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Summary

A

The first generation CX-9 was launched in 2007, and provided the sleek/elegant design and the
outstanding dynamic performance. This was really innovative to the segment of the Medium SUV 3row,
and highly evaluated as the breakthrough Crossover SUV from the conventional SUVs. The first CX-9
won the first prize of “North America Truck of the Year 2008”, one of the most authoritative award in the
US. New CX-9 is the successor.

The second generation CX-9 has been planned and designed mainly by Mazda North American
Operations, as the strategic program for North America, one of Mazda’s important markets. New CX-9 is
the high-end model of our new generation programs, and offers fun to drive and outstanding safety and
high environment performance. This program completely meets various family needs and on the other

hand, offers prestige feeling as our high-end. Finally new CX-9 is another breakthrough to this segment

as the first CX-9 did.
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Fig. 2 Exterior Design
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Fig. 3 Interior Design
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Fig.4 SKYACTIV-G 2.5T
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Fig. 5 Dynamic Pressure Turbo System
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Quietness at high speed driving
[Clearness of audible conversation %]

Quietness while driving on rough road
[Sound pressure level dB(A)]

Fig. 8 Quietness
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Fig. 9 Tilt Down 2nd Seat
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Fig. 10 Interior Packaging

RIS & BRI, RIS E > TRBIDBATTH 5,
BRI = N —2AE T AL, —iEI2E 23R &
LB TH D, MAT, TOITIN<IIFTD I EDOEN
EELUTWERETS5E512, v YA XSUVICHEL
WENRZEM A FUR T E HZER & LTz, FFiT, B — -
V7 oy =)V, SR EOBRICEE Loy R
S av e~ T—ALVANRETD LR, dED
HHEMEKCSEDHIRE « HIEMLTHEEZEME L
7= (Fig. 11) .

(3) | . A =2 FET VTG LWELHIO B
SEFELL, Wshiz PERENERMAZETT 5709,

ENRAOEECEGICHEE L, #LWRIAZHRE L,
T, BEAEMOBITEESCENIZMEOND L OICK
Ty IR H—a ) — VT R AT L
Too FTz, EHBOEMOELIEEENT-EDF T T A B
W2 A — =~y Ray Y — ) )LIZRE L7, FRRCRE
DOFPERFOBFRCT B OBIEICHIE L T, L4 - LR
DRED AL v THEORMERSHRET AR L Lz,

(4) Fi  FEWR 7 7 2V —DO R ELRIS X DT
FEEM AR U, BEREICEEL, BRENRRLS 7T v b
T U=V TH Y BN, HEOBTIC TRER LT,
FMERY OFEMER EE LT, XY= T F— b
(PLG) %EH L7, PLGIIRIBOEIEZENH - T H Al
WL DT, BHEFRERERE 2 111 7,

Fig. 12 Luggage Space
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Fig. 13 i-ACTIV AWD
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3.7 R% - i-ACTIVSENSE - HMI
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Fig. 14 Active Driving Display Front Window Shield Type
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SmartBrake Support(SBS) Blind Spot Monitoring(BSM)

MazdaRadar Cruise Control(MRCC) Rear Cross Traffic Alert{RCTA)

with Stop & Go function

Fig. 15 i-ACTIVSENSE
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Fig. 16 Body Rigidity
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Design of New CX-9
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NI My BV EB L, AT YT OEKEEGE, B F—ar Y=L ERT N ADOSWAHR Y 7 2%
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Summary

We first thought about a Mazda-like premium image when we began designing the New Mazda CX-9.
Among the many kinds of premiums, we aimed at Mazda’s way, stately and dignified premium. In
designing the New Mazda CX-9, we put priority on refining its powerful and dynamic framework,
eliminating all excess elements, and maximizing its potential in order to make it a genuine machine. And
we were able to realize a long nose and a compact cabin, which KODO design is intended to achieve,
despite being a 3-row seat model. For the interior, too, we put a focus on the framework. The stable and
dynamic interior was realized by a low center of gravity, with a light, thin instrument panel laid out over
the foundation formed by a large center console and large switch boxes on the door trim on both sides. In
addition, refined elements made of genuine materials were adopted in the interior with precise
craftsmanship. All these efforts made it possible to achieve a premium-quality design Mazda had never

experienced before.
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Fig. 1 Design Concept Image
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Fig. 2 Axis
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Fig. 3 Structure & Form
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Fig. 4 Stance
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Fig. 5 Brand Face & Rear Combination Lamp
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Fig. 6 20inch Wheel
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Fig. 7 Interior Structure
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Fig. 8 Driver Oriented
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Fig. 9 Real Material Decoration Panel
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Fig. 10 Nappa Leather Seat
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3| HEAVIYIA—FRI T2 ISKYACTIV-G 2.5T] D%
Newly Developed Gasoline Engine "SKYACTIV-G 2.5T"

ER GwmEEt RE Rz L FR
Mitsuyuki Murotani  Einosuke Suekuni  Tomoaki Fujiyama
e EZ ™ IR TS M ke

Naoyuki Yamagata Kouhei Iwai Reiji Okita

L

=Y ZOEMHBEOEME Y g [ 25 A F 7 V" Zoom-Zoom” ES ) (IS, AEDBOL BRELMERE

BWITCTCWN T2 2B LTHY Y —AH Y Uz Pr [SKYACTIV-G) 2B L, o= P
WL SEH 2L — AR F v =V —o VU BB L, BRCX-CHER L, F VT,
WRDE DT AP T —=RET—REE L, =RV ORETHIZ—RT ZTE2FERLT, Kk
K[ENAWORBMPEL AR AL MLy ay ba— A HEE2EE L, BOEEOAED & FERABEEOSEWEFE b
NI RDBRBOEY ZRMET DL L biC, U PV OERBRBERFER ALK T LI E T/ I7A Ry T LL
DIRBRBEMRE R ERR LT WD, AFBTIE, Oz Prpasvr EEA LT OWTHRMNT 5,

Summary

Based on Mazda’s long term technology development strategy (Sustainable Zoom-Zoom), a new series of
SKYACTIV-G gasoline engines were developed to realize both fun-to-drive and environmental
performance at high level. As a further evolved form of SKYACTIV-G, new 2.5L turbocharged engine was
developed to be mounted on the All-New Mazda CX-9. In the process of developing the new engine, as a
fresh departure from the current downsizing engine, turbo-lag, which is the weak point of a turbocharged
engine, was overcome, and transient response and torque controllability equivalent to a large-
displacement natural aspiration engine were realized. As a result, lively driving and more torqueing-full
performance were brought into reality and class-top fuel economy was achieved with an expanded low
specific fuel consumption area. This article introduces the concept and the technologies applied to this

engine.

1. ELCBI M PO a w7 N, TOEROLHDITEAL

: = PR AR B,
SKYACTIV-GIZ, Ei7BEMRE & EITIERE % Rkt b 4
TNRZUAESHE AT A4 F TV “Zoom-Zoom™ B |
% HBUL L72piin & B RRITHRAL L T & 72006),

Z OBENTIEARVERRZ N — R T e DL AR D A,
PRICX-9D = D /T — ) — A L L THZIZ2.5LF —R
Fr—Tx—x PV rERFE L (Fig. 1) . ZOMRT
&, RO Fv—s b7rba=y MZRDHEILTO
SODKFE L= MREE B L7z, OB RERALIE A D18
e fvr, @F —RT7 7 EFELCEHRVIIRL AR R,
@SKYACTIV-G O & i bt & ARG o & 7 S 2k
7L CEB U728 - BRIRMERE DAL, AT, 2o

Fig. 1 SKYACTIV-G 2.5T

1, 2 mUYURGEHEB 3 TV UBREEER
Engine Design Engineering Dept. Engine Performance Development Dept.
4 RT— b LA BB *5 U — kLA AR 6 RU— R LA CBRREAHD
Powertrain Technology Development Dept. Powertrain Planning Dept. Powertrain Development Div.
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Table 1 Dimension and Specifications
Engine SKYACTIV-G 2.5 NEW SKYACTIV-G 2.5T
Engine Type In-Line4 —
Displacement 2488cm’ ha

BorexStroke

89mmx100mm

—

Compression ratio

13

10.5

Combustion chamber

Small Cavity Piston

Large Cavity Piston

_— DI
Fuel Injection (6Hole Injector) -
Intake—Valve |Open(BTDC) -32~42 —24~50
Timing Close(ABDC) 110~36 100~26
Exhaust— Open(BBDC) 58~13 50~5
Valve Timing |Close(ATDC) 6~51 2~47
Int.S-VT Electric Aol
Ex.S-VT Hydraulic —
Valve train HLA+Roller follower h
Crank main/pin journal dia @ 50mmx ¢ 50mm A
Chain type: valve train Roller -
- Oil Silent
il Pump Electric control Electric control
(2stage) (Variable)
Water Jacket spacer w/o Plastic spacer
EGR System w/o HP-Cooled EGR
Turbocharger System w/o Dynamic pressure turbo

System

138KW(188PS)*' /5700prm

169kW(230PS)*' /5000rpm

Max.Power " o
142kW (192PS)™/5700rpm | 186kW (253PS)™/5000rpm
2
Max Torque 250Nm*1/3250prm 420Nm/2000rpm
256Nm" /3250rpm
*1:Regular Gasoline
*2:Premium Gasoline
]
4. NTF—IX 2R
4.1 HAhiERE

FAICX-9DMWPE L AR AL, ¥ —RT7 7 &KL S
HRVIIERE RS WE LT, Fig. SITRLEZKHI L0
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BAE LT, ZDRLWOALEEEZ FTREIZ L

ORI T RIS SN KPR TORMBOED

TR T D70

WIZFig. 4D "7 B—THEBL Lz, LF
2T —H YV A T1250rpm & WV 9 (K[al#R

{2 C350Nm

ZEMEL, K L2 I13420Nm/2000rpm, e A1
169kW(230PS)/5000rpm (7L X 7 AV U AH IR
186kW(253PS)) %R LT-, FOFER, FiEREO )ik

LEMAMTOY =7 T RS,
RN Z LB LT 5,
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Current V6 3.7L SKYACTIV-G 2.5T

=

1) Quick response to accelerate instantly
@ Strong response to accelerate intensively
@ Continuous Max. G force to accelerate aggressively

2.0L Turbocharger

Vehicle acceleration (G)

Accel ON |

Time(sec)

Fig. 3 Vehicle Transient Acceleration
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Fig. 4 Engine Performance
42 PREMERE
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RO UMkt s ER A FEHR Lz, F7-, &AM
FEIL I I\ T b SKYACTIV-G @ & %) 2R BE & Cooled
EGRIC L D / v 7 AR L 0 = > ¥ v OIRRE bk
K< LTW5 (Fig. 5) ,
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Fig. 5 Fuel Consumption Characteristics
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(1) Increase of blow down pressure
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Fig. 7 Theory of Dynamic Pressure Turbo
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Fig. 8 Effect of Dynamic Pressure Turbo System
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Fig. 10 Dynamic Pressure Turbo System



EQVE BT

No.33 (2016)

—HT, 900Cx M2 DHKA AFHKTO LT EH)
LA Z TR T 2 72 DIZHER ~ =7 4 — /L ROAZE /L
T AT 2R Lz, $£7, fR~=74— K&
B —RTF v — T — IR PR ABBEIEIR L 7o T
273, CAEEMESFIMENT & BRGE L 7= WIE IR O fi b i
FVEIRTORYSHEEIT 2 & L bic, mBMREOE W
F—ATFA FNREEEAND Z LT, [EEEE MR LT
W5,

wm‘(

«'oY'o 016016, L.

Fig. 11

Dynamic Pressure Turbo System

Fig. 12 Exhaust Manifold with Variable Valve

Fig. 13 Twin Flow Turbocharger
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Fig. 16 Large Cavity Piston
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‘ High tumble edge machining

Fig. 17 High Tumble Port
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Introduction of New 2.5L Turbocharger Engine Control Technology
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Summary

For new 2.5L turbocharger engines, Mazda developed a new control technology that maximizes the
effects of the turbo system while inheriting the excellent environmental and power performances of
SKYACTIV-G, and applied it to the new Mazda CX-9. Physical modeling of the compressor/turbine
workload (driving force) enabled cooperative controlling of an electric wastegate valve with variable valve
timing mechanism and an external EGR, consequently improving the followability of the actual boost
pressure with respect to the target boost pressure set according to the accelerator operation by a driver.
In addition, excellent torque responsiveness and controllability were realized by expanding the boost
pressure holding operation zone through the electric air bypass valve control and by optimizing the air-
fuel ratio through fresh air blow-by quantity estimation control. Furthermore, advancement of the model-
based development, which was fully introduced in SKYACTIV-G, made the review of a logical
configuration of, for instance, boost pressure control and fresh air blow-by quantity estimation control

more effective and enhanced the quality of design verification.
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Summary

ERFS (Electronic Return-less Fuel System) installed on the new CX-9 is a low pressure fuel supply
control system which supplies the optimal fuel pressure and fuel quantity to the high pressure fuel
injection system in the 2.5L turbo engine. The excellent system can efficiently carry out fuel supply with
the minimum input energy. Minimization of energy consumption of the low pressure fuel supply control
system, which is essential for satisfying both high pressure required for instantaneously compressing and
liquefying vapor generated in a fuel pipe at hot start and high flow fuel supply required at W.0.T. (Wide
Open Throttle), was achieved by developing a new system hardware configuration and a new control
software. The new CX-9 is equipped with a control system that evolved from the low pressure fuel supply

control system applied to SKYACTIV-G, which is appropriate for the Mazda's flagship model. This article
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introduces new technologies for the control system developed for the new CX-9.
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Summary

As Mazda’s flagship model, the new CX-9 achieved high NVH performance that is appropriate for its

class with “safety and comfort” as our customer values. Especially, we focused on the quietness at

cruising speed to meet the rising customer expectations from the early development stage using our new

approach for customer satisfaction.

We defined the “Outstanding Quietness” together with our local

members in the U.S., which is the main market for our new CX-9, by focusing on the human senses (how

customers perceive quietness) and creating a new set of indices for quietness. Then those were set as the

new CX-9 targets for quietness. The new CX-9 achieved “Outstanding quietness” by a brand new noise

structures with improved weight efficiency based on road noise, wind noise, and isolation mechanisms.
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Area contribution of wind noise.
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Even if there is a local mode
# which cannot be detected by A/F,

it can be detected by ERP

=~ O : AF evaluation point
/"] : ERP evaluation area

Fig. 12 Comparison between A/F and ERP
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Fig. 13 Modification of the Shape of the Center Floor
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Fig. 15 Dual Direction Dynamic Damper
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Chassis Dynamics Performance of New CX-9
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Summary

Mazda SKYACTIV-chassis improved driving quality by enhancing “Jinba-Ittai” driving pleasure

(oneness feel between a car and a driver), comfort and safety feeling, in addition to evolved fun-to-drive

and significant weight reduction that supports environmental friendliness.

Inheriting this breakthrough

technology and introducing additional innovations, the New CX-9 further upgrades the driving quality
and Jinba-Ittai feeling to lead the Mazda brand as a high end model.
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Fig. 1 Front Suspension and Steering

Fig. 2 Rear Suspension
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Caster angle is increased

by approximately 3 deg.

Caster trail is increased

by approximately 20 mm.

Fig. 3 Caster Angle and Trail
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Bounce - Steer Angle / Vertical Wheel Travel

New CX-9 ——Current CX-9
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50

Rear toe [deg]

-0
Suspensionstroke [mm]

Fig. 4 Suspension Stroke vs. Rear Toe
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Trailing arm bushing is moved
upward by 35 mm

Fig. 5 Position of Trailing Arm Bushing
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Fig. 6 Angle of Rear Damper
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Fig. 7 Steering Wheel Torque vs. Vehicle Yaw Rate

Fig. 81%, A7 7V v JHARITHT S M 9 —EH) &
BAGHA £ CTOMMBNEZ R L CWD, TNENONAEE
NEHEONT R (7T 7 LOFRPOR) 12752 &
EEBRT LD, ZATFT7 Y U ROTERIWE AR EEES
L TIa—EBOENEIEREL, VYA arov
FA R =R IO fGE I Ko TEED b —2 k% FF
728, BMGRADMHENZIKHIEL 2 & T, BikxL
RO WS & EBL LT,

Large
_—

Competitor B

Current CX-9

CX-9

Yaw Rate/SWA Phase
@

Quick Response
L—-l

Lateral-G /SWA Phase
Large

Fig. 8 Phase Lag of Lateral Acceleration / Yaw
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Fig. 9 Result of Shake Measurement
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Fig. 11 New CX-9 Result of Road Noise Level
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Summary

The All-New CX-9 is Mazda’s high-end model, based on the SKYACTIV-BODY technology that was
presented at the Mazda Technical Review No.29, extending the wheelbase, is a commodity that has
developed long wheelbase and the layout package the 3rd sheet. CX-9 is aimed at realization of package
and high steering stability, high crash safety and extremely high quietness performance without the
weight increase from the previous model. To realize them, to strengthen effective area seeking the high
contribution of each performance, to strengthen the amount needed each part that reconsider the load
path, an optimal structure was developed by repeated CAE studies.

As a result, the torsional stiffness has increased by 60%, ensuring of body strength that it’s capable to
getting the best rank by a market evaluation (according to the internal test), and silence performance has
improved from the previous model. Furthermore, while reducing the weight approximately 7.3kg, was

closely achieved a body shell weight Best-In-Class.
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Fig. 1 Derivation of Platform

3. NVHERE (B4

FCX-91F, AEMORFEGTHMN LI BRI -
HYEOERZ B L CHEE2EDTE-[Fig. 2, 22T
AT ¢ —FEIR COFEMREH % 38F N9 5,

& Outslandmg Zone Y

Good |

New CX- 9

"""""""""""" CompriiorA | AF® i

Quietness at high speed driving
[ Clearness of audible conversation % ]

| 05d8 1

Quistness while driving on rough road
[ Sond pressure level dB(A)]

Fig. 2 Balance Chart of Quietness
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Fig. 3 Widening the Panel Thickness

Table 1 Effect by Widening the Panel Thickness
Noise Insulation Crash Safty | Steering Stability Strength
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Fig. 4 Optimization of Body Panel

WIZBATRIIEM O S B 232, hFv o7
07 R DA — I ZCAED B EH L TR D,
BROREZRANRICHED T, TS L FE{baiotasc
H, 0.2kgDE BRI A L7273 5 ERPZ 8 L 7= (Fig. 5),



EQVEEE ]

No.33 (2016)

After optimization

?,
B

Before optimization

[Thickness of Liquid Sound Deadener]
Yellow: 2.0mm / Green: 3.5mm / Blue: 4 5Smm

Fig. 5 Optimization of Liquid Sound Deadener
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Cowl&Member reinforcement
—Widening the panel thickness

Add fixed point
3 -4

Suspension housing upper/ lower
Fixed brkt of Cowl&Member
—Widening the panel thickness

Fig. 7 Rigidity Improvement of Front Suspension Tower

42 F7BEOZEROIME

RA —N_R—=ZIEETE, 7ur U TRF 4 —
DOEFENARZEDINT 5 Z & bRETh - 72, Zhizon
TiE, F7BAROEREIMHT 52 & THE L,
EFTEVET TN, ESSER bR LA T+
— 2 A FEBILTCEFg 80), BT —EfiZa—7
—ROPEIRCoIL L7(R@), U7 K7 B nA&HE ~
DOa—F—iL, EROVA Kb A THr—ARX M
EBlo8EY (F®), &A= 2D/ NIFHEIC 72 D E
iz Ay MaBmL, Wiz i Lz(E®), C
vI—EiE, LA 7 x—ARA 2 MNELEZERE DY,
B Ao a—Fr—RE2H(LLIZ(FEG), ZOFKFa—F—i
DT RO OEREZIHIL, 7oy bV TART ¢
— DB Z IR S 7z,

(® Reinforcement of Corner

& ‘\L*—/ _4\&;&&?

@ Add Gusset

2 Expansion of Corner-R

@ Add Remfcrcement @) Extension of the Side-Sill Reinforcement

to Upper Direction

Fig. 8 Reinforcement of Door Opening

43 YFRT4—DORYy I REBOIEH

U7 ORYEIMCINZ, PEstEEIEE L TCX-5R%ED
O — VAR T 57012, ALYV U TDORRL— R |
Pz, Zoxind LT, CX-5LAMERMIMERMEMROIF L L
TR L T 7CE T —BRIRIEE O BERER /Y & LB L 7=,
BARMICIE, U7 7 L—An5CY T — A dee i &
# L (Fig. 90), Z#ENo.4”7 1 A X //\‘—J:ﬁ‘?:f/a\ L (7]



No.33 (2016)

EAVEC R E

@), ZNH%E3rd>— hOTF, HEOZEMOHFIZ BRI

%Lt7v4xfﬁ%¢é_ET,%%%mﬁﬁk%mk
SH=(FO), Bz, ¥ X—hy T p—F—7 A
YRYDOHEy b, CET—HA~ERIICHEITEL,
= by TOZFIMNEE EDT-(AO), Zh b O
DORELICEY, FEICHRNE TN TH 1%, kel

DEERTH L, K2.7%, kgDE B 27 5 #HER
W EE =B LT,
\}‘ “H

(DStraight

_ ) v @Straight Gusset
,\ \ closed section _— /
f ; 4 3

Body structure of CX-5 Body structure of All-New CX-9

Fig. 9 Ring Structure of C-Pillar

Wiz, U7 R — NBR I A bk LT, MR o
LA U T —RARA L MY T~y H =D e Tt
b L7=(Fig. 10D), FiZ, 72U+ —F—UA 2 KU L&
(LT T OOV TH—ARX N, UT b
ZF— A RO a—F—7 L — FOBERBEDL LI
ZOMEMEEULLIZ(FAOQ), 7 U —X—UA LV RUF
Wi, VT ET—A v F—0RRICERE AN, VT N
— FRAAWE A~ B LE(ER), ZhboiEDIEkIC
Mz, FEELRDBLA T F—RA R METOREERIZ
RIS T Fe AT 2 e L CIrE A 2 il Z & T
U7 = B O AEL L IH Lens b, HEikigns
ETUTRT 4 —DR v 7 2B =W L=,

(@Closed section

@Ridge line of

Rear pillar (@DContinuous reinforcement

Foamde material

Body structure of All-New CX-9

Fig. 10 Change of Rear Body Structure

4.4 rL—U2H) o BEEEOERIMEG
No.37 B A X L N—D X, ZEDa— R/NADR

et bmd R R A =B L, F RV TR

ERICBELTSZET, No.3Z o ARA L NR—fTTO
AT 4 —OETFEREZIMHTE, b=V 7Y 7
[ EH A 2P CREE L L, R b & BTSRRI ER
THZET, ZFEAEL R ESE(Fig. 11,

Tunnel-Member No.3 cressmember

Reinforcing plate

Two story structure

N B,

ﬁp??

Body Structure of Trailing Link

o / /A//
o

..
%, -

- 2

Add Tunnel-Member

Fig. 11

5. FBEREeH

FCX-91%, TWGEFH Tl 7 v 7 15 % H s LBA%S
47 o 72, CX-5lT290kgDHET v 7 % T R )LF —If
X5 7dic, SKYACTIV-BODY# HiZ#(LEE7-7 =
YiEExx vy, UTART 4 —EY ORBEGIEENT S,

51 XEEBRZTLEFRES (HS)DXE—IL
A—n—3 v TilizEmT vV BR/IZHITT
CX-5HDEET v 712 X DI L 7= f2e = L —
EETX Y B CRTRE, 2EREOCMONBMLETH
olc, O, WEFOEMAER D2 hro—/LR, fif
HOSGHESE (T a— RA2b) IThF vy EVRZ
F AR INAX—%2RE Lz, 29 LT, Fx 4%
REDWBEIRI S I¥EINE % e/ NRIZEN R T2 BT, BAL o7
AR EHIAEF Lz,

(1) AEZ—WrEomEEl

AY T —1ICX-5 TL2AERRE DI 7110 L3 MEL T -
Tro WESRCNA T U RECK-5PLI/AEL &, WikDIF
L BEHEKIOmmU FIERT 2 MERH Y, A OEAE
T, AT =M< RETmnWT 1 VB EEE T
ERVWEENR ST, LvL, WESANSTUFEE BT D
EERE TR MM BIZT TR, REEOHSE L
NoTLEH, £I2°C, AIEMEZE - AlEHEE - Lv—727 7
vV aERRICH G T 2B ER L, ZOE D 125
ETBHE—AL MIMA D X D12, & OWmAZ RO



EQVE R E ]

No.33 (2016)

JZ, MH%Za=y bCAERHIC L V@b L7z, €Ok
R, WEOIKEIEA T MIZ3mm T A 5, HAL
TPA IR E B L7 (Fig. 12),

[Reinforcement]

Thickness direction

Fig. 12 A-Pillar Section

(2) FEAGFZEMEHESTZDO L VYT — 4y EIEE

NYTIHUAENZARA =LY, BroET—W
HO KT b2 VRN A~RETRR A3 mb Y, ey
T —WrEo i, AENESIEEZL, ¥y oL
MBS EL2HERERD, BV T —WiE»ND KTk Y
VHEAHEEFg. 1830) &, R T EARFRIECHU TR & et
Lg%, “pFfEEs 352 LT, mERONTHERANLE
R7 b > PRI D, WrimAE(R@) o faiu 4 Bl L
oo £, BV EIT—BHELRET v IRENA T Ak
L, FvvanurbterPeo—Hamaeity hoLA
V74 —ARA L ME@)THLL, ¥y¥ ErOEEEE
L7,

T ®Gusset
reinforcement

[

Fig. 13 Deformation Mode of Hinge Pillar

(3)  RAEEZER I CAmE R e — RAXR 2 BZEH L
TA Fiov

o— RRAEFHEATEL L1, V14 Rk one
T DOEFEAIBICEE LA T —A A FOFEIRE A

ETIZ&T, MELREDT v 7 E% LER/NRIZIZ 5
ZLHTER, Skl oS —cko T, HmlHE
W L & A — i A R ov & BN~ LA
e, ZHUT XY, YA RIVITIERONNY 7 LD R A
—L O HEPLMEEZY, NinEsl&Rs4, Zh
LE Y EVOREEAMIESELHERK LD, HIEEZE e
— FRATHLYA RN EN02Y B AR N—DFEE
WaEmb L, BA =KAo R A DT E 2l
flifzen — RANRR L RZESE L2 & THA Ry
WAL A il L 7= (Fig. 14),

pr= l |
No.2 cross member

i

| Side-sill
reinforcement

Fig. 14 Detailed Design of Side-Sill

5.2 tREFHEEFICHITZ3rdd— MRE

FACX-9D Y 7 ART ¢ —BAFIZIBW T, 4R SR
IZSKYACTIV-BODY CHI#E#L & 72 5 8rd > — k& RS
BT, ZODOKRA Y MIES LT,

—2HE, 3rd>— MEH TORWT LT —IRILDFE
BThHD, TANU T a7 a AR kL 0 Al
DV T 7L =D UNERIELNZL, Wikziird s
ZETMAE RSB E LB, ERLIEY T 7 L— Atk
DOWy M AZ A M L— MET25 2 & T, =¥
—Z RN T X A & L7z(Fig. 15),

Crushable Area

'

Non crushable Area

Suspension cross member
fixing bolts

Straight frame

Expansion of
the cross-section

W-hat section
(Sec A-AY)

‘AII-NeW CX-9's Rear frame |

Fig. 15 Changed of Rear Frame



No.33 (2016)

EQVE R E ]

ZoOHI, 3rdy—MITH v I LIZK WART Z A ¥
OERESBTH D, ¥ A Y E2AMEREE L, %EHEeERcx
3rdi— h &P AN g m AR RN 2%
IS ZF822LT, 3rdv— D27 v g% o
HZEE P72V EE & L= (Fig. 16).

Fig. 16  Concept of Moving Spare Tire

6. B=

FHCX-9DKRT A bART 4 —I%, ERET NV EFED
P A X7 HAMEREE KIEICA E&d7- ET, 7.3kgdi
BELEEHL, AN I TADRT 4 —v = VEEIZ
WTOF(Fig. 17) . ZoOE v, Jeal Uz X 5 72t
DOWEIEALITINZ T, @A T AR 70y F 7 =2 Z—D
T LV ERTHZ LN Taz (Fig. 19 .

EU-E EUF
* *

1

Previous CX-9 EU-C
*

Us-A
u
+ 1
EU-D

/Elﬁ\/{wi Al-New CX-9 ]7

|
BestIn-Class line

Vehicle plane area [m2]

Bodyweight [kg]

Fig. 17 Vehicle Weight per Projected Area

11% AL

74 W 1800 Hot Stamp
980MPa
780MPa

= 590MPa

W 340/390/440MPa

m 1500 Hot Stamp 1H 2%,
980MPa ’
T80MPa

= 590MPa

= 340/390/440MPa
others

Fig. 18 Application Rate of Sheet Metal

7. BHYIC

FAICX-91F, WHACE IR X 72 FE & B Anen
b, N Ty RET MG LUWWEEEEZ EBT 5 2 L8 T
., THOHOREL, A - FYA 2 - 3RE - FEF - A&
PEBAN e OB 23 F LS %2 © 5, ONE MAZDA Gif
BT 52 LICEVRLED N TEREERD, 55D
BERICIVEINDEMERMET 2729, ONE
MAZDACRAMBIR 2 EL STV FFETH 5.

SE

(1) AHBEZ1ED : SKYACTIV-RT ¢, ~ Y X,
No.29, pp.61-67 (2011)

(2) FWFECEITA> - BATTUHIIEM O SE A Tk, ~
Y 2, No.30, pp.234-239 (2012)

(3) MEAFBHIE : FHLT I A4 - CX-30OWEBRT — =
VBEZE, ~ Y X Hi, No.32, pp.48-55 (2015)

M i


http://www.mazda.com/contentassets/caf0e8a523d64cd7b30b10f7c762b3ea/files/2011_no012.pdf
http://www.mazda.com/contentassets/caf0e8a523d64cd7b30b10f7c762b3ea/files/2011_no012.pdf
http://www.mazda.com/contentassets/caaefa70accf4ad39abac38ac34ea20e/files/2012_no047.pdf
http://www.mazda.com/contentassets/caaefa70accf4ad39abac38ac34ea20e/files/2012_no047.pdf
http://www.mazda.com/contentassets/12ad273b47684070bf6fd776ab3fbe22/files/2015_no009.pdf

AV E

HE R YA

9 HBECX-9DZE N ERERFE
Aerodynamic Development of New CX-9

s

Masafumi Aburame

i R
Akihiro Nakata

L

BHAICX-91E3% 2 v RY A X7 m 24 —_"=8SUVE LT, CX-5DT T v 74— ha~—AITB¥ LT,
BHMREIXZ ANy LNV EHE LT, 0BT v b7 34— A2 THE, CX-5LLBE O H AR M
BELFIREOR FEFICMZ T, FHACX-ITIHFFIC 7 ey FEAYEY KR TH AT gV HY OERIC
EH LT, F27 98— RT 4 =20 T, FRCX-9DTH A a7 v Thd TBITEZNTHREOH
67VSTAJ@ﬁﬁ%%ﬁbﬁm%)7@@@“%%@%%@#%%%?6;&LEﬁLkoE~,mﬁ%
TRACIRBEMED “L0/ Rl 2K T o2 5 U0 FB O 2012, JARIIC £ FBAET i E R
LT DT ORBIC L IED Lz, AT, TV A1 UERM, %%pﬁﬁkéwk@of AL, mIETIV
035 11% D ZEZARP R V22 B2 ORI % B L FHB 2 BT 5,

Summary

The new Mazda CX-9 was developed as a mid-size crossover SUV based on the platform of the Mazda
CX-5. The target of aerodynamic development was achieving top level among the same class vehicles. In
aerodynamic development for the platform, a focus was placed on improvement of the air flow in the rear
suspension area and around front tires in addition to improvement of the air flow in the floor same with
the Mazda CX-5 and the following new-generation vehicles. In the development of upper body, we aimed
at improving the air flow in the rear body with realizing the design concept of the new Mazda CX-9 for
expressing “stately and dignified premium”. In addition, for the realization of outstanding silence in the
situation of high speed driving so that customers are able to feel “peace of mind/coziness”, we focused on
the reduction of aerodynamics noise. This paper introduces the case of realizing an 11 % aerodynamics

drag from the previous model and reducing of aerodynamics noise.
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Fig. 7 Flow Streamlines around Front Tire
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Fig. 8 Body Side Flow around Front Tire
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Fig. 12 Aerodynamic Optimization on Upper Body of the
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Power Lift Gate System for New CX-9
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Summary

For New Model CX-9, the doors and lids were developed with the concept of “Jinba-Ittai operation

feeling (oneness between a driver and a car)”. New Power Lift Gate System is adopted for the first time

to the 6th generation product, which makes opening and closing operations easier and safer, while

achieving 30% lighter weight than the previous model.

and achievement measures.

This paper introduces the development process
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Development of New Active Driving Display

e EET
Hidenobu Nakashima
AR LT

Tomohiro Tanimoto

Ul
Kenji Okada

L

~ VA, ERDEITEEOERERTEL, Bl RRTWSRLE LT VT4 T R IA I T4 AT LA %

BZL, THEALTWD, 77747 KITA U TT A AT LA DERFTRE LT N FT—X A4 TERINL
7o, BRWMREBEROEINZ XD RRIA ZAOPER TR 2HEMELRBEMEOM L2 BREL, W5 EAHFRREFEDR
ERLEDICTar NI LY ROV REALTDT VT 4T RITA U TT 4 AT VA BHICBR L,

Summary

Active Driving Display is a product developed as a vehicle information display device.
We selected Combiner type as means of displaying of the Active Driving Display. We aimed at the
extension of the display size by the increase of the future safety information display and further
visibility and the cognitive improvement and developed the Active Driving Display of the Windshield

type newly to realize distant place upper side display.
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Fig. 4 Actual Light Path of New Active Driving Display
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Summary

We continue wrestling for the production engineering development of the high tension steel sheet having
high precision, molding relative difficulty to realize light weight, a high strength body in the we bodies
technology. The high tension steel sheet (more than 590MPa) utilization of new CX-9 became 62%, and it
was predicted that a finish of the precision quality became difficult more. Therefore I connected the body
assembly domain from press parts in CAE and developed the precision finish technique to perform mass
production preparations efficiently at an actual machine and on desk. The simulation that could calculate
body assembly precision was indispensable in this technique, and it was necessary to improve precision of
the simulation while comparing the simulation result with the inspection result with the actual machine.
I chase a process from the press domain and introduce a finish of the body dimensions precision that

reached in this simulation development and CX-9.
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Technology Development of the Vehicle Corrosion Environment
Quantification and Analysis Method

Y= UGN W ikt EAEE I~ i
Katsuhiro Fukuda Katsuya Ochiiwa Kenji Sonoda
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Takakazu Yamane
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Summary

In recent automobile development, the number of parts which require corrosion evaluation has been
significantly increased due to an increase of new metal material or electronic control device to achieve
both weight reduction and high rigidity of a vehicle body at the same time. Automobiles, moving objects,
are used in different environments all over the world. Under the circumstances, not only accelerated
corrosion test on-vehicle in the conventional particular market, but also adoption of model-based
development focused on “market environment model” to reproduce corrosion environment to which
vehicles are exposed on a computer are effective to certainly exhibit aimed anti-corrosion performance.
We have built a measuring system which enables batch recording of corrosion sensor output and
environmental factors to quantify corrosion environment. We have also developed a data analysis
method to obtain corrosion environment in the market precisely by mounting that system to the vehicle
Additionally,

we have engaged in activities to reflect the measuring system and the data analysis method we developed

used in area in which snow-melting salt is scattered or areas which are exposed to sea salt.

No.33 (2016)

to model development.

In this paper, those activities are introduced.
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REL B D, UKD F IR ZE OB HE O
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HETOIMMBRL VORI AL I TE DL 1272
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BWCHEH O B B RO MBI KA O BRRE & RS
HETE B3 AT AOBRFENMAETH B,
COMBEORR L LT, BRLBEMOEERDE R
BEZHIET DY —LE LTRIAWSETIEH ST D
ACM &> % — (Atmospheric Corrosion Monitor Sensor)

1~4 HBAFE A
Vehicle Development Div.
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Fig. 1 V Process of the Rust Prevention Development

Table 1 Components of On-board System

Monitoring ltems

ACM Sensor Corrosion Speed ( Multi Channel )
GPS Signal Environmental Condition
Onboard Camera Weather/ Road Condition
Temp/Hum Sensor Condensation/ Deliquescence
CAN Signal Driving Cndition
ACM Sensor
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1

g Onboard Camera

55 Temp/Hum Sensor

=43 1

%) CAN Signal

g 1

Battery |for Parking Mode

Fig. 2 Corrosion Environmental Measurement System
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Fig. 3 Data Analysis Windows
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Fig. 4 Operating Principle of the ACM Sensor
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Fig. 6 Total Vehicle Accelerated Corrosion Cycle
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Fig. 7 Location of ACM Sensors and Exposed
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Fig. 8 Relation of Coulomb and the Reduction of
Steel Thickness
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Table 2 Relation of Verification Condition and
Substitution Value
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Fig. 11 Relation of Coulomb and the Reduction of

Steel Thickness (with Data Revision)
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Fig. 12 Temperature-Humidity Data of Okinawa
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Development of Bio-based Engineering Plastic Featuring High-quality
Finish without Paint and Suitable for Interior and Exterior Vehicle Parts

PR

Yohei Ichihara

L
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Summary

Bio-plastic is one of the technologies contributing to “outstanding environmental performance”.
However, as the material cost is higher than that of petroleum plastics, it was difficult to use the bio-
plastic for vehicle parts. The newly developed bioengineering plastic is high in transparency, scratch
and fading resistance. Taking advantage of the material’s properties, non-coating technology was
developed for interior/exterior design parts, which achieves not only outstanding environmental
performance but also high quality finish which is not possible by conventional coating as well as cost
improvements due to the elimination of coating processes (molded-in-color). This technology was already
adopted to the interior design parts of the all-new Mazda MX-5 as well as the interior and exterior design
parts of the all-new CX-9. Application of this technology of high “Environmental”, “Marketability”, and

“Economy” performance will be expanded from now.
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Development of Combustion Technology for Reducing Catalyst Warm-
Up Time in a High-Compression-Ratio Gasoline Engine

BRI ! WNH 2 Ml fEmers
Tatsuya Fujikawa Kenji Uchida Yoshiteru Nakayama
(I IE A 4

Masahisa Yamakawa
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Summary

The high compression ratio is effective in improving the thermal efficiency for a spark-ignited gasoline

engine. However, the exhaust emissions are deteriorated by the increased catalyst warm-up time, which

results from (1) the reduced exhaust gas temperature caused by the elevated expansion ratio and (2) the

elongated exhaust pipe for increasing the engine torque. The technology development was conducted for

retarding the combustion phasing. The results show that high environmental performances are achieved.
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Table 1 Engine Specifications
Engine Type In—-line 4, DOHC
Bore X Stroke 87.5mm X 83.1mm
Displacement 1998.8cm3
Combustion Chamber Pent-roof
Compresstion Ratio 14

Fuel System Direct Injection

Injector Type Multi Hole Injector

Number of holes 6 holes

Fuel Pressure 13MPa

Fig. 1 Shape of Piston Top
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Fig. 2 Comparison of Exhaust Gas Temperatures
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Fig. 6 Fuel Absorbance for with and without Droplet
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Development of the Measurement Method
for the Spark Plug Fouling in a DI Gasoline Engine
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Summary

Gasoline direct injection (DI) has been widely applied to high-compression-ratio and supercharged
engines for better thermal efficiency. One of the major quality concerns of a DI gasoline engine is spark
plug fouling caused by dispersed fuel droplets at cold starts and warm-up operations in fuel-rich
conditions. To solve this problem, a new method to measure the amount of the fuel droplets attached
around the spark plug was developed, by means of a spark-plug-type optical sensor using optical
transmission attenuation. It was found that the amount of the fuel droplets was strongly correlated with
the number of cycles until the engine became unable to restart at a pre-delivery test and the number of
misfires at a warming-up operation. As a result, the antifouling performance of the spark plug was able to

be improved by controlling the amount of fuel droplets around the spark plug.
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Table 1 Engine Specifications

Engine Type In-line 4, DOHC

‘ '] m v Bore x Stroke [mm] 83.5x91.2
_Drop|ets-l . ’ - Displacement [cc] 1,997

"+ Plug sensor

Combustion Chamber Pentroof
Compression Ratio [-] 14
Intake Valve Fuel Gasoline
Fuel Supply System Side Direct Injection
Injector Type Multi Hole (6H)
Spark Plug Type Iridium Platinum Electrode

Fig. 5 Image from the Optical Research Engine
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Table 2 Operating Conditions during Cranking
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Ex7ay=2 hONTHEMR T Y =7 FTIE, KB F—EH=REE 10% (2021 4F) 2L,
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Summary

Mazda overviewed recent research trends in biofuel and artificial photosynthesis in Japan.

The biofuel, which derives from edible biomass, presents such challenges as improvement in

effectiveness of CO2 emissions cut, stable supply and economic efficiency, and competition with food stuffs.

As a means to resolve these challenges, inedible and high energy producing microalgae biofuel has

attracted a lot of attention in recent years.

On another front, artificial photosynthesis is available as a technology to greatly improve energy

conversion efficiency. In the NEDO project, 2.2% solar energy conversion efficiency has been attained in

2015, with respect to 10% target for 2021.

In collaboration with Osaka City University, Mazda developed a new artificial photosynthesis system to

synthesize ethanol from acetic acid using light energy, which is detailed in this article below.
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Fig. 1 Energy Conversion Technology
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Table 1 Main National Projects of the Biofuel from Microalgae
Company / University Stage Kind of microalgae Environment Product Purpose Fund
alternative fuel

1) DENSO - Kubota - Application Pseudochoricystis Fresh water -Hydrocarbon Jet fuel NEDO
Idemitsu = Chuo Univ. ellipsoidea =Triglyceride Diesel oil 2011~

(2) | IHI - Chitose Lab. - Kobe Application Botryococcus Fresh water Hydrocarbon Jet fuel NEDO
Univ. braunii 2012~

3) euglena - JX - HITACHI - Application Euglena Fresh water Wax ester Jet fuel NEDO
Keio Univ. ~2015

(4) DIC - Kobe Univ. Basic Chlamydomonas Salt water Jet fuel NEDO
2012~

(5) J-POWER - JGC - TAT 2 Basic Marine diatom Salt water =Triglyceride Jet fuel NEDO
Fistulifera solaris -Hydrocarbon 2013~
(6) | TIT®-Saitama Univ. *Univ. of | Basic Nannochloropsis Fresh & Triacylglycerol Jet fuel CREST
Tokyo -Tohoku Univ. -Kao Salt water 2011~
(7 Kobe Univ. Basic Marine algae Salt water Glycogen Bioethanol CREST
A.platensis ~2015
(8) TAT - Nihon Univ. - Basic Marine diatom Salt water Triacylglycerol Diesel oil CREST
Yamaha Motor - J-POWER Fistulifera solaris ~2015
9) Shimane Univ. - Kinki Univ. - Basic Euglena Fresh water Wax ester Diesel oil CREST
euglena 2011~

a)TAT : Tokyo Univ. of Agriculture and Technology
b)TIT : Tokyo Institute of Technology
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Fig. 2 Oxidation-Reduction Reaction of Photocatalyst
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Fig. 3 Energy Conversion Efficiency of latest Artificial

Photosynthesis
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Fig. 4 Concept of Visible-light Induced Ethanol Synthesis
from Carbon Dioxide, Water
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Fig. 5 Experimental Condition
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The influence of high-response heat insulation wall surface
on the velocity boundary layer phenomena

H JRH MR 2 e s
Tatsuya Tanaka Yuji Harada Yusuke Nakao
AR R4 IR PEsgts A FFgere

Tsugio Fukube Hiroyuki Yamashita

L

T2V OBGNER ENR KD BN TR Y, Z2OMERO—>L LT, (KEVRE - (KILBADBEEGS 2
BERBE~NBATS 2 2 LT, BERA A ARITIBNE U CIRIE L, WARRKARRIC X0 B Rom L& X5 5iEN
Brrsh T, 22 THlBW 2Kk L, mARKOEBEZRRET D2 L2 LT, SRERHEO
BRABZICER T 2BBAA N =X L2HLNCT 52 L2 AL LTEY, A#RTHE, ool
& IR PV A GO EME I IR E B U, B & A0 U 7o BENT B OSSR E N D A7 Al BE & B EARE
BEZFHT 5 2 & C, FRMELTFFEMEIMEEA T = X AA~RIETHBEIZ OV TH I LTz,

Summary

Improvement of thermal efficiency is strongly required for automotive engines. To reduce heat loss,
heat insulation coating of low heat conductivity and capacity to combustion chamber walls is proved to be
effective. To optimize the specifications of the heat insulation coating, it is necessary to find the heat
transfer mechanism between gas and the wall surfaces as well as the wall temperatures. For that
purpose, the heat loss process originated in thermal fluid near the wall was investigated. To clarify the
effects of turbulent characteristics on heat transfer mechanism, a micro-particle image velocimetry
method and a thin film thermocouple were applied to a rapid compression and expansion machine, and

the gas velocity in the boundary layer near the heat insulated wall and the wall temperature were
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measured.
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Fig. 1 Overview of Rapid Compression and

Expansion Machine (RCEM)

Table 1 RCEM Specifications and
Experimental Conditions

Bore x Stroke 89mm x 95mm
Compression Ratio 14.2:1

Compression / Expansion Time 98ms / 132ms

Infill Gas Dry Air

Initial Gas Temperature 298K

Initial Wall Temperature 298K

Initial Gas Pressure Atmospheric Pressure
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Fig. 2 Schematic of RCEM Chamber
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Analysis of the Human Ability to Perceive Reaction Force and
its Application to a Reaction Force Design for an Operational Device
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Summary

When a driver operates a steering wheel (hereinafter, is steering) a car while turning a corner and
controlling the car toward a target point, it is commonly assumed that a driver feels in control of the car
when the car’s steering characteristics allow them to easily foresee the direction in which the car will
move. This sense is known as a linear feeling. The authors have hypothesized that the relationship of a
vehicle’s response to an operational input must be linear to realize the operational feeling of linear
steering. However, in reality, a problem occurs in which the linear feeling is not felt. This problem occurs
because human beings do not entirely experience any feeling through its physical properties alone.
Accordingly, a linear feeling cannot be integrated into the design if a mutual conversion between a
steering sense and a physical characteristic is not enabled by modeling the perception properties between
the operational input and the vehicular response. Based on the above hypothesis, to truly experience the
joy of driving, the authors will analyze reaction force perception models and apply the results to a
reaction force design for an operational device with reference to operational inputs for all basic actions,

such as driving, turning, and stopping, related to driving that a driver carries out while turning a corner.
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Summary

To realize a safety driving system by V2V, it is essential to understand signal propagation prope
rties for the purpose of improving communication performance. As indices of performance, LCR an
d AFD are two important factors to be evaluated in V2V. But, LCR + AFD estimate model peculiar
to V2V under the run environment is not established. In this article, we theoretically derive LC
R - AFD of the V2V to enable the estimation of LCR - AFD with high accuracy using the angle of
arrival profile in the established model. Then, it is able to determine design parameter necessary
to realize desired LCR + AFD within an error of 1dB. This is equivalent to 3dB improvement as ¢

ompared with the conventional.
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Moving Trace:100m

Transmission Point

Fig. 2 Environment A

Transmission Point

Moving Trace:40m

Fig. 3 Environment B

Table. 1 Inspection Condition

Item Specification
Center Frequency 760MHz
Band Width 10MHz
Antenna Type Monopole
Antenna Length 1/4 A

Vertical Polarized Wave

Polarization L )
No Directivity in Horizontal Plane
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Development of High-Energy Absorbing Frame Structure
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Summary

There is an increasing need for compatibility between a lighter vehicle body for lower fuel consumption
and life-saving crash safety performance. To achieve this, it is necessary to increase energy absorption
efficiency with respect to the weight of steel-sheet body frame. In light of such circumstances, Mazda
developed a technology for improving energy absorption efficiency versus bending deformation for the
front frame, which is largely involved in energy absorption upon frontal crash.

In this development, the focus was placed on coupled cycles between the plane under a compressive load
and the plane under a bending load upon deformation of the frame. By controlling the deformation
behavior, including that after buckling, by plane-width ratio, the density of strain energy increased,
which then improved energy absorption efficiency with respect to the weight upon deformation of the
frame. As a result, a frame structure for greatly improving energy absorption efficiency, compared with

the conventional front frame structure, was brought into reality.
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Summary

In response to growing demand for lighter vehicles, we are developing steel/aluminum resistance spot
welding technology for the multi-material bodies. In that, the joint strength was found to be increased by
the application of zinc coating with a low melting point and minimum necessary amount on the steel
sheet.

Influence of the oxide film of steel sheets that have strength-weakening factors can be eliminated by
coating on steel sheets surface, and it can be obtained good joining by removing coat components at
welding. In case of low-melting-point and small amount coated steels, detailed analysis of the joint
interfaces shows that the strength-improving intermetallic compound layer in 1-2um thickness was
confirmed to be formed in wider areas than those in cases of uncoated steels and high-melting-point

coated steels.
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Steel/6000 Series Aluminum Interface
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Fig. 11 Detailed Result of TEM Analysis of IMC Layer in
GA/6000 Series Aluminum Interface
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Fig. 12 Detailed Result of TEM Analysis of IMC Layer in
EG/6000 Series Aluminum Interface
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Fig. 13 Pattern Diagrams of Effect of Coating on Steel to
Steel/Aluminum Resistance Spot Welding

4. EET7ORDHE

FARASR E LT GAMIC b AR #EA 9 5
e, Do XOEASCEETEN LAY = XA,
TR AOWEELEDTNDE, FO—HlE LT, #AM
NHDO®H o X R OPEHEEEZ B E LI Z2EBEE -t
R ERIT B,

Fig. 14ICF DWE Y — 2 ZRT, T4 72R%H
WRE[H] 2 e A 70 23 B B IS mV R 2 mE S5 2 &
T, %%%U%%iéﬁé L7, R ERED
EREHL D THDH, WESFRMNELFHIET 2 Z LT, Fig.
151278 L D IZFRZBREEAR T Lod WO GAM 356 O Ik
TEEICOWTHOEENAIREL 725, 4tk BRRLED
TR EAT, BEHITE L CoONAEEZRED S,

4th
Current 2nd
1st
T T
‘ I \Welding force
1 L1 |

time

Fig. 14 Pattern of Current-Carrying in Multistep
Steel/Aluminum Resistance Spot Welding
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Fig. 15 Effect of Multistep Welding Process to
Steel/Aluminum Spot Welding Joint Cross Tensile
Strength
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Development of Highly Functional Foams
by Microcellular Structure Control

CE VSN R

Tsuguhisa Miyamoto Megumi Kobayashi
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Summary

A foam injection molding technology was developed using super critical fluid as a physical foaming agent,
combined with a core-back process. This technology has been applied to production of vehicle parts. In
this time, in order to reduce the weight of highly specific and functional parts and produce higher sound
absorbance, materials were compounded with advancement of Mazda’s foaming technology: A crystal
nucleating agent of gelling property was added to a block polypropylene (PP) to form PP nanocrystals in a
As a result, the

cell size became highly smaller and the skin layer became thicker while the expansion ratio was the same.

cooling process of foam injection molding and utilize them as bubble nucleating agents.

This new method can maintain the drop impact property at conventional product’s level while improving

No.33 (2016)

flexural property.

In addition, the sound absorbance can be increased by creating nano-level fibrils in a

micro bubble structure by stretching cell walls in course of core-back operations.
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Fig. 1 Batch Foaming Apparatus
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35-ton MuCell® machine with core-back operation

Block PP pellet
+
Crystal nucleating agent 5.0wt% masterbatch

Foamed sample Dry-blend ratio 9:1

70 mm
—

Crystal nucleating agent 0.5wt%

a
somm The thickness was changed
from 2.0 to 2.5 and 12.0mm.

2

Fig. 2 Schematic View of Injection Process

2.3 4FEFEE

RV TN ORE RO BNE ISR EEA RS
(DSC) #Mviz, &MHHFHIE10C/min (FIE~230C)
—{EF1Imin— %R 10°C/min (230°C~=ig) & L, HiE
BDOWENT 0 7 7 A U HEfEE R Y, F - BHEREOREL
70T 7 AN DiE LR Z R DT,

TGN 1.26F OERIAFHE Y 7 L oK IamE O
221X, X#CT# Az, BIZEHEEFIX0.5mm X 0.5mm &
L, o FARKE»DNIITHT TLAmmE THLE LT,
7 — ZfENTIESDIRER Y 7 R A VTR, &KinkK
KOZERREZ R DT,

TSR 6 O RmBIAUG Y 7 L OKIEE DB
IZiE, XMCT TN MEENT o CThololow, EER
BHMEE (SEM) %Mz,

fF RS, EA S IE10mm, £ & 80mm D E M % 5l
DL, ARBREE2mm/min THIE L7,

WENEHDOT A FE—R1%, FEEY 7 L% ¢ 40mm
WCHIY L, HlEARSEL-0RORS U EED v
2 —F A 7 ThRE LTz, WERIEL, ¢ 40mmDFEEA
B 5 R E B O CEREANREREJE L, #
T B AP 13£200~5000Hz & L7z,

3. BRLER

31 #HRLRaxs

Ay FRIAEEE & AV CERIBE ) 5120 CIR N &1
7= & & OfEf b, Fig. 3IRT X 5 ICHiF 2 PP
TIXERERICHE L=oIcxt L, MR+ 5 &, Bk
BRIV IR IS & o e, BT, FEIRERE
#Fig. 417, FERSBEIAO T-IRE CRIESE 5 &,
FiFEZ2 AREPPCIIEREE Ot TRUEA AR L, K& <K
ELl, —F, MSEFIZTM LSO TR K
BEICRE Lz, ZORERND, bW ERD R

—131—



EQVE R E ]

No.33 (2016)
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Temperature : 140°C—120°C

Conventional homo PP Homo PP !mth
crystal nucleating agent

The crystal size was
drastically re_@t-.d.

I
500pm

Fig. 3 Crystallization Behavior of Homo PP with/without
Crystal Nucleating Agent

Temperature : 120°C
Depression rate : 8.2MPa.”'s
Homo PP with

Conventional homo PP .
crystal nucleating agent

The cell size was reduced and
the cell density was increased.

The bubbles generated on

- the interface of spherocrystal.

Fig. 4 Foaming Behavior of Homo PP with/without
Crystal Nucleating Agent
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Table 1 Mechanical Properties of Foamed Samples

Properti Unit Conventional Block PP with
opertles block PP crystal nucleating agent
Bending | \p, 15.2 17.2
strength
Flexural MPa 694 915
modulus
Maximum |\ 1825 1947
force
Puncture |, 10.9 1.8
energy

FEMEOREER BB RILE NS L T DR 572
W, ARG CEiEEZ RN (Table 2) . %
DOFER, BEEEIIAIA ECIRIER%E 20 TRERLEIC
ZENTRNEEBZ DI, HWIRREOR FIZBIL T Z o
hEaWweEEZ 5,

Table 2 Crystallization Properties of Foamed Samples

Block PP with
crystal nucleating agent

Conventional

Properties Unit block PP

Crystallinity
(Melting calorie)

Jig 74.1 75.0
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KA R U R IR ORI NI 2 B2 L, 3DFHE
FHMY 7 b TRIERRLERR = A R THlk L7 fE R & Fig .
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BAHIH VX 7 BANCH0.3mmy 7 F LTW5S, Fiz,
RIE R RES (FEH51.0~1.5mm) [ZEBTH &, #HF
B VIR TO0FL LAk S, RRRIEE1’105
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FRPEM A LT T2 L ST A,
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Fig. 5 X-ray Computed Tomography Data of Foamed
Samples without Crystal Nucleating Agent
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Fig. 6 X-ray Computed Tomography Data of Foamed
Samples with Crystal Nucleating Agent
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Fig. 8 Sound Absorption Properties of Foamed Samples
4. E5HYIc

BRI & a7 Ny 7z A G bR T4
TRV T, PPIZT BRI & R o fE diAl &

—133—



EQVE R E ]

No.33 (2016)

AL, FREHEMb S, AL L THERESE 5 2
& TRIOMRMb 2 LI LT,

ZORER, EFRRAEROMIGI T, KAz e
L, KW EZELOE S Z LT, REMEDORIMEZ M LS
T oRIaMEE EBTE ., ZAUS XY iR RS
oo, MRS RHFEULICRFFTE 5 2 L 2R LT,

EFTAFROBIERTIL, 27 /3y 7 REOMEMEEIC X
D, T LrIL Ol & Wl T RRE RO G VD IA A,
WEREZM ETED T ENFhoT,

e

2

3

4

(6))

6

(7

SE Xk

ININED - BIARREE R ZH W R T2y a2 — &
MoRZE, ~>v ¥, No.27, pp.21-25 (2009)
PRIED : CX-B~DFIARLTE R T EY 22— /LD,
~ YV X H#, No.30, pp.109-113 (2012)

EARIED IR EMNE AN KT E Y 2 — VA
EM o, REMLY R YT 1280h4E,
pp.29-30 (2012)

INRIED B TR L OVE AL 7 v Is B
J51,3:2,4¢cis"0-1 > H A F-E Z-0-(p- A F L~
JUF)D-VILE b= L OEKREEIER, YT
S, Vol.55, No.10, pp.613-627 (1998)

T. A. Shepard, et al.
polyolefin nucleation efficacy of 1,3:2,4-di-p-

: Self-organization and

methylbenzylidene sorbitol, J. Polym. Sci., Part
B, Polym. Phys., 35, pp.2617-2628 (1997)

R. Miyamoto, et al. : Preparation of micro /
nanocellular polypropylene foam with crystal
nucleating agents, Polym. Eng. Sci,, 54 (9) ,
pp.2075-2083 (2014)

Frir a5 - $7E2014-111478

mE &n

EA WA

B8 I e f- i

KRG IEH#

—134—


http://www.mazda.com/contentassets/0a08213f2c1e4ae0bce7f6e5be888636/files/2009_no005.pdf
http://www.mazda.com/contentassets/b25cc7649e164cdb93df76fe08d5e859/files/2012_no022.pdf

No.33 (2016) AV E

AW - RS

24 mEMERFAZEAL-RFRAEIOELR

Technology Development Process Using QFD
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Yoji Yamada
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BOERE LI LIHARREEZHEBT L EBMBELE RS> TND, ZOOIZIF— L —F—DFREEY
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Summary

QFD (Quality Function Deployment) is very effective framework to find relation between demanded
quality and quality characteristics. This tool is generally used to find the technical issue and the
contradictions among technical characteristics in order to achieve the end-user demand. However, since
the scientific development complicates whole society, it is very important to achieve social quality which
meets not only the demand of product user but also the demand of other people in the society. To that
end, QFD process is modified to find and resolve the contradictions between the demand of product user
and the other people in the society. In the relation table between the demanded quality and the quality
characteristics, the characteristic direction of relation is added to the strength of effect. The direction of
relation is classified into three kinds of response: larger-is-better response, smaller-is-better response,
and nominal-is-best response. The information of the direction can be used to define the physical
contradictions and the technical contradictions. The contradictions found by QFD can be used for TRIZ
(Theory of Inventive Problem Solving). Moreover, the direction of quality characteristics can be effectively
used for the design of experiment. The technical development process is developed using QFD as
framework combining TRIZ and Quality Engineering. The processes have been implemented into work-
sheet of the spreadsheet generally used. The technology development can be conducted efficiently and

systematically along the work-sheet.
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& DA & O K <, MBHFZEE RS I3 # &
LCEAVN=RERIZT Y — 2~ MHEZZHT 5
T Lo T D, BANMIFERT TITHEARBHF ARG LU &
AN H AH <A R LT-DoMAICE 5 /v (Define-outlook-
Measure-Analyze-Improve-Control) & (*DoMAZDA &
7 )b (Define-outlook-Measure-Analyze-ZoomZoom-De-

sign-Assure) ZHEEE LT,

Table 1 Seven Phases of DOMAZDA Model
7z—X FaTREREFTINT YR
Phase Major process and output
-BeiE/ REDER
JotR Define technical issues
Define [Process |- @REFIE(ARIIR) & BIREE
(E*%) Set the target of characteristics as metrics
TOrT b |BEMARHEE (R Y1—ILER)
Output Technical development plan (excluding schedule)
BALIRDAUN YRGIRD AU
JOotx Time management, Risk management
outlook |process |- AREIREE. -3 RNEARHELY
(Ripoa— Man power plan, estimate cost
LEE)

FIrTub B EE (R7D1—ILES)

Output Technical development plan (schedule)

BT BN AT L RA BB LU R IR

JatR Define current and similar system, confirm performance
Measure |Process AV AT LER &I
6: D) Define and analyze measurement system
TIRTvb | BTV AT LEEN. ARV AT LAHHER
Output Current system performance, MSA results
(AR EEA
Jotx Qualitative and quantitative analysis of issue
Analyze |Process FARED R [RAISHT
(4 47) Analysis of issue mechanism
TIorTvb |ERBHATHR. BT RESER
Output Issue quantitative analysis results
(RRERE. RREFER. R AL
Jo&x Idea, method and validation of solution for issue.
Zoom-Zoom |Process - BAHTRER, LT N EEEHE
(flE) Preliminary experiment, quantitative evaluation of concept
TobT vk [RITRERRRSSVRIER
Output Solution for technical issue and verification results
“ONARERE
7otz Robust design
Design Process CFa—ZUTERE
(Exat) Tuning design
ForTvb |HRBIESRT L TOER
Output Optimized system/process
FEARAML
JotR Prevention of issue
Assure Process - RETE AT Al
(f£EE) Functionality evaluation
TIorT Uk |FMEAY —, HEetE T E#E R
Output FMEA sheet, functionality evaluation result
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HERODMAICIZEBWT, Fu P FOFEREIT—
W2 I Define 7 = — X TIT 5 28, FHEIOEENEZ BIfRIC
T 5720, FETaE AWM U GEM L, BRI
Define 7 = — X &L Measure 7 = — A DI A ¥ 2 —)b
{ER A AT 9 outlook 7 = — X &BM L, DoMAICET /L &
MEATWD, E7HiBAzE & U THIERES e N2 MEE
B L, Measure” = — R|\ZHIEREE OMERE 21T 5 MSA

(Measurement System Analysis) %, Improve” = —
RITANA RREHEAT O T2 DOME LA BML TV D,

—J5, DoMAZDA ¥ 5 /X Table 1159 Xk 912,
Define (F3%) , outlook (F+#) , Measure (HIE)
Analyze (3#T) , Zoom-Zoom (Ali&) , Design (5%
), Assure ({RiF) DTOD T = — XA THER SN TV B,
DoMAZDAD A FRIF4 7 = — A DL T E M ->72H DT
DFSSIZFHY4 4%, DoMAZDAES /L% DoMAICE T /L
TIPSR TE RV LD R BE a7 v 2 2 IS mn
WETCTRBRT A% T a2 LAEST TS, ERICIE
MBS L CDOMAICE 7 /L & DoMAZDA & 5 /L % #H.7
HOETHEILAELH D, KETDoMAZDAE T /LD
B NE RN T 2,

3.QFD Za7ICLI-REEMARTOER

31 {t## & LTOQFDER

FHRERPH R 7 ZDOBBIZBWTIZE Y W\Wo iz
HReZ 7= 5 e L, Bl B ENIEFICEEIZ /2
S>TL B, TNEFERTDHY—1 Lt LTQFDAIEFICH
HTHDHEBZEZ TS, TIZQFDEH DY —/)L & LT
ERAT20TIEARL, ARSI AR MREEY Vo &
NIRRT e e 204 A L LTUERAT S 2 ik,
HABRATE O ELE 2 KBS ET 2 Z Ll cx s L
&% TW5h, DOMAZDAES /LIZQFD& a7 & LTV v~
I INTEHMHE e 2 TH D, LT, DoMAZDAE
FINDET 2—RNZDONTIRRS,

W~

1. BEEEIOER
Environmental recognition process
. 6. HRFEATIOER

Contradiction analysis process
HRBFE Contmtiction
RERME Quality chamcteristics

4. REHERMTOER

2 HR&ERERR Quality characteristics |3 HIRE S A
7otz a deployment process 5 otz
Perceptible quality L) L Perceptible quality
deployment process & HESEE 5 analysis process
cenible | SRATEDERE "
Z IT:[:“ te Target| perceptible quality

5. BEEMAFTOER SESMEEE Tavet qlality characteristics
Quality characteristics BRAA  Prioritized)items

analysis process ‘

7 HiEREREIOER

Technical issue seiting process

Fig. 1 Processes in Define Phase

3.2 Define (FH) 7x—X
ZOT7=z—ADOBMIL, HEIFRET —~oO BB - BIE
K OHAREE I L CT—~ &2 b T A & TH D,
DT 2—=ADT U Ny MIAF Y 2 —/VE S EFRW-
R EETH D, ATV a—LOEFITROT = —
X Doutlook 7 = — A TERKT %, Define” = —Xx7' 1
Y FORTHFICHER 72— A THY, QFDEH
MZIEH LT3, Fig. 1iZDefine” = — X &K 357
ODT R AERT, 7P, WEFHERET me X, BE
BT 7 e A, WREHESHT 7 a2 A O TIISLE
(2S5 U CAnalyze 7 = — X CHHEHAT 5,
(1) BREGRM T mt 2
COTRBADEERAT v L LTHEDERN S
%, BEDREMEIZL > TRDOONDHERNEDL ST 500
5TH D, B - a2 2B T A4 TES
ED XD RBFREMBIT 2R RET D L NEET
B LTZBRICKR LU CHREET 2 045 - 317 e & R Rk
ERET S, FEmCH T e AT ED X ) kkEE b7
HLNFFRED Lt LTl TEETH Y, ZnHiE
STNDE ZNLEED 7 = — XN DNZEBEI TR T
TuY=l FOREAERTI RN EITRD,
R E L CiE3C (Customer, Company, Com-
petitor) T #4T -7V, SWOT (Strengths, Weak-
nesses, Opportunities, Threats) Z#HT CTtENFDEREE,
BALDRALF A2 i LT 0 32, FRIZSWOTHHTIC
BWTIBUEZ T TR FPRIZBWTiRA L 72 5 & Bbi
LHM AP SN L TRE, BIETFERTERITHIREE
IZE DEMIZ L > TEELTX 2ERMEZENHED L9
L TR, ThLDHERESHIZL TUTIORT Y
0¥ A2 &> TQFDD S £ Z1ER L TV <,
(2) FNTEAERB 7 7t 2
IV ESR B E R LRI D Z L AE N, FRE
BREATEI FEbNDONRT v r— oy L— Al L
75 < 5V0C (Voice of Customer) TH DAY, BT M
ICBT HVOCTZT TIHELT L b BREENMETE 5 L5
R LM OERGE 2 HEETE 2 LITRO20, FFIC
EEOHTH T IE & TN D S OIZ DN TIIAEZEO
TRER OB ACRBEEL 2 THI L, BAroERIT LY
FERB 7 ITHRAE T X AMEIL AV Dy & D R CER S
2B - B D ZEBRSLETHD, 0L RERIC L
DELREE EMHETIS, BERPBHRTEDIME LWV O E
WChx THRMEE W) FHLE>TWD, MEHED
BBRIZ IV TIIANR L 72 3CH T oSWOT 4 Hr D it 5 2 fif
> TRAAVOC (VVOC: Virtual VOC) ##EL, ZFic
EOWTHERERREZITY, 29 LIV MAIZL v BED
BEEDRD ZVOCIZMA T, HAETHRORERILAR
WASEERIZB R & L TR TE 5 & 5 ZRIEEN e
HRME DHMET X2 LTn5D, EEFITHRY A
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T LO—PF =T OMENEEBET DN, 22— —LL
TG Y AT DDA Z T MO NOFIE SR
VAT LERD B ASOMRENE L EE L A SR
A ESRRTT S, ABIEOBE,  [HTEOLREMEN
WV R B A=A NEN ] R ERBEZ LD,
(3) HHAE ST 7 A

B LR E R b B CTHENT 5 EAME
(EHERE) ZRET D, MW E L BANCIER I <
S B S D D TERDOIEELNRINTAT D 12D D
B CEAULEITY., EAMLOREL LTIL, EBROBEE
HOVOCHEZ S, WEHHIEE, EAMNEOEE, &
& LToOR, it Fe— s R 2R L CHE
BEEZ DT TV,

(4) SHWEEFERE 7 ot X

ZO7at A0 HITAELEEZ R S 70 O 5B R
BEFRTHZLETHD, BT ot 2 THIH L-mi il
EEBT LI OOMREEZTEOT, Z oM, HEEIX—o7
T EERS 72V, FEIT Vb 5QFDTLL b
DHEBERBUCT B2, TISHPNfE@E L CRERZE T S3E
FBREFRRT) 2T 5, ZoMEHREs S5
U CHSREDZERE 2D A R U 7 A (WWEFHE) %2785
b, —HRICEERIERIC B TR Rt & ZR S O BIR
130, O, ARE%ZE-TRHROMEE T E2R-THELS
W@ Al VBRI B RO G O3 R B R 0
FJE DR REDRINATAD L HICT DO TREIT-
7o BITIFHED 7 = — X DZoom-Zoom 7 = — A Design
72— RBWT, K7 x— A THELL LSRR
L CTRIZRMWE L2 B ICEATE 2 L 51T 57
HTHD, BRIITILWERE D &R~ DR
BERFE (REVHRREYY) , Z/NFE UhSWHRR
V), EEEHE (RERESFET D) O3 HEL,
FIZZFORBEATATH L 912 Lz, F5l & L TTable
AT X O e EE AW, MREAE (FRME) &6
B D BRI 2 Table 310, AEDENIERDMER
THOENSEH LB LIZWEETH D, 1EkDME
K TIZOROTEBROME 21T 2R LTWER, HLV
BRTIHFEROMSIINA THRNEEZ B 5720121
SEREE L) TIUTEWDR D L oo T D,
Table 3DOFITIFENZ L T2 72 OITILHIESCHE 2 K
LTI VI EERLTWA,

-
£

Table 2 Marks of Quality Characteristics

SRR O 2K AR~ ORER | TEREA~ORE

Characteristics Large Effect Small Effect
Larger-iiifﬁl:%es ponse A A
Smallcf-is%-l;i\tﬁrﬁl‘écsp onse v v
Nominal%-l:l‘)fl’r;gesponse L4 o

Table 3 Example of Quality Table

AR R
Quality characteristics Quality characteristi
-8 2 E|T 2
= 5] o a1 -
EEl H EEESAE TS
i 2| @ c \bg’;g,ﬁ;w}ﬁg I
= T ‘@ T P Y
5 ST N
wi <| 3w
HERE AR
Perceptible quality Perceptible quality
AP ol o ESLUNY Al a
Large cabin Large cabin
NN THD EHNBHNTHD
Quiet cabin © ° Quiet cabin v N
B R o AR v
Good fuel mileage Good fuel mileage
HBATHEOLZRH N o BATE DL A
Pedestrian safety Pedestrian safety
BEEAN—2BNEN o | EEAN—2p s g
Easy parking Easy parking
TEA D i TTF BFLVMER

Conventional Quality Table

(5) AERHESHT T 1R

IO RO RBMIIEELRMESEEER TS LT
BT R WEREO BIEARETHZ L THDH, R
PED BIERREIC B T D FELLEL T 0 VB MR A A
R AAOBUREES) 72 & % bk U CHSAIC BAE A 32 E T
5, ZOK, BELBUROMIZKE Xy v 7RHY, &
WOEMOSETER TE WSRO T L—27 2L
—BEL DO TENERINGEEE L TRET 5,
Table 3DFINZIWTIREFRHED 22535 (X 2hIC
BRI 2B D TENREHNTHD) ° REBRWV
BYET D201 & BICE/ N O CRIEN 72 <, 3
AENZIE TP IS NRE TG T RIE X v, — 5,
SRR THIE) 1X, ARSEO [EAREW) 2
THEDITIIREVGTNBVD, MFENED [BEE 2 —
APNNEN] ZWETHIZ0IE THIE) VNS WERR
WO THERERRICFBERE LTS, DFD [HiE)
EREWEREWL, /hEWHFRRWEWNWS Z LT, Zh
IXTRIZ TV ) & Z AOMBENFIEICAHY T 5, WEF
JEIXEOFEROTEDE E TIIAERETE T, RHESCEM,
B DI THREL TRERT 5, ZoBl0%E, FidEd
DL EIFHEEEZ/NESLS L, AR TVDHEE GHliEd %K)
FHIEZ KE S THIERV, L) 0o THEBLT 2 0 03Hii
PR E 72D, Table 3THRLS Ny F o 7 Sz B FEIE
ZFNEERTHEE LS TNDHILERLTND, 5FETO
ER TR 2 WEFEMOFEZ ROT 5 2 %75
TWEBRZENBIITRIZTW S & 2 ADHIFHIFETH Y,
AEIOTRIZ I Y S ERENE B IROMPRNF )G & R 5 2
EMTED Lo Tz, TNBKRERFISTHD, W
AT AT TRHR VAT AL ER LTSN 2%
ZHET I LIEWHEIFEIIEICEZ T %, 25 LIz
BRRF G & R 5 2 L AR 2 FEH 5 ETIEFIC
HETHY, BEITROLATNDHIETHD,
FEBIABR O T & 2 BT HEEERE R —>—D
179 2 LIRNEL, FRRAKETE N LSS, Hilks
NTWDLERHEY 7 b aflio TWERZIENE, £5L7%

Proposed Quality Table
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AL LEPICZ LM TED, & TN EE
KWV IRERME 2 1E, RUINC TR 0T & EmExo
FLERIE L TWE M E S 03 &2 B L CTable 3D X 51
A OEFOGE BEIPIIE X5 L 5 IR ETIUTEL
FIEEBGRET Z ENFRETH S, FFCHBEIE TIE=<
SADHBEMERHDHDOT, EFICRKERWERITR M
HTHDH, DX RGETHEBICIYENAEE B
FBZEWTE D,

(6) EHEEST 7 a2

o7t AOBHNE, HAHMEREOETIZL A

DONERHE~DEEEZHLNCTHZ ETH D, WHILM
BEROBBROE T TERLTHINEIDET = v 7T 5,
ZOF =y Z7iIHe 0 EERD D05, FRZHBEN R L
DML AT DB W TUTIWERENZ L R DD TED
BEAIEE L, 72 & ZIXRERMER 10l S 5556 TH i
BERHEMOF = > 71390 Y (10P2) OF =T &b,
ZZT45 Y (10Ce) TIHARW DX RFER ORI
FTLHAWERHD LIIR LN NDLTHS, ZOF =y
7 BNRNAT 9 12O D 7 v A CTREA L S R
(%k,;m,%ﬁ)@%ﬁéﬁ@:ﬁbo

Fig. 20289 & O ICAERFERE 7 2 & 2 TR L7254
AR~ N U 7 AT L FNCEERR T B, 2ol
WCBWTRERED THIE) NEXFMEROT THiE %
K&EL LA~ R 7 A0SR L TH D hofE

NEBEZ D MEEZ D, THIFE 2Kk&x{LTH
(R T LRV TSP 13R&E < b
BT LD T MU 7 ZADBIC EAE O AL i
35, [5G BEROSEREINSWIERRNOT
YINREE RV ENRT D, ZOEMITRIZTH S & 25
DEIHIFEITFAE T D, ZHEMRRT D 2 & A EIRE
7D, LIFULIERERE LTWD U AT AT OME R
MO IKMEEMHR LT, (RN H MO AT ADE
BPEIC L CORBEREE L CLEI> RS D, TD
FEHAMAREZEDTLE D LB THO Y AT LD WE s
PRICEREEE RIFLTWND I EICAR2ERERTRY O
FK &5, €5 LI &<l LTNE TR
F A EBURT AMMD L AT LD SE A E RSB L,
SRR E R AR T AN H D, Fig. 2041 T
WERED THIE) 2 K& TDHZ EICXVZEFH AT A

OEERE TREMERE] SN S L HFICEEEZ T 50T
HTRLTWD, 29 LEERFFEOT = v 713, RIFIVE
FHE Y 7 P TERTIUE, Fig. 200 & 9 105 & El

MEEME-> TENOWRIZBEDTH I & T, HHICYXE
HEWRTDHZENTED,

A7 v A THIM U7 IR P & Crll o S8 it R
B~ v A Chhit U 7= BT J& & RS T2 72D D
TAT 4T 2HT DII%iR T 5 Zoom-Zoom 7 = — X T
b, Zoom-Zoom” = — A CIITRIZ7: EDOFiEEFE T

DFJEEIFRT D, 2O DEEOSERFED m /2 B
ZHERT DITIEME LTV D & 2 ADEARHERE
T2 2 ENLE LY, MELFOHEMIIHET 2
Design” = — X C{7 9,

R
Quality Characteristics
kil A 2 AT A
Quality characteristics - A/C system

Width

IREDI R v ZERHEHT
Good fuel mileage Acodynamics

RmER ST~ R 2 2
Quality table Quality characteristics matrix

Fig. 2 Quality Characteristics Contradiction Analysis

(7) HAfriERRE 7 A

AT 7 1 A TR S F &P i, &
DVTEEMREE OX ¥ v T e EEBE L CHINREE &
#7T 2, INHEFELOTHINATRKEEFIZLH T 5. 72
BHEAIBEREFEED 2 7 ¥ 2 — )L OERS F R Doutlook 7
=— X TIERT %,

3.3 outlook (§tE) 7x—X

IOT7z—ADBMIET e Y= O BIEEEKTE
DEINCAT TV a—NET, EORT Y 2 —/WIHSN
THEWEREITHIZ L ThD, U A7 ZFANAEL
TY AT FAERFOEEL F/NRIZT 2 KO IS E LT
BLZEBEBERAWO—DTHD, RV x) hvRY
AV NOER LB ZFOIZ L= > TWBS (Work
Breakdown Structure ) <> RBS ( Risk Breakdown
Structure) ZAIERKLL, FHITESWTEBEZIERT 2.
7B, TROOERICHIz-sTET Ry 2 bRV A
kY7 NROMEEELY 7 FEEH LTS,

3.4 Measure (AIE) 7z—X

ZO7 x—XDHIERET 5 AT AOMREE JIE
THHE AT LEERZL, TOMEL AT LORHEEER
FETHZ ETh D,

(1) WEATLER T nEA

BT DHVAT AOMERERET D DORE Y A
T AEEFRTH, BROITITRIE S AT A ORERSOHIE T
lE7e E &2 SMMIT D, b LGET DI AT AOMRE
WETE 53 AT DHPED FIZIFE L2 WEA 3 7 ]
EVAT LAEEERET HILENDH LD TREITGUT
DoMAZDA%f# -~ CTBA%3 5,

(2) WET AT Lo (MSA) 7'rt 2R

AR (1) OF ' ATER LILHES AT ADOREE
MR 5, BAAMICIZZ —PR&R &M B HETH
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N E MR T 5, WEV AT LAOBENRR+HTH
DAL, WEVAT LBKE DDV AT LELTED
Z, DoMAIC7: & &3 L CRIEH E 2 BT 5,

3.5 Analyze (4171 7z —X

BT & e D HTBERS & U CRIBEZ EME & 5 W
EBMIZOITT D, VAT AT uk A EHIEET AL
TutAvy P TRA 2T D, ZOR, %ibd 5 Zoom-
Zoom 7 = — A DTRIZX°Design 7 = — A D /& T % %)
A LT WE O ITWE - HE T VORI, 3R
ZR T 72 E PRI LTEBREE T Lo nE Av » T a R
KT 5, ZnbDER%EH > CDefine”7 = — A Crtdi L
T SRR RREE, SWERRESAT, W ATV, B
TREHORIE AT 5 . WEFFEOHE A TR TE RWES
VLB U CEBRG L LIC L D PHERZIT> CE
BT EAT D,

3.6 Zoom-Zoom (Bl 7zx—X

ZO7 = — X TEEEMREE R T 272007 L—7
AN—CRDTAT AT HRAET D, £SO T7x—X
DEMBIRE O 2T L7 b, AT AOAREIIZDICEAT
T T2 & ZABRKEL, FEELEITTREMNICLT
BWERDEOLND LWV bOTEHARY, LNLTESE
JA BARE) ORENERKBHEETE S LR TREL
BCThD, TAT 4T ORAFEICIITRIZOETEHT 5 & A
IR ENH D,
TRIZO—EHI72IE A7 0t 21X A5 ARG OREE
—H, TRIZO—fMBEICE #2%2, TRIZBH->TW5
EE X ERMFHAN— R ETEH L CTRIZO — & B 72 iRtk 5
EHIHT %, £ L CEO—RGRIRREKRESEZIZL T A
T LEH ORK ZRAIET 5, TRIZAZERT57olcy
AT BN S ORI EBIN T B R E R T O HERH
575, Define” = — XX°Analyze 7 = — X TQFD D ih'E
RAVEH L TR JEOHATET B 2 SN LTl
X RANCTRIZAIE AT 2 Z L3 vREL 72 5,

3.7 Design (8%fH) 71 —X

ZDT7 = — XD HINIHTO 7 = — X THA AR % fif ik
L2V AT JMZBWTaEAR MEZiET D E LB, H
AL ODF 2—=0 TE2ITH 2L ThHD.

(1) mARREE T mEA

13 A R EREFOIEARN 22 B 2 07 I LA BR R R A TR
FRITBR TR TO ) A KK LT AT LOBERENLE L
T KOV AT LERIT O L THD, /AR PR
HOFILELE LTRETLY /ST A—2FHORH 5,

(2) Fa—=r T Fnt=x

VAT AWBEREN DR - BIEEIZE ) LI TF 2—
=T EITY, Fa—=r T OFEE LTIV AT A6

CTHIS LW EE RS,

3.8 Assure (ff5F) 7z —X
ZOT72—AOBRMIIRELS Zob D, —DIFHFL
T LOWEHFe T it 22 ko TR A2 2T 5 b DOICRIE
DE TN L D IR AT VLB U TR A T2
ZEThHD, b O —OIERRRE LIH LIRS 2 AR
WERDBDICHARTHH THRRELTND Z & R
2L THD, HIETMBRIOICKEE— FREMRT
(FMEA) 72 &3, #%FIIBEREMRMN & v 5 Fik
NEHLN TS, FMEAIZY — FOEAEZHD L Z LI
EHFLTLEORLED, RIKR, L7255 & 20
N Ko TR ST 2 B E 5 OfhEE — R ERUERIC
el b Z ENEETHD,

4. BHHYIC

HIRBHRIIRI G L 72 DV AT AN S E S E TR
FoB e RAEHBE LI VR, 4, QFDD M
BEEaT7Ty—nEed5Z0i2kY, TRIZRWE T5%%
EEINIER T 5 Z ENTEX RO D EMNFR T o
T AEWES D Z LN TEZ, DOMAZDAE T Vit —
T MHE L REEIND 7Y — oL MIHED ALY
T AWHEIZIR W THE L, Fli O 7 v & 2 Ol
B 7e Y= MIEHLTWS, 4%, FICHREFED
TAIDICHED B LWFEAEA LY, BEFOFiELY
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ABMEELTNETNEBZZ TS,

SE 30

(D E—F— ST
A, AARFHREL (2002)

(2)  REEIEIZA - SEREBE (1), BREGE (1990)

(3) Project Management Institute : A Guide To The
Project Management Body of Knowledge, Project
Management Institute, Inc. (2005)

(@ FLb e = AF3  BSRIEAEET (TRIZSEE &%)
M) . RIEBIEA =27 F 7 (2004)

(B)  HEED: BRRZ 7T AV v K, ARHEE (2009)

VI AV T e T

BE #l

I s

—140—



No.33 (2016)

AV E

MW - RS

25 FTFaII-YIOUF RLA—Y—=EFETEDORRE
Development of New Manufacturing Process
for Natural Sound Smoother

ARz HE3

Takeshi Motomuro

I ORBT g B

Hiroaki Tanaka Masayuki Funatsu

L

SKYACTIV-D1.5= > P iCiE, T4 —BAZ DD/ v I EEEET MO0 ESE LT, ARV
Laxr 747 ay REDRISER N EYORIICEATIT N, AT Iy 7 —& LTHIET D
FFaTn e Fyr R ZRL—H— (LN, NSS) #itFcHIO THA L7z, NSSOMmEAie I 2ME
EBETLEE L CHET D720, MAMTEEEOm L, BEESEOEHE, BEEEEOE D AR O
B2 TIEOBRICE Y A TEREIC SO TR 5,

Summary

Mazda has mounted the Natural Sound Smoother (NSS), which is installed inside the piston pin for
connecting the piston to the connecting rod and acts as a dynamic damper, on the SKYACTIV-D 1.5 diesel
engine for the first time in the world as a technology to reduce diesel knocking sound. To ensure stable
and high quality of the NSS in mass production, we developed relevant techniques for, for instance,

quality control of assembly, and measurement and adjustment of frequency characteristics. This article

introduces the process of the technological developments presented above.

1. [FLHIC

BREEMOEEY L& LB, RAETLT 4 —E LT
VUVOBRHANE X TS, L, Ta—EBrzoUr
A YU = DA TTREEN A B e, B
TIEH Vv AcEy, LT —8BN ) v
DR BRETH D, SKYACTIV-DTIZZ D/ v 7 FiK
WODT=8, T I~X—ABAFEO I CTRREENE ) 2 KB 5
HIRB LB DRIV A TN CE D, =
D7y 7 FREHEM OO LS L LT, FiziclEsnzr
FaTn eV K AL—F— (NSS) 2nSKYACTIV-
D15 YU CHATHID THA SN T 520, it7y)
Bp 2 \ZBE TR LIFIN <, T OMRERKEFRET
EDLIDBEET DHOIE, Hilch TIERKLETH-T,

2. NSSOtEE & ¥t

21 NSSO##E
Fig. LWTRk$ X912, NSSiFvAR bt axrss 47

7y REDRSER M OFRIHAF T B, Fig.
2EED L HIINSSIEF /=L T A hOAERGH TR S
nNTEY, EAMECOWANLEASNDZ LTIy
T UWNTORERS IEFSRE A i 2 7oAl & L, HICFig. 24
DEIHCEAR MU E U ~DHMBAITHIZT A FO—H%
ML TH A= L TR0 2%, H—D%E
WHT oV UNTIHE LRV E SIT LTV D,

Piston Pin

Piston

Connecting Natural Sound
Rod Smoother

Fig. 1 Position to Install NSS

*1~3 ST — b LA BT
Powertrain Production Engineering Dept.
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Piston Pin

o)

Damper Weight

Crimping

Damper
Weight

Fig. 2 Structure of NSS

2.2 NSSOHE

NSSIZ# A F 3 vy Zr—L LTHREL, Fig. 3ITR
I L S ITREINERF O 3.5k HziE DT 4 —8 I ) v 7 FD
BN RR DD, Fio, BEURBEICERT D E ORER
TN L, W CHWENZEDLWVHIROF I
T 5,

Sound Pressure dBA

1000 2000 3000 4000
Frequency Hz

Fig. 3 Effect of NSS (Interior Noise at Moderate
Acceleration )

2.3 NSSOREH#HE
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Fig. 5 Sample of NSS Inertance Measurement Result

3. NSSHE T 28Rt

NSSOHFESE - I T THITFig. 6D & B0 Lleo T 5,
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Table 1 Prior Study Items
ke Method
Qanping Method | Clanper Shepe Test Uhit
Material T
Clanping Force 1
Positioring 1
Sheking Method Inpulse Hunmrer or Srell Sheker T
Directly or Irdirectly (Ecuipent Marufacturer)
Vibration Measuing Measuing Accelerometer or
Method Instrurert Laser Doppler Vibrometer Test Unit
Repestability 1
Difference inmeasured values T
NSS Spec. Dinersiondl Tolerance Theoretical Caleuation
Test Unit
Tenperature of NSS Themonmeter/Test Unit
CAE
Suface Appearance Test Piece/ Test Unit
Differert Resporse Frequercy Test Piece/ Test Unit
inBothe Sides CAE
Laser Doppler
Vibrometer
Impulse Hammer
(w/ double hammering
Fixture prevention mechanism)

(machir\e vice)

Piston Pin w/ NSS

Measurement points

S

Fig. 10 Test Unit for Inertance Measurement
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206 50th Anniversary of MAZDA BONGO
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Kenji Tanaka Norichika Inada Akira Sakaedani

C

19664FE5 A IZHEAE LToAR I3, A4 (20164F) Th x 9 Litid, 50E0HiE 2z 5.,

AR TEINETIZIEDOET N T = VET-TRY, BUTET MR BIZHTD, BlT7T7 vy b 74—
AERALESRE B THEECSSENMRIB L TWER, Ry IFHETHENTS C16 B LB
TEBEPTH D,

IO AFT—F =P LRI, ZOEOLD EEHEE—7 =1L iED T, EREUE
1 EVWOERa T NMIMALDD, T v E2ELAEICABS (Antilock Brake System) A% L,
BB b, PR 2R OFEEWE O E Vo 7% A - BRBTERE A P B R T o2, T oM, v v—%
L LBHEDT v 7 2{To TS, Fh, ATHICEBWTIE, ZBbLEF T A3 vy a v aHAL, A
L= TIBRVED ZRBE LT,

Summary

MAZDA BONGO, which was first brought to the market in May 1966, marks its 50th anniversary this
year. The BONGO has undergone three model changes in the past and the current BONGO is the fourth
generation model. Thirty-three years have already passed since the third generation model, to which the
current platform was first adopted, was taken to the market. Over 160,000 BONGOs are currently out on
the roads in Japan.

The BONGO which performed a minor change has inherited its basic product concept “Vehicle for
enhanced work efficiency; Large loading capacity and brisk driving”. At the same time, ABS (Antilock
Brake System) has been mounted on its all models including trucks, and safety and environmental
performances have been improved as manifested by enhanced fuel economy and reduced emissions of
substances of environmental concern. In addition, the new BONGO carries a stronger chassis and offers
larger loading capacity than the pre-minor change model. The number of gears of the AT car has also

been increased from four to five to deliver a smoother and more powerful driving experience.

NaELte R T) 1%, 19664E5 H ICHIREEA LK, %<
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Mz A2 ENTEE, BAOEERFAKES LY, HEC
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BRDINEE Y X2 -7 v o =YX 5] O
265 X HEmtEom EL &bt TiTo7,
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NES] 2@ T THARFOME, ¥

SRIO~A F—F = UTIE, T4 - BREEMERE] O
b, =Tz <, Zhnbodia—Y —=—X|IG

W=BET, MIPEHE LTI —2RETHHEL LT,
BEDETNANT = VN OO~V T —F = V%
TV, BEEO=— X DKM LATED R EE2 Y 7235,
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202041 21F, B TH Y ey IS D, 2
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—F LIEATN) EMEJA < A U ClRIRRIC TS A L Table 1 Main Model Change and Minor Change
Too WMRAN Y TR OFHRIT DEHRIR) , Rk E&id b _
_ ) o N . Yr:Model Change, *:Minor Change
77 C460mm, /3" CT450mm & 2 j(}\@ﬁ?ﬁi £ @1& 1966 May vk First Generation BONGO release
Sk LT, iiﬁ;fﬁl X 5%%@%%‘[%5 LVE%ﬁﬁéKﬁtf’_ 800cc gasoline engine
LX 9L . Rear-engine Rear-drive
; _ N o 1968 September * Changed to 1000cc gasoline engine
F2, T v DO2BI Y e AXDOREYA R FTR
NUROT TATEHLIEAT A FR7E, R 7EEHE
AR=ZTHMEILTED LI TRLIEHEDT, 77 RAY)
BHAOMAIN LD TH-o7= (Fig. 1) . )
WENOT A T LY, AR —Y—IZI3HEET, PR 1977 August iy¢Second Generation
Ko ax, ¥y T A—A—FID S F =T L LTt AR (Adopted small diameter double tire)
1300&1600cc gasoline engine
BEL 7=, )
1979 October * Added diesel engine
1983 September # Third Generation
Renovated the platform
2000cc diesel engine
1400cc gasoline engine
it :
\ 1990 July * Changed to 1500cc gasoline engine
$ 1993 September * Changed to 2200cc diesel engine(Type R2)
1995 August * Changed to 1800cc gasoline engine(Type F8)
Truck Side Door i
1999 Jun yeFourth Generation
Fig. 1 First Generation BONGO Change body structure
for crash safety improvement
. (Specialized for commercial vehicle)
22 28BAR>3  1977.8~ 2003 December| * Changed to 2000cc diesel engine(Type RF)
197 IF2MR B AR T2 R5E, 0k, B ~H adopled DPF
LTWex o DU 2Rl OEEEF TICB L, ®E7 /TR
W IMRE TN EA Y ERA L, 2 kb, BEOA
CTWem=Ea2 77y M ORIRObDE L, FERD Mk
‘fi@ﬁﬂj:’%of:o BATXNTABHRIZT T > ]\f@{f&ﬂ‘{ 2010 August * Changed to DOHC1800cc gasoline engine
X, T o7 TIET T2, NN TUTHESHITH (Type L8)
D, MHIKRE A LT Neb 2T, 7219799121,
T4 =B U SR LB E L, D7 TR
DETT A —BNLTZ o P a2 YO THEE L OB R FT .
Hote (Fig. 2) i 2016 February | * This time minor change

R o) — XM BICKE v b, A5FAZ =%
5y MR L, ~ Y FOENT 4 —F— Ok R iR
ot 2R T Y — ORI, FOBFAY T
ZDIEK BRI ~D—FBALIE LT,
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Fig. 2 Second Generation BONGO
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D, =7 IR EORyITa—=A GO TV XEME
B LChHT I =%, - &5 EELE,

Fig. 3 Third Generation BONGO
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*]1 : Diesel Particulate Filter ; 5 4 —E/L o P D
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Fig. 4 Fourth Generation BONGO
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TYA B —EET LN L S EAREEIZ VT, 33
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i B
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*AT only for 4WD 5door Highroof

Fig. 5 Car Model Variation of New BONGO
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Fig.6 New BONGO (DX Grade)
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Introduction of Mazda Specially Equipped Vehicles
(Driving School Vehicle - Welfare Vehicle)

HH B A HE MRE e
Kenji Tanaka Shingo Matsumoto Mitsuhiro Nawata
e ERT

Yasuhiro Shitamiya
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Summary

Mazda driving school vehicle is a vehicle equipped with necessary features developed based on a
production model. About 1.1 million people newly acquire a driving license every year, and most of whom
learn how to drive at a driving school or driver’s training school. Mazda’s driving school vehicle is tailored
to exactly correspond to the instruction guidelines used at those schools so that trainees can learn driving
basics: recognition, judgment, and operation there. Meanwhile, Mazda’s driving school vehicle, which
serves as a running billboard, is based on the stylish and easy-to-handle mass production vehicle so as to
help attract customers to the driving school and training school. It also offers high reliability and a sense
of security that only products by a car manufacturer can deliver.

For welfare vehicle, Mazda developed a ramp-type wheelchair access vehicle, under the development
concept of “placing top priority on ease-of-use for caregivers and ride comfort for those receiving care”,
becoming the first Japanese manufacturer to bring it to the market in 1995. Since then, Mazda has
expanded, its lineup of welfare vehicles; wheelchair access vehicle, lift-up seat vehicle, swivel seat vehicle,
and auto-step vehicle as welfare vehicles for care. Mazda, as a car manufacturer, is striving to offer

welfare vehicles equipped with functions necessary to meet customer needs at reasonable prices.
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Care Type i Wheelchair access Vehicle |

want to get on and off with
sitting down on a wheelchair

4' Lift up seat Vehicle |

want to move to seat
from wheelchair easily

—I Swivel seat Vehicle |

able to walk by oneself, but want to
sit down on seat easily

Al Auto step Vehicle |

able to walk by oneself, but want to
get on and off a vehicle easily

|_| Own operation
Type

Driving auxiliary equipped Vehicle

health is inconvenient,
but wants to drive by oneself

Fig. 3 Type and Use of Welfare Vehicle
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Fig. 4 Mazda Welfare Vehicle Lineup
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