abstract support he MTE. EPA has been condcting a seris

evaktion (MTE) of he 2022-2025 Lighs-Dury Vehicle Greesbause S Pision) stecsrey R AmAMEL M

ml\mkfuﬂ

INTERNATIONAL.

Air Flow Optimization and Calibration in High-Compression-
Ratio Naturally Aspirated SI Engines with Cooled-EGR

2016010565
Published 04052016

SoDuk Lee, Charles Scheak, and Joseph McDonald
US Esmronmestal Potecton Agency

CTTATION: Lee, S Schesk €., and McDonald, J.. *Axr Flow Optimization and Calibration in High-Compression-Ratio Nanarally
Aspired S Engioes wih Cooled- EGR." SAE Technscal Paper 016-01-0565, 2016, o 104271 2016.01.0565

Abstract

As part ofthe U.S. Envirommental Potection Agency (US. EPA)
Misterm Exahtonof Ligtty Ve St o ot

Introduction
As part of aalysesin support of the 2017-2025 Light doty Vebicle

2:2025 (1", e US. EPA co2 forspecifc e O
opioe .mm; "

it Ricardoused eugae

ogt Mmmumgubﬁmlmmmu« variable valve lft
valve tazag (VVT), exhs

‘GHG standasds, EPA coatracted with Ricardo PLC 1o project fume
of

high- Toop
(EGR) flow rate, 30d compeession ato (CR) chamges. Mazda EGR(S T
SeyActiv G spakigation (1) cnios weie seeced by EPA for 23

25 EGRB (EGR! erd) Thebest asfc of e Riardo EGRB

red 10 within the amalysis

4

Engine Comparison Efficiency (%) at 2000 RFM

Efficiency (%)
- N N
(&) o W

-
o
L5}

Mazda 2.0L Skyactiv
——Ford 1.6L Ecoboost
—PSA 16L

- --Ford 1.0L Ecoboost

; RICARDO 2020 1.04L Standard Car
—+— VW 2.0L E888 Gen IIIB ‘

5 10 15 20 23
BMEP (Bar)

SAE 2016-01-1007:<https://www3.epa.gov/otaqg/climate/documents/mte/2016-01-1007-benchmark-hil-operat-2014-mazda-

skyactiv-2.0l.pdf>

SAE 2016-01-0565: <https://www3.epa.gov/otaqg/climate/documents/mte/2016-01-0565-air-flow-optim-calib-nat-asp-eng.pdf>
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Product Strategy ~ Enhance SKYACTIV Lineup

SKYACTIV-X

Gasoline engine Diesel engine
lineup lineup
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Building Block Strategy and Process Innovation

Provide unique, world-leading products with the

most appropriate technologies for each market

A
Process Innovation

Monotsukuri Innovation (Common Architecture & Flexible Production)

Plug-in HEV Technology

Battery EV Technology.
MODEL

BASED

DEVELOPMENT Control Technology:

Evolve base technologies
S e Further lightweighting
Ba s 1) (SKYA C7TIV. ; \l 4

-DR/VE/MT SKY A C77V
Evolutlon

BDD 'Y/L'HASSIS
‘??Evolutlon

HEV
I=ELOOA,
=Si7OR,

S/(AYA C 77 V-G
SK YA c 77 V-D

Evolutlon/

Building Block Strategy

ELEGTRILICATIEN,




Toward Mazda's 100th Anniversary in 2020

/E/' V VIS/ION
~RANGE
E)(T/ ENDER /@

HE 4 @EM?/@WMML

MAZDA CO-RILOT C ONCERPT
AU TDNOMOUS TECANOLOGY
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