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A new 1.0 L inline 3-cylinder VTEC TURBO
engine that achieves enhanced fuel economy and
driving performance has been developed as part of
the cluster of new-generation power train technologies
known as EARTH DREAMS TECHNOLOGY, which
realizes both environmental and driving performance.

This engine has the same combustion concept as
the previously released 1.5 L and 2.0 L 4-cylinder
VTEC TURBO engines, and also applies common
technologies such as high-tumble-flow intake ports,
multi-hole injectors, and valve timing control of
both the intake and exhaust camshafts. In addition,
technologies such as a variable displacement oil pump,
timing belt in oil system, and narrow crankshaft have
been applied to comprehensively reduce friction.
A compact class vehicle with this engine installed
achieved 26% better fuel economy in European
driving mode compared to the previous engine, and a
newly developed compact turbocharger helped improve
driving performance with 20% higher low- and
medium-speed torque. Furthermore, both vibration and
noise were kept in competitive level.
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Fig. 1

Overview of developed engine
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Table 1 Comparison of engine specifications
Engine Developed Previous Previous

o 1.0LI3 15L14 1.8L14
specifications turbocharged NA NA
Displacement [cm®] 988 1496 1798
Bore [mm] 73 73 81
Stroke [mm] 78.7 89.4 87.3
Stroke / Bore [-] 1.08 1.22 1.08
Compression ratio [-] 10.0 11.5 10.6
Valve number In/Ex [-] 2/2 2/2 2/2
o (ameter 28/23 29/25 33/26
Cranenatt manpin | asias
Piston with oil gallery Applied Not applied Not applied
VTC Dual VTC In-VTC None
VTEC In In In
Xﬁgﬁﬂ% displacement Applied Not applied Not applied
ngﬁggg controlled Applied Not applied Not applied
External EGR system None Hot Hot
Fuel injection system Direct Direct Port
Camshaft drive Timing belt Timing chain | Timing chain
Fuel RON 95 RON 95 RON 95
Power [kW/rpm] 95/5500 97/6600 106/6500
Torque [Nm/rpm] 200/2250 155/4600 174/4300
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Fig. 3 Configuration of two-piece water jacket and
coolant flow in cylinder head
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Fig. 4 Sectional view of electrically controlled
thermostat
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1.0LI3 15L14
turbocharged NA
Pln bearing 35 40
diameter [mm]
Mam bearing 38 46
diameter [mm]
Crank radius [mm] 39.16 44.5

Fig. 5 Crankshaft overview
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Fig. 6 1% order vibration excitation of I3 turbo
charged engine at 1000 rpm
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Engine speed : 2000 rpm
Engine load : BMEP 200 kPa

1.00E+04 I
——High valve lift timing
Low valve lift timing

@

o

= 1.00E+03

g

3

[9]

[%]

o

o

o)

2 1.00E+02 531447
>

O

Reduction of
umping loss
1.00E+01 AUmPINg
30.0 300.0

Cylinder volume [cm3]

Fig. 12
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oil pump drive

Fig. 13 Overview of timing belt system

Table 2 Comparison of timing belt materials

L Conventional
Belt in oil Belt
Material PA66+Aramid
Tooth Surface .
fabric treatment Epoxy resin H-NBR
Material H-NBR

Rubber +Aramid fiber

Back face Back face fabric | H-NBR

4.5 EBR
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Fig. 14  Construction of timing belt
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Turbine

Electric Waste gate
waste gate actuator valve

Fig. 16 Cut-off view of turbocharger

1.0 L I3 turbocharged engine

1.5 L 14 NA engine

g - f‘ flow

Jump-ramp

Shallow dish
shape piston

Fig. 177 Comparison of intake port and piston top
shape

Table 3 Comparison of turbocharger specifications

Turbocharger specification 1.0L 15L
Max. power [kW/rpm] 95/5500 110/5500
Max. torque [Nm/rpm] 200/2250 203/1600-5000
Turbocharger supplier Borg Warner Mitsubishi
Scroll Mono Mono
Wheel
diameter/vane $31/10 $37/11
. Permissible
Turbine speed 285000 rpm 245000 rpm
Housi DIN1.4837+Nb A3K
OltJS|.n? [Austenitic [Austenitic
materia cast steel] cast steel]
Wheel
diameter/vane $37/5+5 $46/6+6
Compressor Permissible
speed 285000 rpm 241000 rpm
Actuator Electric Electric
Waste gate | Valve
diameter $20 $28
Table 4 Injector hole configuration
Specification at|Specification at | Specification at
early stage middle stage final stage
Spray targeting o
and hole size o le it —
arrangement o ® ° .
Fuel flow distribution Even Uneven (small) | Uneven (large)
Piston impingement + ++ ++
Liner impingement - + ++
Homogeneity + + +
Ranking 3 2 1
++: Good +: Average -: Poor

"), Anti-tumble

Velocity [m/s]

Intake side I 30

120 degATDC
1.0 L I-3 TC engine at 1500 rpm WOT

120 degATDC

Base NA engine at 1500 rom WOT

Fig. 18 Comparison of in-cylinder flow (CFD analysis)
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Fig. 19 Comparison of output curves
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Fig. 20 Comparison of engine mechanical friction (Source of scatter band: FEV)
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Fig. 22 Comparison of BSFC
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Vehicle Dynamics Performance Enhancing Technology for New CIVIC

IS ¢ S N e TR EE I
Mikito KOBAYASHI Masaya YAMADA
= =] ABSTRACT

27X No.l & HEIZHA CIVICOE -2 )L &4
F I 7 ZAVERE A S U 7z, e ERE & ' D DR BE A 1 ST
T 5720, @HOEEREM T —F ) VoS8T —E a5 55
VXY H ARV Y g VERFELZ, ARV Y g Va0
TV avEbZTY Y ADOEKIZED, Wi S R
T = A\DIZENEMIR L, BERFHZIEERKE T2 Z &1
0, BEIZWN & kT —-F) Yo BEET S Y b
4 FHREEWY. L=, FaT7 = v EH ST — 2
FTVVYZEWEXY L UL ERHAL, 277 VU
MitEZm 2 2 &0 kD, IRAOESE & BRI 5
BAL—XTYVZTHBATT I 4 —LENY ) VT &
MUz, RTF =LAy FEREEELIZ X 240 0l
YA L e, IR T7 L — AREICE S 7 a 7 RER Rz &
D, V=7ENY Y vIWHREE, EDHLZRR? S E
PRBEEAT o 2 R D DM MERE A KB L 72, ZTh 6 DR
B HErxY MZBWTHAENy TLNLOE =27 LK
A5 I ZVEREEER L 72,

Technology was developed for the new CIVIC
with the goal of achieving the top vehicle dynamic
performance in the segment.

A new rear suspension with high rear equivalent
cornering power was developed to achieve a balance
between handling performance and ride comfort.
Road-holding cornering performance and flat ride
performance were simultaneously achieved by
reducing the friction and hysteresis of the suspension
moving parts to reduce the force transferred from
the road surface to the body, and by non-coupling
various vehicle behaviors. A dual-pinion variable
gear ratio electric power steering system was used
and the steering support stiffness was increased to
simultaneously achieve both a smooth and linear
steering feel and good handling over wide steering
maneuver and vehicle speed ranges. Linear handling
performance and good ride comfort from initial start
to long-distance driving were realized through the use
of body bulkheads with a ring structure that increases
torsional stiffness and a lattice frame layout that
increases floor stiffness. These technologies achieved
top-level vehicle dynamic performance among same-
segment vehicles around the world.
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ZEERT.
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Fig. 1 Overview of new rear multi-link suspension
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Fig. 2 Features of new rear suspension
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Fig. 5 Characteristics of rear hydraulic trailing arm
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Aerodynamic Development for High-speed Stability in New CIVIC

B = A L1 B = S
Susumu MASHIO Masayuki MINAGAWA
B = ABSTRACT
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Aerodynamic design for the new model CIVIC
sought to reduce aerodynamic drag and help ensure
vehicle stability at high speeds. Equivalent lift was
employed as an evaluation index expressing the
effect of aerodynamic forces on vehicle dynamic
performance, and the importance of reducing rear
equivalent lift in helping to ensure stability was
verified in driving test measurements. In order to
reconcile the reduction of rear equivalent lift with low
drag, the control of longitudinal vortices at the rear of
the vehicle was set as a goal, with measures adopted
in both the platform and the exterior. The realization
of increased underfloor flow velocity through the
use of underfloor devices and the aerodynamic
engineering of the exterior side-view profile and the
area around the rear pillars reduced rear equivalent
lift by approximately 50% against the previous model.
This has limited changes in rear tire performance with
changes in vehicle speed, and helped to ensure vehicle
stability in the high-speed range.
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Steering vibration while idling and floor and
accelerator pedal vibration while accelerating were
reduced for the new CIVIC. Steering vibration while
idling was reduced by positioning the engine mounts,
which are the main transfer path, in locations with
a small engine vibration amplitude. This reduced
the engine vibration transferred to the body without
lowering the spring constants of the engine mounts,
and provided power train support stiffness while at
the same time reducing the vibration transfer amount.
Floor vibration while accelerating was reduced by
positioning the exhaust mounts in locations with a
small exhaust vibration amplitude to reduce exhaust
vibration transfer, and by increasing the floor panel
thickness and adding cross members to increase the
floor stiffness and reduce the floor vibration sensitivity.
Accelerator pedal vibration while accelerating was
reduced by offsetting the position of the fuel pipe
bracket connected to the dashboard lower where the
accelerator pedal module mounting point is located.
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Road noise performance was enhanced when
developing the new CIVIC. To reduce low-frequency
road noise when driving on rough road surfaces,
the suspension main vibration mode and sub-frame
vibration mode frequencies were controlled so that
they do not overlap with the acoustic mode frequencies
that are determined by the cabin shape and volume.
In addition, to reduce high-frequency road noise when
driving on flat road surfaces, soundproof specifications
were applied to locations with a high contribution to
cabin noise, and the sealing performance of the doors
was enhanced. These measures achieved road noise
performance that is competitive as a global model.
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Vehicle Dynamics Performance of CLARITY FUEL CELL
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The dynamic performance targeted with the
CLARITY FUEL CELL has the unique new appeal of
a fuel cell vehicle with a full complement of universal
values of a passenger car, such as ease of driving. The
Accord PHEYV, which is a vehicle in the same class
as the CLARITY FUEL CELL and has a high level
of performance, was chosen as the benchmark for
performance objectives. Specifically, this means that
the CLARITY FUEL CELL provides a solid driving
experience, making full use of one of the distinctive
advantages of electric vehicles, that they allow drivers
to freely control the car's speed using only the
accelerator pedal. It provides handling performance
that demonstrates how easily course-holding can be
managed when driving, a smooth, comfortable ride
from the moment the car starts moving, and a positive
brake feel that makes the car easy to control in all
the various driving scenarios encountered from day to
day. It is also extremely quiet. The developed vehicle
satisfied the objectives and successfully realized the
image that was desired.
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Large-sized and Lightweight Aluminum Hollow Diecast Subframe
Using High Pressure Diecasting

SN WoRom oz E - A
Tomoyuki IMANISHI ~ Akihiko ASAMI Yuichiro SANEYOSHI
= = ABSTRACT

KA L B LA FEBIL 72, 7L I = ahZEs 4 7
2 MREEY T TV - L5 L B RSELOF - &
7 5 W & TR & TRERC T 2 Hifl & Snd e A 1 b U 72 ARE
LA, MATYIDTH T 7L —LICHEAL, BEHETSH
DENSHPALAERBELZ X612, Y—AL 22k 5H
WTAREEIZ L D2 Sy r — U4 5%, #ilEEEL 29
TIVL—=LEEDLLEWITEEERL 72 % £ 46 % O
HILEXBZZLET, Vo U I3 2ADBEEY T IV —2%
FHIL 7=

ZO¥ 77V —247% CLARITY FUEL CELL IZ#4#
L, iR 2 :B4 5 & L 312, RSB ST — b
L4vo7ay 7 - FFEANOE&EE 2R LExE, A
RSB A R L 2Bl & E DS RnE vty 7 — Ush#E
BHRBLL 7.

A large-sized, lightweight aluminum, hollow diecast
subframe with increased strength was developed.
Technology for baking the entire interior of the core,
which is the key to realizing a closed section structure,
and materials with enhanced castability were applied
to the subframe for the first time known to date, and
realized a thin wall structure even with high-pressure
diecasting. In addition, the use of a seamless closed-
section structure increased the package efficiency and
achieved weight reduction of approximately 46% while
securing the same stiffness as that of a welded steel
plate subframe. These developments realized a top-
class lightweight subframe.

The developed subframe was mounted in the
CLARITY FUEL CELL, and both reduced the vehicle
weight and facilitated fuel cell power train installation
under the front hood, achieving high package
efficiency equivalent to that of a vehicle with an
internal combustion engine.
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Table 1 Overview of subframe manufacturing methods
GDC LPDC HPDC
Joint None None FSW None
Thickness A A O O
Weight A A O ©
Layout
efficiency O O A O
Productivity A O © ©
© : Excellent
O : Good

/\ : Acceptable
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Fig. 4 Sand core cross section after baking
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Development of Chassis Performance Design Technologies for MBD of Mass-production Vehicles
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Technologies have been developed that enable
practical application of MBD in function design
and performance design stages using the V-model,
in order to realize efficient development of mass-
production vehicles incorporating complex systems.
These technologies, all essential for the application
of MBD in mass-production vehicle development, can
be broadly divided into three categories: a technology
that reduces the time necessary for the formulation of
simulation models; a technology that reduces the time
necessary for the definition of simulation conditions;
and a technology that reduces the time necessary for
the sharing of simulation results. These technologies
have reduced the simulation output time for MBD
in function design and performance design stages to
approximately 1/50" of the previously required time.
As a result, it has become possible to apply MBD in
function design and performance design during the
development of mass-production vehicles.
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Broadly-applicable Adaptive Damper System without Use of Dedicated Sensors

M H o & [T (TR [CA NSO
Ryoma KANDA Yujiro NISHI Masaki [ZAWA
= = ABSTRACT
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AL > 2 5 4% Supplemental Restraint System T 7
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An adaptive damper system that does not require
the use of dedicated sensors has been developed.
Employing the proportional relationship between front
wheel speed and contact load, which change with
input from the road surface, the system estimates
the vehicle’s vertical vibration state quantity using
only the wheel speed, longitudinal acceleration,
and yaw rate signals conventionally employed for
systems such as Vehicle Stability Assist and airbag
systems in Supplemental Restraint System. This
does away with the necessity for the use of sensors
for the measurement of the vertical acceleration of
sprung mass and suspension stroke sensors. Using
the estimated values, the system boosts ride comfort
through the application of damping force control by
adaptive dampers in order to control vertical vibration.
In addition, the system also offers unsprung mass
control and pitch and roll control in order to boost
road-holding performance and handling and stability
performance. The adaptive damper units feature a
triple-tube configuration with externally mounted
pressure-control solenoid valves, making it possible
to set the damping force characteristic and the range
of variation in damping force to match the weight,
size, and concept of different vehicles. The developed
system is capable of application to a wide range of
vehicle categories.
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Fig. 7 Conceptual diagram of state quantity estimation for vertical vibration
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Longitudinal 9-speed Dual Clutch Transmission for 2nd-generation NSX
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The world’s first longitudinal nine-speed dual clutch
transmission was developed for the second-generation
NSX. Its purpose is to realize the design, acceleration
performance, and dynamic performance that are
appropriate in a supercar for the new era, as well as to
provide smooth, comfortable driving on city streets and
on expressways. By eliminating the shift mechanism
for first gear and sharing the transmission gears, the
total length was reduced 120 mm relative to these
measures not being applied, achieving a rear overhang
that is 35 mm shorter than other manufacturers’
supercars with seven-speed dual clutch transmission.
In order to deal with the higher power output, the
optimal oil was respectively used for the clutch and
gear rooms, while the adoption of a high-capacity
dual wet clutch, high-strength gear material, and high-
strength case material increased capacity to 550 Nm.
In order to deal with high-load driving on the circuit
and under other such conditions, the respective cooling
and lubrication systems for the clutch and gear rooms
were optimized by the use of four heat exchangers and
a baffle cover that completely encloses the clutch. The
gear ratio was optimized for each shifting stage, the
rigidity of the shift fork was increased, and a double-
cone synchronizer was adopted for second to fifth
gears, thereby realizing high gear change response
while retaining quiet cruising at high speeds.
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Table 1  Specifications of power train system
Power train SPORT HYBRID SH-AWD
Maximum power 427 kW
system

Maximum torque 646 Nm

Twin-turbocharged DOHC V6 3493 cm?®
Engine 373 kW at 6500-7500 rpm
550 Nm at 2000-6000 rpm

Water-cooled motor and generator

direct drive directly connected to crankshaft
motor 35 kW at 3000 rpm

148 Nm at 500-2000 rpm
Transmission | 9-speed DCT

Twin traction motor and generator unit
T™MU 27 KW at 4000 rpm x 2
73 Nm at 0-2000 rpm x 2

T™MU Engine direct drive motor

Transmission

Fig. 1 Power train system components
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Table 2 Transmission specifications

Transmission type 9-speed DCT
Torque capacity [Nm] 550
Maximum engine speed [rpm] 7500
Power capacity [kW] 373
1st 13.754
2nd 8.719
3rd 6.370
4th 5.116
Overall 5th 4.341
gear ratio 6th 3.720
7th 3.156
8th 2.677
9th 2.272
Reverse 8.580
Ratio range 6.055
Overall length [mm] 633
oil Clutch room ATF
Gear room Gear oil
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Fig. 2 Main sectional view of developed DCT
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Fig. 3 Speed diagram of 9-speed DCT
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ABSTRACT

Developing the sports car sound for the next-generation Acura NSX Sports Hybrid required a unique approach
to vehicle noise and vibration development. Starting with a holistic acoustic strategy for the vehicle platform
design, insulation package and chassis isolation specifications were constructed to accentuate cabin quietness
during hybrid driving. Employing multiple acoustic technologies, devices and control strategies, specific frequency
and order content was enhanced to maintain the original NSX heritage sound while adding functional purpose
to audibly communicate instantaneous power unit feedback to the driver. Execution of this strategy achieved the
vehicle sound concept and the hybrid super sports car segment competitiveness was redefined.

1. Introduction

The fundamental goal for the second-generation
NSX is to be a leader in today’s cutting edge supercar
market, yet pay tribute to the heritage of the original
NSX, which was considered revolutionary and helped
to build the Acura brand nearly 25 years before.
The primary focus for the sound concept was to
maintain the heritage sound of the original naturally-
aspirated (NA) V6 engine. The challenge was to
achieve this with the new hybrid electric twin turbo
V6 engine. A secondary goal was to celebrate the
electric vehicle (EV) driving capability of this next-
generation supercar. This was achieved by building
on the foundation of a quiet interior by using sealing,
noise, vibration, and harshness (NVH) treatments,
and road and engine isolation strategies. Next, power
unit breathing systems were designed to celebrate
the character inside the unique 75 deg V6 twin
turbo engine. Finally, five specific actively controlled
systems were developed and tuned to deliver the
desired sound including audible feedback to the driver
indicating transmission gear changes and engine
speed. This enables the driver to focus on the road
while minimizing distractions from driving, such as
continuously looking down at the gauges for feedback.
The final product is a super sports car that can
transform from a quiet, luxury grand touring car, to a
raucous, roaring, track monster, with just the twist of
its Integrated Dynamic System (IDS) knob.

The original Acura NSX, first introduced in 1991,
played a large role in the development of the next-
generation Acura NSX with the intent to pay homage

% HONDA R&D AMERICAS, INC.
% % Ul R&D £ v & —

Table 1 Sound characteristics of the original Acura
NSX
Hardware Sound quality contribution | Sound content
Exhaust Low frequency, powerful | 3 order
system sound
High RPM ‘Racing’ sound | 6" order
Intake system | Mid frequency ‘Guttural’ 450 Hz resonance
sound

to the characteristics which made the original car so
unforgettable and revered in the sports car market. The
original car was powered by a 60 degree, naturally-
aspirated V6 engine, mounted mid-ship, immediately
behind the driver. This power unit provided excellent
sound quality and driver feedback through several
hardware systems listed in Table 1:

Figure 1 shows the cabin sound of the original
NSX during full throttle acceleration in third gear. As
highlighted below, each rpm range has a unique sound
character.

The finely tuned specifications of the intake and
exhaust systems’ sound quality contributed to the
driver feeling connected to the car. Pressing the
accelerator pedal resulted in an increased acoustic
response from the vehicle. The sound was directly
linked to the acceleration feeling, a quality desired to
carry forward to the next-generation NSX.

With the NA engine of the original NSX, the
authentic sound quality of the engine’s breathing
systems is a key aspect of its character. This
authenticity is also a quality desired to carry forward
to the next-generation NSX.
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Automotive technology, construction and
performance have changed considerably since the
original NSX was launched, and the next-generation
NSX needs to satisfy the expectations of customers in
the current super sports car market. Traditional super
sports cars are often defined by particularly sporty
NVH characteristics, including loud combustion noise,
powertrain mechanical noises, lack of road isolation,
and strong vibrations. These vehicles tend to be raw
and unrefined, making for a very authentic sports
sound experience; however, they are also very tiring
to drive, tending to wear on a driver and making
anything more than a short trip uncomfortable. This
segment positioning is shown in Fig. 2, along with the
typical luxury sports sedan vehicle and Acura product
placement.

Over the past 25 years, the introduction of
electronic controlled powertrain and sound devices
enabled manufacturers to better balance the general
driving NVH refinement and sports car sound. These
technologies permit the driver to select their desired
driving setting, within some performance window, as
shown in Fig. 3.

Market analysis shows the customer expectation
in this segment has been raised significantly since
the release of the original NSX. Most buyers expect
a vehicle that is reasonably luxurious and refined,
suitable for longer drives, but that can also deliver
a super sports car, visceral and raw engine sound
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Fig. 1 Original Acura NSX cabin sound during
acceleration
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Fig. 3 2015’s sports car market landscape

experience.

This paper describes the target setting and
development of the NSX sports car sound, including
hardware selection, specification setting, tuning, and
competitive performance results.

2. Target Setting

With an understanding of the current sports
car market landscape and customer expectations
as indicated in the previous chapter, an engine
sound concept was defined to deliver a New Sports
eXperience (NSX). Every driving situation encountered
by the customer was considered, such as acceleration,
cruising, and gear changes. Then, the desired sound
performance in each of these driving situations and
IDS modes was defined, as shown in Fig. 4.

The sound concept established several ‘key words’
to describe critical noise performance characteristics,
as listed and defined in Table 2.

IDS modes are key to this concept by creating
a fully adjustable driving experience, where each
mode provides the driver a different vehicle character
including a tailored acoustic performance impression.
Each IDS mode has a unique intended use, as
summarized in Fig. 5.

Quiet mode:

The Quiet mode concept is to enable the driver

Sound concept: Soulful engine sound

Off throttle
Quiet mode Burble/Pop
Sport mode ~ Down shift
Sport+mode

Track mode (&rottle blip

Sound response

@
AN

Key on Ignition Idle  Acceleration

t t t Time
100 kph Tip-in/Passing Braking

Start up symphony  Audible tachometer

Fig. 4 Vehicle sound concept



Honda R&D Technical Review

Vol.29 No.1 (April 2017)

Table 2 Target key word definitions

Target key
word

Target character

Start-up
symphony

Engine start-up sound, which provides audible
feedback based on the selected Dynamic
Mode —

Quiet mode - Subdued startup maximizing
quietness

Sport mode > Exciting, high revving engine
flare with fast, race-car like response

Audible
tachometer

Sound that indicates to the driver the
approximate speed of the engine, without
visual reference to the tachometer. To be used
as an aid, which permits the driver to keep their
eyes on the road or track, but still keep exact
upshift/downshift points for maximum
performance

to minimize detection by the outside world as much
as possible, abating noise and creating a comfortable,
quiet cabin environment.

Sport mode:

The Sport mode concept is to enable the driver to
experience an NSX, integrating hybrid vehicle driving
with that of a super sports car with exceptional sound
response to driver input, while maintaining everyday
drivability. Sport mode is the default start-up mode,
although Quiet mode may also be selected.

Sport+ mode:

The Sport+ mode concept is focused on winding or
mountain road driving, eliminating internal combustion
engine stop and giving the driver increased on-road
audible feedback and performance.

Track mode:

The Track mode concept is for circuit use only, to
achieve fast, repeatable lap times and give the driver
maximum acoustic feedback that is even audible while
wearing a helmet.

Quantitative targets are based on a metric which
compares cabin sound level during full throttle
acceleration to the number of orders that can be
heard by the driver, known as audible orders. Audible
orders are defined as orders within 7 dB(A) of the
overall A-weight cabin sound. This was experimentally
determined to be the threshold of order contribution to
sound quality. Acceleration sound with fewer audible
orders has harmonic sound, while acceleration sound
with higher numbers of audible orders has modulation
or a more guttural sound. Figure 6 shows the sound
performance of the previous NSX as well as several

AACURA

NSO

Fig. 5 IDS mode concept and intended uses

key competitors. The trend shows that louder vehicles
have more audible engine orders, so the NSX target
range, highlighted in blue, defines the appropriate
number of orders required to achieve competitiveness
in the 2015’s sports car market landscape as indicated
in Fig. 3, and maintain the heritage performance of
the original NSX.
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Fig. 6 Cabin sports sound target during full throttle
acceleration

3. Approach

In order to achieve all aspects of the vehicle sound
concept, several different hardware and software control
systems were investigated”, as shown in Table 3.

3.1. Insulation Material Package

Traditional super sports cars are more analogous
to racecars when it comes to noise and vibration
cabin quietness. Of course weight is the enemy of
acceleration and handling performance, so it’s easy
to choose lightweight or low coverage insulators in
the interest of preserving maximum performance. The
challenge with the NSX development is to achieve
the concept of Quiet mode driving, while minimizing
added weight from the material package.

This was addressed by specifying the package
based on the noise source hierarchy. Figure 7
shows a representation of the input intensity of each

Low contribution | N Bl High contribution

Fig. 7 Air-Bourne source noise contribution
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Table 3 Concept achievement method

Sound concept
component

Hardware / Software /
Control system

Quiet mode, overall cabin
comfort

Insulation material package

Startup symphony

Engine startup control

Balance of quietness and low
frequency powerful sound

Exhaust system and active
exhaust valve

Guttural sound

Intake sound control

Audible tachometer

Active sound control

Off-throttle Burble/Pop

Combustion stability control

IDS mode differentiation Combination of all systems

noise source.

As shown in Fig. 7, the primary noise sources
are behind the driver. Focus is then concentrated on
treatment in this area, centralizing the weight in the
rear bulkhead panel insulator, rear panel carpet, rear
partition glass, and many other smaller parts to create
high noise transmission loss from the engine room to
the cabin. For the noise sources in the front of the
vehicle, light weight absorptive materials are applied
to the front bulkhead panel and wheel arch regions,
where the heavier weight, barrier materials are not
required.

The result of this strategic isolation is dramatic and
benefits the vehicle concept in several ways:

(1) Cabin quietness: In Quiet and Sport modes, the
isolated cabin creates a smooth transition between
IC engine running to full EV driving and is often
imperceptible by the driver. EV driving is very quiet
in the cabin and the highway cruising noise level is
more like a sports sedan than a typical super sports
car. Cabin quietness competitiveness is shown in
Fig. 8, where NSX demonstrates best in class road
noise performance.

‘S\e' NSX

og / . ]

o Competitor A @
5003 NSX Bestin
Class

|
] Competitor B

!,0 Competitor C

1 T dB(A)

Concrete road noise [dB(A)]

Smooth asphalt road noise [dB(A)]

Fig. 8 Insulation material package - road noise

performance

(2) Low noise floor: With a low noise floor, undesirable
noises are suppressed. This provides a clean palette
for the addition of combustion and power unit related
sports sounds. For example, exhaust noise is not
competing with timing chain noise to reach the driver’s
ear. With the timing chain noise suppressed, the
exhaust noise can be more clearly heard and enjoyed.
Engine mechanical noise isolation during acceleration
is shown in Fig. 9, where NSX realizes best in class
performance.

/L NSX ‘)\e.
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1 Competito %
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Mid frequency noise [dB(A)]1 dB(A)
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Fig. 9 Engine noise during part throttle acceleration

@

3.2. Engine Startup Control

Engine startup is an important part of the
emotional experience with any super sports car. This
is when the power unit comes to life and announces
its presence to the world. It should impress upon the
driver, as well as spectators outside of the car, the
sportiness and high capability of the vehicle. Often,
this is achieved by a loud, high revving startup, and
the NSX concept is shown in Fig. 10. The challenges
for the development of the NSX were twofold:

(1) To achieve a sporty startup engine flare and
corresponding sporty exhaust sound with a
turbocharged engine.

(2) To differentiate the startup sound based on the IDS
mode selection of the driver. For example, keeping a
subdued startup in Quiet mode, but an exciting startup
in Sport mode.

To overcome these challenges, a new approach
was required, and an idea was conceived to use the

/ Key competitor

/ NSX Sport mode

NSX Quiet mode

Sound

Key on

Ignition

Fig. 10  Engine startup control concept
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rear drive unit electric motor to control the engine
flare speed and amplitude based on IDS mode. This is
accomplished by using the motor torque to speed up
[during RPM rise] engine speed during cranking, as
shown in Fig. 11.

Additionally, engine control software was developed
to consider the IDS mode at engine startup. If the
driver starts the vehicle in Quiet mode, the engine
performs a subdued, quiet start with minimal rev-up
over idle speed. If the driver starts the vehicle in any
other IDS mode, the engine executes a high revving,
quick rev startup, similar to a lightweight racing engine.

3.3. Exhaust System and Active Exhaust Valve

The exhaust system of a super sports car has
always been a vitally important component, and many
times it is the primary sports sound device. At the start
of the project, it was clear that packaging space was
small and thermal requirements were severe in order
to achieve Track mode performance requirements.
The technical challenge was realizing the packaging
and thermal requirements, while still achieving both
the Quiet and Sport mode concepts, which required
radically different noise levels.

To balance those requirements and minimize
weight and packaging space, an Active Exhaust Valve
(AEV) was introduced, creating a dual mode design
that could achieve IDS mode concepts as well as all
the aforementioned functional requirements.

The functional design target is to minimize weight
as much as possible, while still achieving tailpipe
noise targets. The traditional approach to achieve the
tailpipe noise target is to use an appropriate silencer
volume and then tune the attenuation characteristic
and frequencies accordingly. With limited packaging
space in the NSX, the approach was changed to utilize
the AEVs for flow restriction. Flow restriction has a
broadband noise attenuation effect, and this approach
achieved the Quiet mode sound targets with the valves
closed. With the valves open, the system delivers the
desired sports sound and driver feedback from the
tailpipe sound.

NSX without Hybrid
Motor Control

NSX with Hybrid
Motor Control
Sport mode
Use crank motor to increase
engine speed quickly, above

Crank motor
torque

\
NJ#A normal startup requirement
Quiet mode
g 1 start characteristic Unique start characteristic
£ g All IDS modes Each IDS mode
9 o
Sport mode
°
3
&
o All IDS modes
= Quiet mode
“ /
Fig. 11 Hybrid startup control concept

Table 4 Exhaust system specification detail

Specification Valve Valve
closed open
Silencer volume and type 18 L Pass- 18 L Side
through branch
Flow rate at 600 mmH,0 134 L/s 444 Us
Noise attenuation at 100 Hz 48 dB 34 dB

Table 5 Exhaust system sound IDS concept

IDS Quiet Sport Sport+ Track

mode

Control Closed Control by | Open Open

logic map

Sound Maximize | Balance Max Max

concept quietness | comfort audible audible
and feedback | feedback
sportiness

Silencer volume, flow rate, construction, and valve
operation were thoroughly tuned to establish the final,
post catalyst, specifications, listed in Table 4. An
illustration of the final exhaust system with AEV is
shown in Fig. 12.

Once the hardware specification was fixed, the
focus shifted to the electronic control of the valves to
achieve the vehicle sound concept. Each IDS mode
has a different sound concept, so during extensive
proving ground, on-road and dynamometer testing, the
valve tuning was programmed to achieve the concept
shown in Table 5.

For Sport mode, more extensive mapping was
developed to ensure cruising comfort and spirited
driving needs could all be met with the same setting.
Maps were developed with accelerator pedal position,
engine speed, and transmission gear as inputs to
determine when the valve should be open or closed.
Hysteresis was also included to prevent ‘busyness’
during driving around the map line boundary
conditions as shown in Fig. 13. In other words, to
prevent frequent valve operation during steady state
cruising conditions.

The AEV is also used to accentuate the startup
sound differences between Quiet and Sport modes. The
AEV stays closed at Quiet mode startup to minimize
exhaust noise and maintain the quiet character. While

Fig. 12

Exhaust system with AEV
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in Sport mode, the AEV is open during the engine
startup flare to emphasize the startup sound, but closes
after several seconds, to achieve the Sport mode
concept of comfortable idle and cruising.

Exhaust noise performance of the final design
specification has large differentiation between valve
closed and valve open operation as shown in Fig.
14. The main order sound pressure level change is
around 25 dB(A) and permits the customer to easily
appreciate an audible sound change when switching
between IDS modes.

The result of this exhaust system development is
a versatile, single world specification system, which
satisfies the vehicle sport sound concept, with the
lowest post-catalyst system weight in its class at
12.3 kg.

3.4. Intake System and Intake Sound Control

The intake system of the original NSX is the
single strongest contributor to the sports sound of
that vehicle. The guttural, mid-frequency modulated
intake sound is clearly audible in the cabin and very
responsive to driver throttle input. This sound is
created by the movement of the intake valve, and is
accentuated by the VTEC™ system when valve lift
increases dramatically and then becomes airborne
through the air-cleaner orifice. Once the sound

100 Transition zone
) prevents AEV busyness
= when driving at map
é 80 J 4‘ boundary condition
3 60
[oR
= AEV CLOSED AEV OPEN
E 20 \ | oW
Q
< \
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Fig. 13 AEV sport mode control logic map
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Fig. 14 Exhaust system tailpipe noise at full throttle
acceleration

becomes airborne, it can easily be heard by the driver,
because the orifice is directly behind the driver’s head.

On turbocharged engines, the intake valve source
noise must travel the path highlighted in Fig. 15
before it can become airborne. The intake noise is
significantly reduced by the increased intake pipe
length, intercooler, and the turbocharger. The noise
attenuation of the turbocharger varies by operating
load, as highlighted in Fig. 16", and attenuates
approximately 15 dB(A) in the combustion noise
frequency range during acceleration. This high noise
attenuation creates a significant challenge to achieve
the vehicle’s emotional sound target; therefore, a
technical solution was devised.

After investigating multiple technologies, in
an effort to provide the most authentic, guttural
intake sound inside the cabin, a sound transmitting
diaphragm was selected”. This technology connects
to the high pressure intake duct, where the natural
intake noise is present and has not been attenuated
by the turbocharger. The diaphragm transfers the high
pressure pulsations or source sound, to atmospheric
pressure ducting, which can then be routed to the
cabin and heard by the passengers, otherwise known
as the output sound, as shown in Fig. 17.

Several technical challenges existed to implement
this technology and achieve the vehicle concept for

-15 dB(A) T/C

Noise travel path
—————)

Engine speed [rpm]
Turbocharger Jaf

Intake valve
source noise

Airborne
intake noise

Fig. 15 Intake sound transfer path of turbocharged
engine
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Fig. 16  Noise attenuation due to turbocharger
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cabin sound and IDS mode differentiation, as shown
in Table 6. The critical goal was to achieve a natural
sound that has a strong link to acceleration response.

When considering the resonant frequency of the
Intake Sound Control (ISC) System, there are four
primary components as shown in Fig. 18.
(1) L, pipe: High pressure inlet
(2) ISC diaphragm
(3) L, pipe: Ambient pressure left side duct
(4) L, pipe: Ambient pressure right side duct

To achieve the desired cabin sound, these
components have to work together in harmony. The
diaphragm itself has some limitations, because it is
an existing design. Retuning would require significant
investment and R&D cost, which is not desirable on
a low volume super sports car like the NSX. The
challenge is to use the existing diaphragm design to
match the target 450 Hz frequency range to achieve
the heritage intake sound. The solution is to tune the
Y4 wave resonances of the L,, L,, and L; pipes to
coincide with the target frequency, and work with the
good broadband response of the ISC diaphragm. The
resonance calculation method is shown in Fig. 19.
The duct resonant frequency is equal to the speed of
sound in the medium (air) at the operating temperature
of the engine, divided by the wavelength. The total
system bench attenuation result is shown in Fig. 20.

Vehicle package studies were performed to
determine feasible pipe lengths. A variety of pipe
lengths were rapid prototyped and actual sound
performance was measured by bench speaker frequency
response testing. Using this process, the system

Output sound

)

Diaphragm

Fig. 17 Sound diaphragm functional layout

Speaker

<)

Microphone
) —
Microphone
)

Fig. 18 Bench speaker system attenuation setup

Fundamental
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A
— | - 5
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Fig. 19 ' pipe resonance calculation

Table 6

Technical Challenge

Intake sound control technical challenges

Solution

a. Tune diaphragm resonance to
best match source noise input
frequency and desired heritage
intake frequency

b. Design pre- and post-
diaphragm pipe lengths of %
wave resonances to coincide
with target frequency

1. Create guttural intake
sound matching NSX
heritage sound

2. Create IDS mode a. Design a variable control valve
variable sound with a vehicle integrated control
system

performance and specifications were determined, and
an illustration of the final ISC system construction is
shown in Fig. 283.

Once component specifications were completed,
feasible systems were installed in the vehicle and
confirmed by chassis dynamometer and on-road
testing. The cabin sound was evaluated by microphone
data and subjective judgment. As shown in Fig. 21,
the ISC system achieved the targeted frequency of the
original NSX, and by subjective driving evaluation, the
‘guttural intake sound’ character is easy to appreciate.

In addition to the tuned pipes and diaphragm,
the ISC system is equipped with an electronically
controlled valve between the high pressure pipe and

Target frequency range
— L, Duct outlet < /}

H— L, Duct outlet
-’ 4

\/ pan NV
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Fig. 20 Bench speaker attenuation test result
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Final ISC cabin sound at full throttle
acceleration

Fig. 21
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the diaphragm. This valve enables control of the sound
output of the system to achieve the engine sound
targets for each IDS mode. In addition to separation
of the IDS modes, a control map for the valve angle
was developed to create a linear sound increase with
RPM and avoid resonance peaks and valleys. The ISC
control valve can quickly adjust position based on
driver control and engine operation inputs. The inputs
to this system are accelerator pedal position, engine
speed, transmission gear, and IDS mode. To this end,
map tuning was performed on the chassis dyno, and
then confirmed on-road, to achieve the desired sound
progression at various throttle angles, engine speeds,
shift points, and IDS modes, as shown in Fig. 22.

Additionally, the ISC system and corresponding
control valve is used to accentuate the transient sound
response, as a driver aid function. For example, when
the transmission downshifts, the engine throttle opens
to rev-match the engine and transmission speed, and
correspondingly, the ISC valve opens, and creates a
short burst of sound. This sound alerts the driver that
a downshift has occurred, so the driver doesn’t need
to look down at the gauge cluster, and can focus on
driving. The blue line in Fig. 22 shows the ISC valve
open angle mapping during a downshift, getting more
aggressive with each IDS mode.

3.5. Active Sound Control

Active Sound Control (ASC) is a Honda-exclusive
engine sound enhancement system, that uses the
vehicle’s audio system to add engine order sound
to the cabin®. It uses several inputs, such as engine
speed, accelerator pedal position, IDS mode", and
acceleration rate. Several engine orders can be added,
and in the case of NSX, four orders were chosen,
with the purpose of filling and smoothing the sound
around the other sports sound devices. The orders are

IDS mode: Sport IDS mode: Sport+

90 90
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G 3
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[0} Qo
> 2
& 45 s 45 Full throtfle
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8 hrottle (%2}
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0 T T
0 T T
1000 4000 7000 1000 4000 7000
Engine speed [rpm] Engine speed [rpm]
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2 throttle
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Fig. 22 ISC valve mapping by IDS mode

separated into two separate strategies:

1. Low RPM Powerful Sound: 3 and 1.5 orders are
introduced to add to the low frequency noise floor and
accentuate powerful sound during low rpm driving.
This sound is appreciated at tip-in or low throttle
accelerations.

2. High RPM Shrill Sound: 3.5 and 4.5 orders are
introduced at high accelerator pedal position and
high RPM to heighten the audible tachometer sound,
helping the driver distinguish audibly when the engine
is approaching redline.

The gain level of each ASC order with respect to

engine speed is shown in Fig. 24

3.6. Combustion Stability Control for Emotional
Exhaust Sound Feedback
One exciting aspect of super sports cars is the
sound the driver experiences at transient conditions.
Analogous to racecars, sports cars also tend to ‘snap,
burble, and pop’ at shift timing or over-run situations
and the NSX sound concept incorporated this spirit.
This sound was achieved by creating unstable
combustion at transient circumstances, by adding
ignition retard, based on engine load and engine
speed, as shown in Fig. 25. When the combustion is
delayed, the exhaust valve begins to open before the
combustion process is completed, allowing complete
combustion to finish in the exhaust system, providing
an audible ‘snap, burble, and pop’.

Fig. 23  Final ISC system construction
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This sound also has a functional purpose. The
sound can be an indicator to the driver that a change
has occurred. Examples are gear shifts, lift throttle,
or light throttle application, where the driver might
normally need to look down and check gauges to
confirm gear position or engine speed; the driver can
instead focus on driving with eyes on the road.

<—— Ignition retard [deg]

=
o

7.5 deg == =

Engine speed [rpm] ——>More = 2

Fig. 25 Ignition retard map

4. Validation

Combining all of these sound technologies into
a single package required extensive proving ground
and public road driving to achieve the vehicle sound
concept for each system and confirm the systems work
together in harmony. Prototype vehicles were tested
and tuned in the numerous situations a customer will
drive their NSX. This included everything from race
tracks and highways to the winding canyon roads
of Malibu, the Autobahn of Germany and winding
mountain roads of northern Italy and Austria.

The electronic controls for each sub-system are
tuned individually to match the IDS mode intended
driving conditions shown in Fig. 5. The quiet
platform of the NSX enables the sport sound devices
to create a wide dynamic range of sound, which can
be appreciated by the driver as the sound responds
directly to his or her inputs. The addition of each
sound device contributes a unique flavor, combining
to make the NSX character sound. Figure 26 shows
the contribution of each system to the cabin sound
during acceleration compared to the original NSX.
Engine noise in the cabin was reduced compared to
the original NSX in order to meet the Quiet mode
concept, and additional technologies were added to
achieve 2015’s sports car market competitiveness.
The contribution of intake and exhaust systems to the
overall cabin sound during acceleration remains similar
to the original NSX, realizing a balance that celebrates
the legacy of NSX sound.

Figure 27 shows the final sound performance of

the mass production spec vehicle during full throttle
acceleration in third gear. The sound performance
matches the original sound concept, with sound levels
that are distinctly different between IDS modes. The
frequency contribution of each device is shown in
Fig. 28. Each of the systems contribute to a different
frequency range and combine to create a unique
aural spectrum which achieves the sound concept
components explained in Table 3.
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Fig. 26 Component contribution to engine sound
during acceleration
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Figure 29 shows the final sound quality
achievement of the mass production spec vehicle
during full throttle acceleration in third gear. The high
number of orders is achieved by the combination of
ISC, AEV, and ASC systems, combining harmonic and
guttural modulation sound into a single package.

Figure 30 shows how the NSX bridges the gap
between sedan and super-car, accomplished through
multiple personalities, available for the driver to access
with the flick of a knob. This brings a truly New
Sports eXperience, a no compromise super sports car,
one that can be comfortably driven every day, over
short or long distances, spirited canyon road driving,
or even on the racetrack.
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Fig. 29 Final cabin sports sound achievement during
full throttle acceleration
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Fig. 30 Final sound achievement competitiveness

5. Summary

The system discussed in this paper was developed
to realize the potential of the next-generation sports
car with a New Sports eXperience. The system
integrations create strong emotional sound connected
with acceleration feeling, along with functional sound
feedback to the driver. Additionally, the system
supports the IDS concept to permit the driver to have
direct control of the cabin sound experience.
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The achievement of outcomes through the use of
informatics techniques employing big data is today
being reported. However, because of the lack of
opportunities to obtain high volumes of data (upwards
of several thousands or several tens of thousands of
data), these techniques still present issues in terms
of practical applicability. In the case of materials
in particular, because it is necessary to evaluate
characteristics following the creation of test pieces,
obtaining upwards of several thousands or several
tens of thousands of data is unrealistic. A Smart
Materials Informatics method that would make it
possible to make predictions based on even a limited
amount of data was therefore defined. Study of the
amount of data necessary for predictions showed
that predictions could be made using only several
tens to hundreds of data. The use of the new method
in studying functional materials (catalyst, magnet,
and thermoelectric materials) made it possible to
identify materials possessing characteristics suited to
their respective purposes in a short period of time,
demonstrating the practical applicability of the method.
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Table 1 Summary of catalysts with higher specific
surface area of Pd particles than

conventional support material

Suppqn Element A | Element B Specific Suﬁqce area
material of Pd particles
I a2 B2 1.39
I al p1 0.21
il a2 B3 0.13
v VK] B3 0.34
Reference
(Conventional Al Al 0.11
support
material)
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Fig. 6 Relationship between number of data and
LOOCV when studying support materials



Honda R&D Technical Review

Vol.29 No.1 (April 2017)

ZOMER, EEY K- MR ARG & XD, HEFX
nz PdRFOERMMAKES TESYHA— M1, 1,
I, NO4FAZRIMTAZIENTEZ X512, PARTFD
WEERPRE K S50 F— M1 210, PdEE:
M A ER L, = — Y v 7B A B 2k, TFILH RIS
THALREE 2 Gl L 72, f53R % Fig. 7 12",

Fig. 71o/nadn 3 k51, ERINH K- M2
T R Y R — M AW L D &, CO, HC,
NOx DWFRIZEBWTE, BLRMEICENS Z Laibr 5
72, TNEZ =Y Vv S RICBWT S, HiEI N PdRT
AWNE LA L, PdRTOERREAKE S RS hz
weEELZONS. Z2Z2C, PAdEHFELAEYFR - NI
@ Scanning electron microscope (SEM) 2347 & 2k L 7=.
FER % Fig. 8 IZ/8T

HR- MM LICHEBEX N2 PR TR E am FETH -
7z, F7z, BRORFIE T RO — E0H X RRaiEIZ & D,
PAdILETH A I L &R L. K-T, TV VU RIZE
VT LRI O O Pd RT3 HEE & 7= Aokt & A1
ML TkD, PdKFOERREZ PHIL 72 SMI FEI3%
BThHdZehnEhns, DEOKRLD, K- 141
BIEE L, BAEME Ol K 0 e Pd R R A
AT 52 ENTE.

350
uCO
mHC
= NOx
o
S 300 A
Te)
|_
250 -
Reference Support
material I
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Fig. 9 Schematic image of hot deformation process
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EV grid data — —
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(100 thousand ) - BrxiHe (100 thousand )

Fig. 10  Prediction procedure for magnet material
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Table 2  Prediction result yielding highest level of
magnet performance

TV (Brx iHc) | T1 (°C) |AP1 (%) | VP1 (-) | T2 (°C) | AP2 (%)
252 494 27.8 |2.0E-05| 700 20
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Efficient Vehicle-level Coordination in Functional Safety Process for a Whole Vehicle

A H g T N
Takashi OHTA Hiroki SAGAMI
C= =1 ABSTRACT

Yy yEEHOBK, BTV AT A HBHIZERKT S
720IziE, HERSR RIS IS0 26262 NDOUEHLS BRI T &
3. BRERAIRENE, FUSICHERLL 227 o 22 F7 5 %
ZETY AT LDOBREAEIZL DB X b ADOfEHE
IR 2 BRMN W HEE THT 27200/ KE B2k,
RO > 2T 25 M BIR T 2 BB H R 50 THERE
LRGN RE S UEHLS 2 7201213, &Y X7 LA0HY
FHNEBNEE U CRRE AT D 72 2 BB R 2 E)
RETAIVERS L. 72T, sERELKROR T4 D
U 2T L OBRYEE P U CRRER ST B A A R A 7
SHETELTHEAWREL, VAT LICHEEINEA VA
T x—AEHA FIZEY 2T AR L CRHES %
BIZnw, BRELZEIRAZBET2MAD 7 0 v 2 &R
RaET v 2B 2. 7 OREE, RO E S
AU T X 722 L TV 2T ANESDRES M ORI A |-
L, V27 s LadiExws 7o 24 MEISENL 72
& TR 2 5By Bt % B L ~OL THEGER I 326 L C
) 2 AR AR A BUE T & R AR OB R T
O 2 AT & 7

On-board logical electrical and/or electronic
systems are required to comply with functional safety
standard ISO 26262. Functional safety activities
involve implementing a standard-compliant process
as a measure to help prevent any physical injury or
damage to human health that may be caused by system
malfunctions. In order to efficiently comply with ISO
26262 in automotive development relating multiple
systems intricately, the personnel working on each
system need to rationally coordinate and implement
the functional safety activities for a whole vehicle.
Honda has therefore added to the functional safety
process its own process of coordinating functional
safety requirements. The process involves investigating
how the systems of the whole vehicle relate at the
vehicle level, formulating methods to allow necessary
and sufficient boundaries of functional safety activities
to be set, conducting impact analyses cooperatively by
using the system interfaces as guides, and coordinating
the functional safety requirements. This eliminates the
overlap in impact analysis scope, improving accuracy
for system internal impact analyses. Further, adding
the proprietary process to link systems has resulted in
exhaustive implementation of high-precision impact
analyses at the vehicle level, in turn forming a
vehicle-level functional safety process for the whole
vehicle capable of appropriately deploying functional
safety requirements.
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Part 1. Vocabulary

I Part 2. Management of functional safety I

Part 4.
Product development
Part 3. at the system level Part 7.
Concept Part 6. Production
phase Product and
development at operation
Part 8. Supporting processes
Part 9. ASIL-oriented and safety-oriented analyses

| Part 10. Guideline on 1ISO 26262 |

Fig. 1 Overview of 1ISO 26262
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Proposal of Development Process Using DSM and Simulation
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A development process was created to perform
request-type development without reworking by
determining the target system performance and the
means for achieving that performance from the
initial development stage. This process uses a Design
Structure Matrix to determine the most reasonable
development order, performs simulations to predict
whether the target system performance can be achieved,
and comprehensively calculates alternate solutions
in case the target performance is not achieved. Data
mining technology is then applied to these results
to quickly extract the most reasonable solution from
among multiple solution candidates. By way of
illustration, using power train system development
as an example, performance was investigated for the
areas of fuel economy performance, acceleration from
standstill, and low-engine-speed booming noise, and
it was verified that the system designers could narrow
down the optimal balance solution.
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Design Philosophy of Honda WANDER STAND CONCEPT

=k R I o H 15"
Takehiro MIYOSHI Takao KANKI Shigeru WATANUKI
(O 1| T S KM A & = o o ET
Masahiro SAGAWA Yu OWAKU Asagi MIWA

£3 =] ABSTRACT

RO ZACR BN OMELIZENELE Y 7 4 12K
L52—=ZAREDbo TN ZEE/MEL, HTILWELYY T 4
Ol &Gt L7 BEIO T a4 2 45050 L5128 L
EVWSaVETIOELY T4 #HIULLAZEDEL T,
Honda WANDER STAND CONCEPT #4#% L 7. Zhiz
HEHERIC & 2/ NIBEKEHETH D, fEd NS 5> &R
AD, FEFROARNL & XIS T XEEICHE R TH 5 Z L h
R cH 5.

F722015 411 AlChfE s Azl E—4 -3 3 —1C
BOWIHBETLEAARL, XKIGHEIZTVr—1V 282
Kol TOME 244 ) v rearv T ORENE
IZDOWTREMDN D 5 Z & PR S 7z,

Anticipating changes in mobility needs stemming
from changes in living environments and the further
evolution of technology, Honda has examined the
value of new forms of personal mobility, and has
proposed the Honda WANDER STAND CONCEPT as
a mobility aid embodying the concept of making the
process of getting from place to place using the device
as enjoyable as taking a stroll. The Honda WANDER
STAND CONCEPT is a small, automated-driving
electric vehicle that can be quickly and easily ridden
by any user, and that makes it possible to comfortably
move from place to place without any of the concerns
associated with driving.

A working model of the Honda WANDER STAND
CONCEPT was exhibited at the Tokyo Motor Show
held in November 2015, and visitors were asked
to complete a questionnaire regarding the unit. The
results of this questionnaire demonstrated that the
public was receptive to the styling and the concept
proposed for the unit.
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ENHRIZHZ B Z &, IZFE L T simple, clean, modern
EARAN VAR T NELTTFYA VL2 AEEx
DEEY T4 & LTHMICRONEES A 572012, 7uy
b, A4 I LTY YDA Bbh T4 v 452
L2k, fhHi, S Bl X OB L O E F -2 7=
(Fig. 2). mitkD 74 + ZEfpLdE L THEEEH T LT
HIEEEADY DB AN D2 BE L5127 £, Hi5E
P & B MERE R C WIS fEkATHO N T A
AVTHBEZAAVERL, L3R4 M eHEIECT

Fig. 1 Final rendering

Heonda Design

Fig. 2 Final exterior

— 110 —



Honda WANDER STAND CONCEPT O 7 1 > 18

YA VG5 TRENZNR AWML, BITEICHLT
DROEAFFL T3 (Fig. 3). ZHIFHOT F54 7D
FRIC &K D flgIc A% 52 2 BDER A VWD HEBTE
7 MEROEY Y 3 v v TN TH BB LSy i —
DEBRHL, MIEOROMEES ELVEEL) T4 ThH
32074 avkk->T0w5 (Fig. 4).

33.1>FUFTFHI>

MRS 2 Z L ARHRETHDOTII AL, BHEED LS I1Z%
DA LAENSREABIE LD, 223 AER
MEBLDEI RV —VEBELTA VT ) TETYA
L7z, 207012, R fbTSITrHE LR CHBRE 55
BEIZTARA Y PEREL, RBICROKRDTES LD
W ERNT - R EHLEE L L. ZORBELBATET S |
THEZFA P — b e, N=Fw a0k S512L4
7Y N LTF— TN EHRELR (Fig. 5). F7-, SHETD
Hoae L, BIUICRRE L i E2NET 5
USH % P L 7z,

AT RIS ERk A & b h Y, REERL
WEEIA VA —T 2= AT HFA VEBIhoT A4 Y
DOFERRIFEOZMITHEF L X F I E AEWRAM LT
Ny K79y T T4 AT LA EL, ETOERPLEHEN & DE
BEEHICIE KM Y 2 F 4 2L A4 L 2RMDA4 v & —

Fig. 3 Light on corner

7 x— ARl AEERA AT 54 v 24— T 2 —
2L LT, M EBOLL %D TS 2 EEIC 2 DB
ICHii 2B »E R 2N =LY 34 XF 4 vy AV b
O—)L&T—TNhtV 2ICHEL . i B0 <
LADETHEEETEI LT, METERS THHNT 72
kb4 V7V 7Ek5L5 T kL7 (Fig. 6, Fig. 7).

Fig. 5 Modern sliding seat

Fig. 4 Iconic headlight

Fig. 7 Center display and joystick controller
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34. h7—, T UTLTFHA L ERNTI—FT 12—k
Wik 5 O ER T LY T 4 EWEHT 5882, AAS
LW B TaLAKLCDZEAHNELT, h T —
I+ 7 b % Japanese Modern & L7z, ZDEX ) 7 4 ik
AVFIVTH—HTHPERZDZZENEMTH S 720,
WAy —2 L 275 —aF 43— ELTHTIA b, K
t, 759 rD3CGERMLEZ. T2 25 ) 723N 5
A MBI =)L FIDHES AT A b I 5 — &M, TR
M2 24 ) V7B 5723 Ta<L, HOT F 5
A TIZEBHEEOME LB % 2R 6 TEHETHZ &
NTEB LS, RAAMIZK > TEELT 2B KA £
L7z (Fig. 8). 7u7z, v— b 77— Ly FH—=~Xy b
DEIIZRFED AN EHEETETETAA-VEHLES
WICREERH L, B2y — 7770w 23 #0 Y
Bl ORI & PO S MR & L RIEUEIC & 2 BREO
EBROREARO AL Z & T, AEIZXK > THO
WA RN Z 25k 3 5 38IE L L7z (Fig. 9). ZHd HOT
FIA4ATIZE2HBAROMBELH A2 LOIBERELT
W3, HASL L AL w3l & LT, S0
Jay by AE, VYR y 288, T NRES, L — 78
CRHADHMAE A A=Y LE=AF/ S8 — V&L 72
(Fig. 10).

R N

Fig. 8 3D white color

Fig. 9 Textiles for seat fabric

35. A>T hERRA) 2T DREMMREE

HHE— % —¥ 3 —2015 1 Honda WANDER STAND
CONCEPT & WANDER WALKER CONCEPT #% )&
(Fig. 1) L, k&7 v — biEE 2 ML, 4 L
KL7zave T be284) v IO HEMNEBGEL 72,
Fig. 12 IZBGERREZ RS, 7 v 7 — MEIBRE 215 B4 [0
INL, Z® > % Honda WANDER STAND CONCEPT
1294 DT X v REE S

HER R B g & SRR L7 WANDER
STAND & WANDER WALKER (—AZED /$—V FILE
YT 4)DENIZTS TAHRIOA L WS BERIZHWTI,

Fig. 11 Tokyo Motor Show 2015

Leisure time
at sea orin

To nearest
public transport
access point

7%

Moped Bicycle
4%

mou

Pa
athleti
11

Which vehicle would you
prefer to ride?

In what kind of situation would you
like to ride the WANDER STAND
or WANDER WALKER?

Fig. 12 Questionnaire result (215 respondents)
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6 #ILL D2 —#5 WANDER STAND (235 Thzn e
DEEZER L. ED Vo2 BTNz 0h &0 5 Bl
12OV, FEBO 2 —FRRITRL ¥ v — & EITfHn
nEWIEENF LN, WOREINDZDH, FoT
Al BEA VT P REMEII TS0 ME5HT
Hot. AMEEEE KRR L ThW, BIZRhZ S, £ E
HEREFRICBE T2 XY MR 11 Th - 7=, K AR
T TATELE, L AFOHOI VS P XIZHT
23X MIOMFTH - 72, AEEEIGHTIEARL, & EH
MR BRICBET a4y NI4T TH 572, BERERIC
DWTDRRIZEATEERA S Z L3 ME L T,
BUTIRME Ay 232 238, ave T L e
B4 VT DOZEEEMRTE .

4. £&D

PERDIS=T FILEE ) T 4 DBEOIRE FE A W73
LT v Eh, $hEEERLTW2ZDIZHLT, &
B A IEBEHORNFEFELFEREL, WNEE2ELEY 74
& L CWANDER CONCEPT ###%, B L 72, Hxl
E—4 = 32015 I2KWTIXZEDH LIV LT b E
ZEAN) Y TIZDONTREUD D DT enbhr o7

FTRTOAD, L2LRLLT, EZANTEHBICKE)
THIENTED, TABMEOEBEZFEL, MMk
FFER R & XD T & 720,

SE XM

(1) B tsd A E L F#H 2 BORE 2 RBEYE R 2 H
DORMEL i & D & & O, p. 7, (2011)

(2) http://www.its-jp.org/wp-content/uploads/2013/11/
ITS-future-vision_j_140130.pdf

(3) HUHh = U v VU S0 A5 3 A 2 5EBGiE &8, p. 5,
(2015)

(4) http://www.mlit.go.jp/common/001156730.pdf

(5) KFAHEWE:BITOT T4 €T 4 2EEL -8
VAT LIBT3 EE, HASSGEBEENYE 2 B-147,
p. 8, (2011)

(6) WWICIEGL: [HHD 7 < B 124 2 BUR M & 4T
FATTHEME, TATSS Review, Vol. 37, No. 2, p. 123-131,
(2012)

(7) RUVETE, Hapa ), (LAsak, AR, 1 oem: EH)
11— P ORI EFHEO QOL 125 4 2 BIC ¥
% JZaEFEE%, Honda R&D Technical Review, Vol. 27,
No. 1, p. 72-78

(8) AHFM LHMASH:EE ) T 4 DA, ¥ 2
T 47 EY T4 LR — b 2015, p. 13-16, (2015)

(9) http://www.kantei.go.jp/jp/singi/tiiki/kokusentoc/

kinmirai/h271001shiryou.pdf

(10) R HWE, & HB, RANB:UNI-CUB O,
Honda R&D Technical Review, Vol. 27, No. 1,
p. 36-43

mE Enl

- A

= il hE
m.IL ‘gA A
7% N 1E u& KMA &K b XX
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Honda WANDER WALKER CONCEPT O 7 # 1 >

Design Philosophy of Honda WANDER WALKER CONCEPT

P S S % OB oA R T |V
Tadahiro YAGUCHI Kanna GOTO Mitsuhiro ABE
5 & Z = W b ET
Takahiko TORII Asagi MIWA
= = ABSTRACT

SEE T, [HdootEo< v 26 [Alhootds
KDANEKRELAEEYID, Tk OEOa Y32 MME, &
TR DOHERLZ XD 226, BITRE O IEK 2 EEAL
LT3, @l %13 CoRBIHIKE OB & ik~
ANOERRIEE 5> TWB T Eh 5, AL MBI 4 il
5255, BLWWS—YFILELY 7 4 ANOHIENEE 5T
W5,

Honda WANDER WALKER CONCEPT & & A &1
W 7= KB [#dil~4 v as— 3] # HIEL THTEL
7z, BB S 7 OIS EF ST 55y =Y F YA v
X, HE,PDA VT IFIZTZEALR TS A XL LT,
HLRE 540 mm, fR/NEEEFEEE 1,000 mm, [ 2 O5HERE —
FIZFEBLZ b2 DR d VRN 2 REO LR
FTXAEHIEL, V4L N—Z2F7 ) VAL 4
SR 2 DB N ) 7 2R $ 5 [RFO 7 7)) e &%
FRLZEREE T 79 P 7+ — L0 [l A E— F(HE
B — b ERELE 2449 0 FHA VIZ[URBAN
CONSTRUCTION STYLE|#2 v ¥ 7 &L, Hihh i
BUZHIRED Z 24 ) v v 2 T DT EWEEY Y Tk
A v IV —okiEcBEL L. 270 — 215
ZeT, WINCEHBZE S — T ANR— 22 EH X7,

Advanced nations are undergoing a major shift in
direction from “car-centered” to “human-centered”
urban design. Essential functions are being concentrated
and city centers are becoming more compact, while
initiatives to provide and expand pedestrian areas are
intensifying. As we welcome an era in which the number
of elderly citizens and others experiencing restricted
mobility will increase and populations will undergo
further urban concentration, expectations are increasing
for new personal mobility aids that will supplement cars
and public transport.

The Honda WANDER WALKER CONCEPT was
developed to offer an “urban micro-mover” that would
encourage all users to leave their homes and become
mobile. Seeking a package design that would contribute
to reducing infrastructural barriers, the development
team achieved a size that would make it easy for users
to access urban infrastructure. The WANDER WALKER
CONCEPT is 540 mm wide with a minimum turning
radius of 1,000 mm, making it capable of turning in its
place. Twin-lever steering has been employed to ensure
intuitive operation that is easily understood by all users.

In order to reduce psychological barriers to leaving
the home, the WANDER WALKER CONCEPT is
provided with an information and communications
platform including a “Safety Watch” application, and an
electrically operated seat with a “Welcome Mode.” Under
the concept of “Urban Construction Style,” through the
use of a simple twin-frame structure the styling design
of the vehicle achieved a stylish yet unselfconscious
design that would fit into the urban environment. The
use of a frame structure also made it possible to provide
a freely usable cargo space in the interior of the unit.

1. 13U®IC

Honda i%, BHAZBEOZEV L Eh THg et 20
FHAEED 3 VICHIEL, $RTOAD, L2 5RLLT,
EIANTELHHIBE T2 N TE 22D FEEE HIE
LT3,

% Ufs R&D £ > & —

MEAE, JEEE, $5I HAR DD 7 b o Zuk 7 k4T, B
B0 £ 0 & COx PR HIRATE O #E L, #ilidAo
ANCHER Y 26 & Rz 72 BRAEA 5 AT L 7245 <
D PHEEL TV B,

BRI I3 TGRS0 b izl i
JE A T ICHE L, AR S LD k2 b LTBT
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M AR T 2L 4 Ty M EIRE, LI T3,
ZOMER, 2T a TEHEL IT - 2DHKEM

- C, AR E, FHCRBEIHRE O EE O ME,

DR ORISR G 7= 5 EE LCLH > T

Honda i3I/ S—V F LT LY 7 4 Fifdzs G W %
WU T, (@R A E, QOL (ARG 0E) OMER E A
BEIOH LMiiftie 205 2 L 2R L 7.

ZTho OFEIEER AW L TH L NZHM RIS
X, OB LS — I FLEE Y 7 1 AlHIANDINA
2D, BAFEICHLD A 72,

S5E U723 Y &7 b EF )L % Honda WANDER WALKER
CONCEPT L 4fHiF, hniE— 4 —3 3 —2015 CTHRE L 7=.

2. 7Y« A w7k

Lk, WERCTORMIA RIA Fh B REFRANET D E
S A2 =7y b= LED, BITEEEE) T4 0k
LCHEMD D 5/ Y FATIEEHF NG JIS Bl 2 X — 212
WA R 72,

KA S= U FIEE) 7 4 FREFEBR TOREE 3 F]
H#HEDOHE DI L, HillkD /N FARIEGHE O TOH %A
PRGN ORI KSR 2 5, DRI N Y 7, B2t
T 5507, BRI N T A& AA Y, K2R H O
B> TWBZ enbhroiz.

Fig. 1 IZ/R3LBERY YY) 7 (Psychological barriers) &
i, [RICH 2 MADHBR]IR, [FHIT 2 Lt NIk e
HFHENFTLES LRSS XFD ), E[mmMFHMTO
SIS A RIEDOR A 2 E %5 S HT.

@723 ) 7 (Infrastructural barriers) &1, [Bz%
L OBERIRI, BEEHUEO MK, FHLZEE AN
BOEHL, TABICES IS 20, BTk s &2
AMRAONE BNV EEEZDHEDHT.

H{KH N1 7 (Physical barriers) &1, [#i17, BES, &
NOEZR, [BEEESR e #5720 3 F 3 2ENH

()

1

Psychological
barriers|

I} ;

e

ﬂ
barriers

Reducelth r|ee|barriers

Physical /
”

Urban Micro Mover

Fig. 1 Grand concept

FH50TREVWSEEI2H5DT.

INEDONY TEFHFAL Vv EHIicRRE 374 7 4
THLEHED LS, kb S ik IS5 IC i T 72 <
%, —ANED T~ A 7 as— ORI EHIEL 7.

3. Ny F=ITH¥1>

BEZEB ) 7 ORIKIZF G T 559 r =974 v
X, BN, B, TuN—% BHSE ks VTSI
TOXATESH A4 XL LT, BKIE550 mm AT, &/
[\l 1,000 mm AT 2 BEICESD 72, £ OFEHIZIT0
O ONER], BXEITE H 5. HEnlEo di k38735l iz
FHBIURD OHTHIZHI DRV E NI L ThHilR A T
TIZZ 72b 5 7z, NEREE % 1,000 mm BLTICHIZ 5
AR OUINfE KREL TH2LENH D, Z OB HEDI
OERE ) 2GRN S 2o nidmRE) & Uz, 7z, f
B EIFVANE IR D BEER A A 2 4 — XD
B2 B 7-DICEE 260 mm DA A YH A XL 80 mm Dix
b B & &tk & L7z (Fig. 2). 204 TFT, ®OEO M
74 KAV bOWEYINE A LA D 72 (Fig. 3).

JED JF L RIBRIC, BAETES Sy r =Y T4 v EE L
5 FTHEHEABERTH S, Yy, EBHHENTICHNLGNIS
VaAd AT 4 v I BMEMISE E L R TETHIETE 5
R, A= ZMIZHFI D I T & BRI RZZ 08, FERIC
6 km/h &\ 5 2 — F Oz E50, 7L —F
AR E, RELZZZEMERTSICERENT &R
HHR U 72

Fig. 2 Package concept
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—HIN=V R4 TOBHIHE NI, BRI,
BAEAERICENT A ZENTES. N=N VY FLaA4
FORWHIZZNZ T TRV, BIFEE LTbh 5%
BHEOSIE, ZEHEH O OBITEICHMS 0N DH 5.
Bz & B A D/ S = Y FILid . — 02655 &
DIZIEbDRTVWZ LRz 5, D EEE 2 CTif
MBI BRT B YA v L= 2F 7Y v (TLS) % 4F
AL 7.

WS =Y FILE ) 57 1 FGEHBE CEH F T2 —
PIZT Vv r— eS8 2 5, Rl LT—HFLr»ro7
DN, H—=TAXR=ZADNP%E L, BEMNENWI LT
Hote. Fie, BRMEIFHEBRDICSVWHHRELT, b
ALy b R=3D 12T =NS8R F 4w afy s R
S5/ Ny 2 %#ZFFTED, ThOoRMEKTE L H—T2
NR=2ZDAFE /Ny r =V FHFA VDML LT

Fig. 3 Package prototype

4. 224V T7%1 >

FHZHFET 2 =D0/N) 7 Tikd KE & & DOHRDHN
IN)TEEZD. FBUHMAE Lz a i Z &g,
MIZEFH->TNBEEDLIZDOT, TR v
En, T R ETHT S EMMADRRIZAZDOTIRE
DEFREEE, M AL ERSR RSN S,

HSZERMTALL AL, ZAZA4) v aTEDIT%
WA 41 v a2yt b & URBAN CONSTRUCTION
STYLE & U, ikricBligedr a8/ L 7.

SOOI WHE»EZERLTWE TV F2Ar—7
THAVEBZIZLENS, ERHE 6 km/h &30 2 5
DT HBBEIETFA YOS ERART. —KDTL —
LATEAEPBATZ LI KLY VTNV 4 VT L — Lk
i, ZORXPLBEWENSEL VEAN) - T s F
D &S IO RBUCEIGE (Fig. 4). £ 7=, kD=7
Mg FE2RELAVAHE ) —T A= Lz, Y
47V =N AL TY, 2440 V27
HENM AW L R TH % (Fig. 5, Fig. 6).

ISV I DOLEOENI TV XA A4 VI ASAEENA
Ealatbezod A 1) v 2 Wi Lz O A b
)y ZHEOITUZ & > TP A Hig L 72 (Fig. 7).

Fig. 5 Features of Honda WANDER WALKER
CONCEPT

Fig. 6 Final exterior

Fig. 7 Airless tire
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5. 1>2-T1x—-XA7H¥1>

MBI L2 5HKORZ 2R UIED 55O % —7 v b
I —=HIZE 5T, BERHEOBAEL N 7l > T TiE
AKREFTHS. LrL, mmEcEEkTs26EDORA
BNTBEERA V2 — T 2 — 2 WIS 2 E DD
b, LHEFNY T LR S, HEIZE DD R T VEIEK
BHREO LR T XL, Fiffflizfiocd ThALEDD
51— HLFHEA Y (UD)4 & —7x2—ZX%&HIF
U7z, Ffud TLS, Bifjadat & M) Lz % & — M
I, REFO 7 TVD 3N TH D, 72, TN 2D
45D Information and Communication Technology (ICT),
V2X R HEe®E, HBEEEH &y 5 72 Intelligent Transport
Systems(ITS) DIEHERE T T v b 7 5 — 2 DI Z
NPSEDI=YFILELY T AICHEBETH S LH 2,
WANDER WALKER CONCEPT T84 v F4 7L vy
P AEERAZE LCF YA VISHIAAAZ (Fig. 8).

TLS i Honda 2 HEICHE R L 2 0i 28 HIRMEIZ L 5 2
FTNVIBERETH B, HENEATITH Y, %
I 5 2 B O ME R AR 12 K 2 0 0T IR SR A3 A
ENTVB Y W, 27754 U4 YRI5 2 &
THEAE T & X BTN L T B, AR fIE N P
ORTFBEFERIZIG U CHIE X5 2, EHRETHY P
ERAEVY a VETHEL ZBADA, Z O hER A A
HE& . BEPREELR TV Y=V FLKERE & il A 72
TLS HREIX, BIEIC SR TVH LW AT 7)) v 7
e L & 2 5 (Fig. 9).

BIERG 5722 — R XL —XIETETCORNE L
IBABEIIT, PUWAE-FY—FAERLE 2—F
BROWELRD 2T Ly bEFIFLANSEDL &, TR
DREWL, V= b2 =¥ O 2MchEEL, 10 E M
%, ERERTLEVNIEDTHS. 512X TLy b &

ICT

2y

Fig. 8 Connection via ICT and ITS

FrEDOMNEICY y b5 &, HEIMIZZ & V34 E— FIC
55, »ACGENTRREL CHB TS Z abhhr 720
3, EMLICESHERER > THMELTCLE 5 2
XS, A -VOEBIIRLTHXNTZ LA HEHT
H5.

DB S) 7 ORICIEREDO R E NS Fhd 5. WK
IN=VFUEEY T 4 FEEFEERTIE, RFD T 7 R
L7, FIFZE, ZIEOT v r — MEERTIE, RIFShTn
BRI, BT TR RLEDSHEIZH D, S HED
By — Ik D55 LI L 72,

RSpO 7 7VICA, 2RO, R, @
REBY 7 M 5207 7V FEREHFILND. ZThbllk
DA B 0ER N ) T AR I, T ATk DT
ELRWIINASAS T ZENRMEEE LS. TXTOA
N, BHDLT, EINTEHHICBHIT5ZEMnTES,
BE§ 200G 5.

Fig. 9 Pivot turn mode realized by TLS

6. NT—FHA>

HEMTHD ARSI AEKR LS EEEZT
LT, #5—-—a3v+& 7% URBAN NATURAL
COORDINATE & L7-. RZEHDHEL X217 Tal, Hig
A M 2 - KB A KB L 2 (Fig. 10). B4 X =YD
AUA VTRV N IT—DAVE R = 3 VEFAL
72 T AFVTHITI—DETAL ML, BhADS S
A= b=VT 739 VOKREWNTIAY F 72 MEDF5Z
LT, BRAELXDBRPFAIEIREIEE L 2, TS
BB BDEIBENA T -2) -V ELIALY
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Emphasis on solid frame
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Eliciting feelings of lightness
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-

Natural —\

Warm and tactile
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REAL LEATHER 4)

URBAN NATURAL COORDINATE

Fig. 10 Color concept
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WEEZAHA4) VT ONREEGREL 505, BUEOHS
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7. A>T EHEZEMN

FHE— 4 — ¥ 3 —2015 {2 Honda WANDER WALKER
CONCEPT #HE (Fig. 11) L, /S—VFILEL Y F 4 2
VYT T = ATT v — b E T, 5215 1% 0
INU7=. Z®> 5 Honda WANDER WALKER CONCEPT

Fig. 11

Tokyo Motor Show 2015
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T ANOFLFHE A B - 7=
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LT, FliZary v 7 bAOHE, REBNED» - 72 (UK
Wmaxy b%&idd.

[EEbtl2icig 22 LD A TH 5. HEE
A= OB BT EFRAT BEBEFEL 720 ], [k
KEZZLENS, JLVOFEICTBRE LS ka vy v
N AR L 720, SRR AR B2 F->Tn3 ],
(Y37 P BERT 4IAD SN2 IEHEO R X BEHIR
M1, TTLS 3R ICEE IS D Bz ], [HEAREE
F =Y &0 TPO 2B WEOHEWT 4L vk E. D
FORE» S, R LT V2T N EFHFEA Y OZEM
ERE T & /=,

15 A7«

8. ¥&®

FA%EF — 414, Honda WUEGT 9 4 » OFiffik ¥ v 2 &%
KERIZEEA» L, 3 vo52 b a#fiZEiic i 5 4L 0mE Rk
HEOBH = — XIZB A, HORbOWOEHIZEHFS TE
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— 118 —



Honda WANDER WALKER CONCEPT O 741 >

—J5, 2020 4E A ) Y E 285 ) Yy 7 DR
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(4) RIVEE, SRR, (Lo, PRAR, )15 : % B
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Honda Smart Home System Experiment Results
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L3 = ABSTRACT
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Honda Smart Home System % F\\)72FJ&ETD CO, PEH
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An experiment has been carried out over a period
of approximately three years using the Honda Smart
Home System, which comprises micro combined heat
and power generation system in combination with
photovoltaic power generation, electric vehicle, and
Smart e Mix Manager and is conceived to reduce CO,
emissions from ordinary homes to one-half and then
eventually to zero. The purpose of the experiment was
to study the effectiveness of the system in reducing
CO, emissions from the home, to examine the issues
involved in reducing CO, emissions without lessening
the quality of life, and to explore possible approaches
to achieving zero CO, emissions. At a building
identical to the experimental house, electric power
was purchased from an electric utility company and
a highly efficient gas hot water heater was used to
make hot water on the assumption that a conventional
household was consuming the same amount of electric
power and heat as the household where the experiment
was conducted. The result was that the experimental
house achieved a 51% reduction in CO, emissions.
When solar water heaters, biofuel, and other such
renewable energy sources were used, a potential
direction was found for achieving zero CO, emissions.
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Fig. 1 Southwest side appearance of experimental
house

Fig. 2 Northwest side appearance of experimental
house

Table 1 Experimental house specifications

Total floor space 171.13 [m?]
Heat loss coefficient 2.03 [W/(m*-K)]
Building orientation South

Table 2  Air conditioner specifications

Installation location Cooling capacity | Heating capacity
1st floor living room 7.1 [kKW] 8.5 [kW]
1st floor Japanese-style room 2.2 [kW] 2.5 [kW]
2nd floor master bedroom 2.2 [kW] 2.5 [kW]
2nd floor south bedroom 2.2 [kW] 2.5 [kW]
2nd floor north bedroom 2.5 [kW] 2.8 [kW]

Table 3 Heater specifications

Heater type Installation location Heating capacity
Hot water heater | 1st floor Japanese-style room 3.5 [kW]
Gas fan heater | 1st floor Japanese-style room 5.81 [kW]
Hot water heater 1st floor bathroom 4.1 [KW]

Table 4 Hot water floor heating specifications

Installation location Heating area
1st floor kitchen 2.4 [m?]

1st floor living room 8.0 [m2]

1st floor dining room 7.2 [m?]
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L=y a YV AT LB
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o BiERIMIEH 23 a iz,
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Table 5 MCHP power generation unit specifications

Power generation output 1.0 [kW]
Exhaust heat output 2.5 [kW]
Gas consumption 4.21 [kW]

Table 6 MCHP hot water tank unit specifications

Hot water temperature Approx. 75 [°C]
Hot water storage tank capacity 90 [L]

Reheating capacity 12 [kW]
Heating capacity 17.4 [kW]
Maximum gas consumption 50.0 [kW]
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Table 7 Photovoltaic array specifications

Manufacturer Honda Soltec
Cell type CIGS
Nominal maximum output 4.44 [kW]

Table 8 PCS specifications

Manufacturer Honda Soltec
Rated capacity 4.0 [kW]
Power conversion efficiency 94.5 [%)]
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Fig. 3 System configuration of HSHS
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Table 9 CO, emissions per unit

Type CO, emissions per unit
Electric power 0.192 [kg-CO./MJ]
City gas 13A 0.057 [kg-CO,/MJ]
Gasoline 2.322 [kg-CO./L]

Table 10  High-efficiency water heater specifications

Energy Energy consumption efficiency 93 [%]
consumption Hot water supply 95 [%]
efficiency Hot water heating 87 [%)]
Table 11 Vehicle specifications
Experimental house | Conventional house
Name FIT EV FREED
Model ZAA-ZA2 DAB-GB3
Full length 4,115 [mm] 4,215 [mm]
Dimensions | Full width 1,720 [mm] 1,695 [mm]
Total height 1,580 [mm] 1,715 [mm]
Mass 1,470 [kg] 1,290 [kg]
Fuel consumption 16.6 [km/L]
(JC-08) 106 [W-h/km]
Battery Type. Lithium ion
Capacity 20 [KW-h]

RThHD, ThoHEZTINFT —JHD CO, P RIFHAL
ZHWWT CO, BRI 5. Table 9 125 MDD
IV 72 CO, PRV R HAT ) 2R,
PEREUEEDOBNHRIL, FabEEMOa vy P L
ERAUCTHERLZ “B) LB &, =7 3 VEIHE
HOMET 3. ZOBHIBHSH,ISMAT S, &
WEAR Wy i3, ‘BB OB R W, ‘=73’
BIHERE W, 25X (1) K0k 3.

W,

vhe

= del + Wacu ( ]- )

PERTUETIE, T ARG St 6 H 2 EAL, ERh®
W A2 a vy a i HNTHE» LR A2 5.
WEPFE 7 a v & @R ec K D iAKIER TS .
A 013 2015 AR T ARANICIRGE T
7oA, MK DS TTRE ey A IR L 72, Z DM %
Table 10 12777

PERFUEL OB 0, &, FIEEERIHD G5 5w
Oy, FREFEBRBO “BNIKE"HYE 0., FEREFEFMH O
“IRNETR T HE Oy BN H ZAGE R DNHE ., 205X
(2) &bk 3.

(2)

PERIUETD F AWEAT V0 F, HERAUETOEFEH
Ouner BB H Z DEGEE: Hu,, FREFEFMHT 27 7 v e —4
D H ATEE RV, FAEFEBRMAT 23 2 0D H 2 EHE =
Vi 5 (3) kK Dk® 5.

Qane = (Qnus + O + Q) (175 / 100)

Vvhgc = thc / Hug + Vgl’ + Vb ( 3 )

o PERAUMFEFE TR S FOEITEEREL, FEAEFEER O FIT
EV &EHUPEEEHC Uz, 72, EMIZ FIT EV & H{AkD
KEEXMEVH &7 ) — FWEEE L Table 11
IZFITEV &k v &7 — FOMELRT.

3.6. BlE#E
3 8 & O R, 2 A& KRFEDO T, D4 A
FKIGETdH > 7=

4. fER

FEEFFIC s W CEHIN L 7= A R, 7 AW A R &
AFRELDMORY

41. ENEAE, T XAEAE

Fig. 4 ([Z&HHARIP O, F 2 & B XU EEOE
& A 2 OF- A R &R R, BT - 2137
H»oB4E6 HE T Fll& Lz BHERENE EV
TETHDLNIZ. ThoDORNEECEWL2IZTE729
12, RIENICT BRI, X027 a3 CfFHL
7-% J1 % (without vehicle) &, “EV ®E” TfiHL =8
i (EV charging) & 1257 CORd. PV XEE IR, RiE
INTHEFI L 72 “PV REM " &, 50 O Jj iz 3w
WMANT PV RAESMF S OB ZENEH 52215
WIS CREE L 72, PV REE T, FENCHIH
ENAETHMABNELIENRS N, £, B h
EINTBENELERBE L COEE SR, 705575 RE
TOREEDWOELDT, TNHIF~VAFADETEL
72, HZAWRIMCHP &4 2avua, 277 k—RICTH
BwL-G0TH 5. FRICST, 201447 AH 5 201543
AETIROrABDTF—2Th 5. HAMIEHOFEEE%E
—AERNIZ F &7z, AFHHIMB TOFMEEETH 5. E
J1& 91 2 DOAEHEA BT 68,000 MJ & & 5 7=,

EV charging
= Gas purchase amount
m Purchased electric power (without vehicle)
u PV reverse power flow

g’ PV power usage
= 80,000
8
2 60,000
g 40,000
3 20,000
5 0
=
320000 HEEN NN .
E From July From July From July Annual
2012 to June 2013 to June 2014 to March average from
2013 2014 2015 July 2012 to
March 2015

Fig. 4 Electricity and gas annual purchase amount
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Fig. 7 Hourly electric power consumption with EV
charging excluded
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Fig. 14  Application-specific CO, emissions by month

BEREFASOBNEBNEAEPGBALZEAD CO, HE
E» 6, MCHP 2V REHICIHE L2/ 28144 5
CO, P BEEZWE LD THB. 22 CTMCHP »¥#E
P E L 72 2 Bk, MCHP #/Ex1= v Mx(ﬁ%bt
2 RAREREBHMEOLTHEEL, RERICHYT 2R
AT PV REMMSIE, PV %ﬁiﬂé’bw 5 BRENT
HEShZZBHERSOBE N 2B NEEH» AL 254

O CO, Prlit A £F. %72 “PV RAMMFS 1L, Wl
h AR L ASOE ) AT EHARE L -BAD CO,

PeE AR T, 2h 613 CO, ks & L TRifgofEA LT
75 T TR,

‘BRI RBETIC & B CO, BRI E DO FEHIZ B
My, Ty av? RAKE T ARE I EEHEES K
%\, £72 MCHP, PV, EVIZ& % CO, HH k& O
i, BT HEE L RS IC K AR R A DY RIS
WIS 5 72, RS2 OfIE, RENTO I 3L F —HE
HODEWFEEMKTIZIEFR CIZ A 572, CO, HIRNDF5-
EWVIBRITIE, PVISEEITHZ DR BEODITH L
T, MCHP \3#GHE =34 28 < MEHEHER ORI IE4)
RMEAH > 72

Fig. 15 I D CO, HIWRHEIA 2R3, PV ORhRA
B, PVRBIZXORENTHHEhEBhEEEIS

ISR S M 2B HNROIRESDE S &, CO, HIWE
7.

RO 72%

= PV power usage
= PV reverse power flow
= EV use effect

= MCHP use effect

Fig. 15 CO, reductions

5. E=

4L, PVIZ CO, HEHV EHIRICE IR D 5 Z &
WSz L LA, LD EW CO, PEH EHIE R %
HigL TPV @&b%%bf &, MRk TOE S0
BB A IS PV ORISR S B 558 Vhs 5.
L7257, COZ PEHE Y o 2B PV O 2804
ZETERTIODEARSTIEAVWEELS. F2 TR
X —OHpENE A SF AT, ENEAREE PVICKSEN
WHREAEIESE LOWREICWT, CO, PR R o 43
KT B HEEERT 5.

— 126 —



Honda Smart Home System DEIIEERIER

48X, FITHAAIZE Db T BEEICH
K92 CO,HEMEAZMETHEND LI L -72. Th
#HBULT 2 I3 TOHENE L 6N 5.

(1) KBBEASR e — MY T E, K0 SRR

BAEROTH ZBAREZRS T
(2)WEAT B H A%, /354 X IR EFAETHES 1L —
IE XL 5.

(1) O/ BT TR & H0, L BE0IRE,
WEIAIZ K 5 /7 ZAATO CO, PRIV E A HINT 5 Hk% MK
5.

Fig. 1612, AFZEEFER & 13BNz FHII L 72 B2245 K PG
BRI O K H O LB R 2R $

Z DR A FIZ, Table 12 0 & 5 o KEEEGR A % BN
LA ORMRERET 5. UNICZOREREETRT
o MCHP #fiBhHA 4 5 TG I hzB F L ¥ — %, TC

KIGEGEAS Tl -BUC@ XA 5. 72, ZDO5N7F

GBI A 5 OEIEE 11D B,

o METE XD KBEGRAKSORABMES L E 21T, KFE
g R x e Ak S5 MCHP BE2= v | Ol
IRFf 2 JA 5 %

e MCHP &2 = b OEEREMAINEIC K DD L2
e, BHEet» 5 OBHOMWATHE YT 5.

Fig. 1712 CO, Y ORGSR AR 3. FLaEFBpIC
4 m® OKBBEGEAK S & B%E L 22580, BE L WA
HR10% O CO, HREAIR 2R T % 5. KEGEGEAKE %
B L OIS IC X, MCHP #Ba2= - b OMERRIFEIZ
B b, ZNCKDENEARITIAZ 2285 ZA I
W5 DT, BETIE CO, PR EAHIK S 3.

WUz, KBGEGEKEROmEREZ X 5128 L2BA 0 COo,
e O R % Fig. 18 1R,

KIGEGE K SO A 32 m* FTHR LT, CO, Pl
HOHPRRIE T1% I EE 5. ZhiE, KEGEURAKSROR)
Ri2k 5 CO, I EDOHI &, BHIBAREORMIZES
CO, HEEDBIMDO b L —F A TI2XBEDTHS. Lz
2T, KGR 2 BIIRE T %2 DA TIE CO, PRV E
AXTIZTERNI L bh o7,

7 AMEATO CO, PEH R A ¥ uizd 512403, ke

70

60 o ¢ ¢ ¢ &

50 * *
40
30
20 &
10

0 T T T
Jan Feb Mar Apr

L 3

Efficiency [%)]

T T T T T 1

May Jun Jul Aug Sep Oct Nov Dec

Fig. 16 Measured heat absorption efficiency of solar
water heaters
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Table 13 Estimated PV output required to achieve
zero CO, emissions with heat pump

Conditions PV output [kW]
Heat pump 10.1
Heat pump with solar water heater 4 [m?] 7.1
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Establishment of Prediction Method for Fatigue Durability Applied for Exhaust System
in Motorcycle by Coupled Simulation of Vibrating Stress and Thermal Stress
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A method applicable to a design of a motorcycle
exhaust system in its early design process that predicts
fatigue strength was developed. In this prediction
method, vibrating stress, thermal stresses, stress
resulting from component assembling of the exhaust
system and deterioration of strength of materials
originated from fatigue by high temperature are
simultaneously taken into account. For the prediction
of vibrating stresses, flexible multibody dynamics was
applied to get accuracy of vibration characteristics
modeling for the entire motorcycle structure and for
exciting forces delivered from the engine vibrations.
Thermal conduction analysis and thermal deformation
analysis based on finite element method (FEM) were
applied for the prediction of thermal stresses caused
in the exhaust system components. For prediction
of the thermal stresses, temperature distributions on
the surfaces of the exhaust system components are
required. To estimate the temperature distributions,
heat transfer analysis, which is composed of a one-
dimensional (1D) engine cycle simulation and an
air flow simulation for the air around the vehicle by
3D-CFD, was implemented. For the validation of the
developed method, correlations between the results of
simulations and actual measurements were analyzed
for the vibrating stress, the temperature distribution,
the thermal stress and the fatigue safety factor. High
correlations were yielded between them proving the
validity of the new method.

In this paper, some of the application examples
of newly developed method to an early stage of the
development process are also presented. Through the
examples, it is shown that the application of the new
method effectively help designers implement feasible
measures for potentially frail areas against fatigue.
As a consequence, the new method enhances the
efficiency of the development of the exhaust system.
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Table 1 Specifications of test motorcycle used in
verification tests
Specifications
Engine type 4 stroke, Liquid-cooled,

Parallel twin-cylinder

Displacement

399 cm?®

Bore and Stroke

67.0 mm x 56.6 mm

Crank shaft type

180 deg crankshaft

Balance shaft type

1st harmonic, 1 shaft

Max. brake power

34 kW at 9500 rpm

Max. brake torque

37 Nm at 7500 rpm

Frame type

Diamond

Engine mount type

Rigid mount

Fig. 3 Test vehicle

and equipped engine
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Table 2 Conditions applied for 3D-CFD analysis

Solution type Steady state

Working fluid Air

Compressibility Incompressible

Turbulent model Realizable k- €

Cell type Hybrid (hex, tetra, pyramid)
Cell size 2-8 mm

Total number of cells 25,000,000

Vehicle speed 160 km/h

Velocity [km/h]
O M WM 160

Fig. 15 Calculation results of wind velocity around

the vehicle
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Fig. 16 Overview of one-dimensional simulation
model for gas flow analysis
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Fig. 26  Difference appeared in contours showing
fatigue safety factor before and after
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Development of Method of Prediction of Lifespan of Rubber Tubes in Oscillation-absorbing
Sections of Automotive Engines in Extremely Low-temperature Environments
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Takeshi WAKAMATSU Hidemasa USUI Hirofumi HANAFUSA
S S I B o B A B T
Junko EBISUI Katsushi HASHIMOTO

= =1 ABSTRACT

R AHBICE AT Y VIR AN T 5 T o
V—F LYYy EDELTLE Air Flow Tube DFmi T
HFHEERERL -

¥, TLOENEE), OFTAEREMZY I 2L -3
VHBER Y T by 2 T EBEL, T AMBOIERIN: A K
BECEBMTETILE L CREAN: CAE EF L&MW/

WIHRDIE N OFAEEO 5 BERER % 55 Z Wy, CAE
MEF — 2 NORME B Z k-7, ZORR % HIKIEHE
Y= 2 & RO D R U KRS K B 5 £ Tl
B 6 S-N $RX %K) 72,

FRER L CAE Pl 02 ) L — 3 v (g2,
W2 5 2 80) A RGEL 72 & 2 A, YERE:0.92 & &
2 O FHBI B R A ER T & /-

AFHEIZL D, CAE ORIl & BRI 2 PHld 5
FRMTHEA % S U demr PRI ITBE & 25 7z

A method of prediction of the lifespan of rubber air
flow tubes that connect the air cleaner and the engine
and absorb engine oscillation that will contribute to
efficient development has been developed.

First, software was selected that would make it
possible to numerically simulate the displacement
behavior of rubber and the strain generated in the
material, and an elastic-plastic CAE model was
employed as an analytic model to enable simulation of
the nonlinearity of rubber materials.

Tensile tests were then conducted in order to
determine the stress-strain characteristics of the
materials, and the results were reflected in CAE property
data. S-N diagrams were formulated based on the results
and results for number of cycles to fracture in unit
bellows test pieces in response to repeated oscillation.

Study of the correlation between actual test results
and CAE predictions (for bellows behavior and the
position of cracks in the bellows) indicated a strong
correlation, with a coefficient of determination of 0.92.

The developed method has provided an analytic
technique for the prediction of the number of cycles
to fracture in air flow tubes based on CAE stress
values, making it possible to predict the lifespan of
the products.
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Non-linear CAE Technology to Balance Handling and Ride Comfort
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DR A BRETS % 20, IR 5 DO AT L ARER M KB
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Honda’s in-house vehicle dynamics simulation
tool has been enhanced to balance ride comfort and
handling performance more effectively. To deal with
the characteristics that affect ride comfort, ride comfort
tire model was newly introduced and its parameter
identification method was developed for better
reproduction of vibration transmission characteristics
from road to tire. In order to consider suspension
vibration transmissibility from tire to vehicle body,
simulation models for rubber bushings, ball joints,
and dampers were newly developed that can consider
amplitude and frequency dependence. Their parameter
calculation methods were also developed. In addition,
to enhance the reproducibility of a vibration originated
from engine, a hydraulic engine mount model that can
reproduce amplitude and frequency dependence as well
as its parameter identification method were developed.
By incorporating the above technologies into our
vehicle dynamics simulation tool, it became possible
to study design more detailed specifications to balance
handling and ride comfort performance at early stages
of vehicle development.
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Fig. 1 Typical ride comfort feeling
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Fig. 2 Quarter-car model including hysteresis
elements in suspension components
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Fig. 3 Example of force and moment characteristics
of tire 175/65R15, IP = 220 [kPa],
measurement and its simulation with MF-Swift
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Fig. 4 Example of enveloping behavior of tire
175/65R15 with Fz = 4 [kN], IP = 220 [kPa],
V = 0.27 [km/h], obstacle of 8.5 x 8.5 [mm],
measurement and its simulation with MF-Swift
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Fig. 5 Example of 2D (15 x 15 [mm]) 90 [deg] cleat
response of tire 175/65R15 V = 20 [km/h]
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Table 1 Parameters for rubber bushing model
Static stiffness K 7500 N/mm
. - 1.24
Dynamic multiplication d (£0.05 mm, 100 Hz)
0.05

Loss factor L; (0.5 mm, 15 Hz )

690 N/mm/100 Hz
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Fig. 8 Comparison between measurement and
calculation results for dynamic stiffness of
rubber bushing
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Fig. 9 Basic structure of hydraulic engine mount
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Fig. 10 Hydraulic engine mounting model for MBS
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Fig. 13 Chassis excitation test panel in MBS tool
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Fig. 12  Joint definition panel of MBS tool for designer

Fig. 14 MBS full vehicle model
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Downsizing Technology for Chassis Parts Fastening Structure

% W ot BT e W HE AT
Motoki HISHIDA Masato SATO
oW ET P A/ T
Akihiko ASAMI Hisashi ISHIMATSU

2 B
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<, MAEREE RO/ LR & B L 72, HBIT 27200
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DEMEERIL b &, RS A i o BRI R el 2
BAFE U 7=, $ESRFEINIC & % S b €I AR M 2
KT FT2720, 5Ty T4 VUM ERLZ/S—F 4 MR
AHWEEMRE AT 7 YUK N ERRL, Emmgike
ENBEE O 7 & FZEL U 7=, BHYE U 7= s I S R
W5E H R 12 HE D W TR & = MY o R ks & D,
LREMNZMT XM AMERT 2 Z L 2R e L7z, fifkG
A1 O BRI EEE R E RN 12, SRS R /NI IZ &
BTz Z2ho “D0HE 2016 4-EF )LD CIVIC iZ
B CRIRSEAL Z S c i, F 2 3 EAMISE AR T
WX, BErORlisYy 2y Y 3 v ERETE 2.

ABSTRACT

Downsizing technology for fastening structures
was developed to realize a low-cost, next-generation,
lightweight, high-performance suspension. The key
technologies developed to achieve this were strength
class 12.9 and 14.9 high-strength bolts that can also
be applied to the vehicle body, and technology that
controls the limit friction characteristic of the fastening
joint surface. When the strength is increased with
conventional thermal refining steel, the delayed fracture
characteristic decreases, so a high-strength hexagon
flange bolt was developed that uses patenting-treated
pearlite steel to realize both increased strength and an
enhanced delayed fracture characteristic. Technology
for controlling the limit friction characteristic of the
fastening joint surface made it possible to secure
stable slipping resistance by optimization of micro
unevenness, evaluated using developed accurate
friction coefficient measurement technology, which
helped to downsize the fastening structure. These
two technologies were applied separately and in
combination as appropriate to each fastening position
in the 2016 model year CIVIC, and helped to achieve
a lightweight and low-cost suspension.
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Fig. 2 Schematic illustration of bolt fastening structure
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Fig. 4 Shape difference between hexalobular internal
bolt and hexagon flange bolt
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Fig. 3 Relationship between bolt manufacturing process and strength transition
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Fig. 5 Relationship between tensile strength and wire
drawing rate
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Fig. 9 Relationship between hydrogen release rate
and temperature
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Fig. 10 Comparison of Hc/He between conventional
and developed bolts

4. RV MEREZEAEOSRFEEFRHOER

4.1, EAE DR EEREE O AT DRI

AW TIE, WRE & 2R hEARE, HifEceT
MME U ZziABGE A R L, MAORBEBAMASZLT
A O $ XD Kk O E N EH % T & 3 5 FIEDHEY.
% iR Tz

Fig. 11 IZAFE TR U 7z BRABEE R ST o0
REOMEX EZ/RT. 7 v ¥ 2 DHEELIABRESE & B L
FBELLT, 2ROTFAME—-—ZAICKDF 2 PE—
2 B OS5 TEM A RBA DG & Lz, ik, ki
HETHH N T A2REN MG E LT, Aldh
F A VBEH R NE X N5 440 MPa OMMK, B i
SWCHIOR' W 2UEIRX 7z, & 52 LA MHEIZ X D
FrE sl 2355 & e BAZ, #IHE OS5I LT
THEHEAD LD, FRERANEZEELZMTI%2 1 mm/min
DOHME THIVIZA G L7, 2okt eHonhss i A LB

— 164 —



¥ v VR E R O/ N R

DS ZERLOBGR A 5, 528 11 O FRAE R & Gl U
7z, Fig. 12 IZRBR TR o W R AR, A EZEMD
BIRIC z2 ¢, ikBrh oL Ml hZ 8 2R L Tn5. 4t
HoZMric T, MHZEHEAMMERL TSI L
b0, THLIETE AWK 5 Z L2 6, i) H 6
KEERTOEE TR FllaR L& L, IRAEE SRR
HH U2 Ak, KB THOZZRER TE TR, RBRAER
DIES DX #MWA B 72012, NI 5RO D RE, B
Feil R o [ i & [ ik O A, 28R EE A E O &
Ak EOfiA DWREMZ 72, 7 OFE, Fig. 18 12R7
& 912, BERRIOFRER I TH I LA OBIRALRE L T
3 Z iR E N,

4.2 EEERAEMRKPRAEREHICRIZTHE

P 1 O RRA PRV KAE 9, FiiMEIR 0 B2 % WGk
TBHZEAEMNELT, ML DOHETHRICEDES R
75 % R PEIR T U T, BRAEE R OO i IR MGk & F2 i L
72. Table 2 IZABAF CTHW = FEIPEIROHIE T %2 R~ §.
INSDTEICTIT BRE/STA—ZDEFIZKD, Fir
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11 Developed slipping test method and

specimens
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Fig. 12 Relationship between bolt load and
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for developed method
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Fig. 15 SEM images of inner pipe surface after
phosphate treatment

Table 3 Laser processing conditions
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Fig. 16  Relationship between convex pitch and
slipping limit friction coefficient
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Fig. 17 Results of repeated force input test on Fe-Fe
part with micro unevenness
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Image Sensor Based V2V Optical Wireless Communication System
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2 B

B D HEE AL 23 30 9 5 220121, A O RAL
L ID Ik 2 ARGENPBEEL Sh3, 22T, @i
WEHETID #DVREZTE, #AFTICKDRELID &
FIREE MBS 2 Y 2T 44 HEREEO7ZDICHTREL
7o, TYUANNEHMAENAELT ZEFHTIEE L, BRR
DATERICKDMNHELERINT 2 2L TREFERET
3. &6, MM Y TV Y o84 IV %2%E2 52
& CHEER BRI LT3, 640 bps DIEFERIRIZT7 F v
YILZELDD, 600 m £ T+5.6 m DAMEA X CREHE
W AT RE 2 bl A SEBL L 72,

ABSTRACT

In order for multiple autonomous vehicles to
interact, they will need to identify one another
according to their relative position and ID. With
this objective, a camera-based system for vehicle-
to-vehicle communication was developed to detect
vehicle IDs and relative position by imaging optical
signals loaded with an ID and blinking at high speed.
Digital information is sent with modulated light that
changes in phase, and phase changes are detected by
lock-in pixel camera to receive the signals. The system
also detects distance by shifting the relative sampling
timing. The implementation can receive 640 bps
signals simultaneously on seven channels and detect
distances up to 600 m with an uncertainty of +5.6 m.
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IT #iDHELIC L D HEREfRE AR I kS5 L LT
W5, HEBERE T, 2845 2 L < BRMICEET
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i \
Wireless communication
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Fig. 1 V2V communication
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IR 73 T, EROBHRERBIZ2F > 2B TORD
o & 228 & e B4 3 OIS BT B IR A S U C R
T2 TH 5 Y. IEEAFREE AR T 57201
d, BAER L OR M2 REORE, BREDLEE, i
BIZBLTHFy ) T = a5 L0 8IZks,. =
DOINT A=BIZDONTHF Y )T =Y a3 v T5ZEEH
ASEC IR

BAPEI 7 % 7 IO T A& BT PR A IS & DR
DAL IV TETSHZENTE, 100 ns LT OFE IR
EROBLERT S Z LT, HEizRNd 545 TH 5.
BRmEEZETHA IV EE L TRBTIIE, BRIED 00
H A7 LR &S ISR TE S, [A ClifE T ORRE
EEAMIRD AT A AT LR T 2 &, #BTHEAMD DK
T45. HEMOLA IV IHRRLCTY, FERAITH 4 2
VI EEZTHEBOWEE 52 & T, BAaRD 3T A 5
ERICHIRAEE NS, REHITHARTHEC 2T T %
BARNFERENKEL L7280, BEHMEL TE BT
el s30T, Bkl A FHT 2 Z &I

FLdE, KFFETIE 4R 5D BT =
DOBEM BRI & iy, T —D O ff RS T RABERR
nREL R L

3. YRTLIRIE

Ky 2T LIIESERE2ETE RO T 5 P08 &,
Bk 655 E2ES L, BlEEmIT 5790 2 (TOF /3
N2) T B0 X FIZK BN ZTNEITF T 2%
2% e L5 & fae Y S P LRIk K DRk T h b
(Fig. 3). FEes 13 GNSS 12 & 0 HEE o 2E 3 5 & Fhk
Bt PEREAS A E L, X 51, BAIBFEET L, RitER
MK T4 5. GNSS 235215 T % & WA M R 23
MLOBZEND 5720 T, MHIARRIZZ 2 DI Tidkun,

Receiver

Lens

Image sensor
O D—» Demodulator —» Decoder

GNSS —» Oscillator

Computer

”

Fig. 3 System configuration
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3.1. B
AN ORI Fig. 4 DX IR I T 5. RE

ﬁ%%i%%@¥ AT B RET — b ORI TE NS
EIZOENSTNT, BAELZBHZEXRY — AL 72

ICER (RE)) b, FLuA vy — bogid@Eikzox
Mo TTNT, B4 LB 5. WS R &
ENAETIEGAN LRRIC L D BEROKE IS8 h
THEROIMIFiAM SN 5.

WODEMERED S B, BWFEIZEZDS b =D%fiH
U, BRI D —D &R T 5. TX1, TX2, TX3 &
NEFIZER LD 24 IV TR — 2T 2 2 & THET
Z A P I AR 8 I# 4%, TX1, TX2, TX3 I
DOFNIZ TX4 2FE< T 2 HE2»EEN T\ 5. TX4 %2
TV BRIk — MEEHCTw 5 (Fig. 5).

Drain gate V
"o TX1 -
D—L }
=T -> Outt
sz A
P + out2
sz
Photodiode R—
+ Out3
Transfer gate -....____ R —H
/ 2l
Capacitor -----...._ N a=ca SRR outd
’ Resetgate \ =K

Amplifier Readout gate

Fig. 4 Pixel circuit

3.2. &5

R IEWME I 5 36 us HH (27.8 kHz) 0%
V2G5 & FHARWEIE SP £ 45 (Fig. 6). ZD/S)L 2
24 [ldifgE L, Z D db &2 8 [y D2 IR 2345 < .
D 32 MM A 1 bit OWIM & L, %ﬁ7mv758&ﬁ
B SLZEFOMMEARIO Ty 2 2B L T0/1
AEBT S, 0TId2/37 (120°) #, 1 T2 2/37E5
4 (Fig. 8). 2%, £60° DFPHTHIUL /1 DB T
LT — kb . [F5HORIEIE CAHER T 5 2
ETY —XEET B, ZDORIZ0/1 2R S MM ZAL
35 XA 2 RFICESO RO, Zho s
NZFNNY) — & G F B &2 2 Eh D50 Mb - 7z
84 {HlD /L ZH|T—DDEHH| (v — 7 v ) KT 5.
Y= v 2O A EEE TRy 515 100 ms'? &
T2 7= DICEE S O®%IC S IC T B ARA S h
5. 2T, B 101 ID #%2E T 3.

36 us JEIHOIEAPIE I Z O IC BB H 2B 3
200 ns D L 25750 % HA TS, ZD23IL ZFD
FtG 24 IV 23 MER Tu v 2 ZEI1225 ns $OTHh TV
%, 80 TICIZRES.

3.3. KESHEHAR

2L ZFEDNAE & iR, ZFED 1 R A =D D& ff
FEREETH T LAl SR B (Fig. 7). 7272 L,
1MZFOH YT ) VTRV RNLBRNET 5720, [HL
JAMcoY >y 7)) o % 8RB L, L 44 IV 7D
B3 2R L Q0o 2R » S i L RIE A 5H 59 5.
PHZIZ KD, 0/1 #RBLEFHICOWT, NHEE
fLEBILT0/112tH5 95 (Fig. 8). 3% v 7)<

Period (36 ps = 2000 ns x 18 = 27.8 kHz)

TOF period (2000 ns = 0.5 MHz)

—_—

Emission pattern | | 1 | | |

TX1: Transfer gate 1 | ) 1

—

TX2: Transfer gate 2 | | 1
| I S

TX3: Transfer gate 3

Negative pulse (900 ns)

v

iPeriod (2000 né“:,.eoo m)

TX1: Transfer gate 1

Communication period
(Total: 1000 ns)

TOF period

TX4: Transfer gate 4 | | | | | | I | | | (500 ns'= 100 ns x 5)

D: Drain gate

[

Drain period
(500 ns'=50ns x 2 + 100 ns x 4)

Fig. 5 Transfer gate timing
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Sequence

SB: Signal Block

SP: Signal Pulse

TB: TOF Block

TP: TOF Pulse

| T+ (96.768 ms = 1152 x (2 + 80 + 2))

' T, (1152 s = 36 x (24 + 8))

v T, (36 pis = 27.8 kHz)

T. |[TBx9(18ps=2x9). | T.
T I

B D)0 —

‘{(2 uS)\’

TP x5
Ty |(1 Hs=200x5)| Ty

T

Phase =0°: Tw=0
Phase = 120°: Tw =1/3 x Tp
Phase = 240°: Tw = 2/3 x Tp

n: number of sequence
index (0..M-1)

Td=nxTr/M

Tow (100 NS) | Tpg, (100 NS)

— Luign

I—Iow

Fig. 6 Wave configuration

Sequence

Signal Block

Signal Pulse

TOF Block

TOF Pulse

Leader of SB x 2 +
SB x M + No Signal Block x 2
M: Number of SB = 80

Signal Pulse x 24 + No Signal Pulse x 8
Leader of SB: SB of Tw =0
No Signal Block: SB of Lyg, = 0 or
Period of Tw, TwW' is
SB of 0 < Ligw = Liign

Pre No TOF Block +
TOF Block x 6 + Post No TOF Block
Pre/Post No TOF Block:

TOF Block of Lyg, =0

Pre No Signal TOF Pulse +
TOF Pulse x 5 + Post No Signal TOF Pulse
Pre/Post No Signal TOF Pulse:

TOF Pulse of Lyg, = 0

LOW period + HIGH period

Ts=2+80+2)T,

T,=9+3)T,

1,=T,+9T.+ T,
T,=T;+5 Ty + Tyig) + Ty

Detecting phase 0 of three integrated values obtained by shifting integration period

C (00) C (0) C (0,) 5 C0)+C(0)+C(0)
| A A N
3 R= 2iMAX (ABS (C (8,) - % nB), ABS (C (6,) - % nB), ABS (C (0,) — % nB))
T
R C(8y) - 2.8
Dy=——3—
R
1 2
C(9)-=nB
> D=3
0 R
B C(0,) - 2.8
D=— 3
; R
0= % T —%Da (where D, or — D, is max)
=7 —%D, (where D, or — D, is max)
2/3n 2/3n 2/3n = % T - % D, (where D, or — D, is max)
Fig. 7 Phase calculation
= Todetermine 1 bit
@ of phase difference
'@ +2/3n (120°): 0
E A28 (120°:1 AL bit 0 1 1 0
O [0
§ Phase difference 2/3n -2/3n -2/3n 2/3n
|
~NJ : — O O =
Phase 0 2/3n 0 -2/3n 0
| (Real o | A A A
Reab) | 18 r Y Y \
3
1 [a]
Pulse wave ”
N U

Fig. 8 Encoding and decoding process
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MAEDDH RN 2/3x TEIZHMHERID TS LSIZLT
W3,

3.4. FEERE A

EEPREEC OB A SLH T 5 72012, MO R
L — 2 HR Bz, EOICRREREAHSY 257 412
& B35 &l 22 FEEERR I AN E LTw B (Fig. 9). 4
Jeiz & B PREERR L TR, R A R L 72 & X OBifg oy
A X1 R T OB, Jeam i3 miEo 4 Fl2 Bp L
T T 22, EEEOLGA EIEEED A2 EHI L TR
b3 27280, B TERNE 5. “KEHLY -2 Ak

Light emitted from A
t . ; ime i
Vehicle A . t: True delay time Time in A
d =>| b: Delay time as measured by clock of B
> d: Synchronous error
HU Time in B
Light received by A
Vehicle B Light emitted from B
I
t Time in B
g ime i
a a: Delay time as measured by clock of A

Ry, Bzl 7))y L Tndew, 55
ERZEL T L EDEBNKHTE S ZRDRT I ENT
EaWV. 2T, M UTHAEISHEB L TES 2R Hn»
ZO L ML LB 2 B SEE T % 2 & ClA iR
EEATHHL, EOENRHE 2T § 2. diilj A L7z
I8V 2N & M) B 235245 L7z & ZIZH B OREFTHIE
U738z b & UC, #iilj B 23 U 722 90 25 % Hilg
ANZE L2 20BN EZ a & L& 212, HAEOK
ATDRMIEGES d DA, HOBENRH t 1ZZhZh

t=b+d

t=a-d
DT, KRB dAHLETE
t=(a+h)/2

TR TZ 3.

2L 2 OB RGN, MR T v a4 R
VIEASUTOELTNE, —3UE» 6 BN Z R T
5. ADoOE/ L ZICHLTC5HDr— 44 IV 7 h—
BT AR MBS 2D, 244 3V BThi eV
WAL T 728, NN 5b 414 3
V7RO CEANKGE &9 5 (Fig. 10). H—0sOL 212
XU THEN IV 2D AR Y — o WEOHEE R 23 3%
2, BMHIEEAME T 457289, /Y= Z MIRIZ/SL 2 &4
BT ZETREEMIEE AT LEETnws, ZL T, #&
2L A EWE L TR X8 B Z 8T, IS & EEERTH
ZorT90S, S LA S FREER T 2 TRE L U 7=,

0 200 400 600 800 1000 1200 1400 1600 1800 2000

AN Y

)T

J

Time in A
Light received by A
Fig. 9 Distance calculation
1.2
1.0
2 08
Emitted light % 0.6
€ 04
0.2
0
Time (ns)
TOF gate Delay time
(TX4) pulse
12000
10000 "\
8000 A\
C4 Output Value 2 /\
when varying $ 6000
delay time =
4000
2000
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Delay Time (ns)

Fig. 10 Delay time detection
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4. AT LEE

\'/

4.1. Y 27 LR

Floy 25 sid@EEE s x5, Lo X, ¥k, T
EIE RS, GNSS AL — 4, Bk DR S h T
W3 (Fig. 11).

GNSS # ¥ L —41310 MHz /S 2{5%5 & 1 PPS @
IV 2G5 SN R L T 5.

EREPIERERE 10 MHz ISR L 724 % 5 Tfi5 &
Oy 2 E5H L EOERATONT 2 @EREERERE S &I
T5.

WISHEEED A 7 3SR T BIEIE, 4 v 4 —T7 2 — X
FCTHER ST 5. /IS 351 12 6 1 S 7=-mug(E 513,
BB, £ v 4 —7 2 — 2B ARTPC ARk S 5.

Peleaid, (EREERER IO AL L 2E5 % R
F 482k LED 288 L CRENEDHES & LT
T 5.

4.2, BIFREE

WgFETIIESH 27 WELRILEDEHHLTEHD,
1HZEDOH A 13— H 12 um DIESET, BRI
12 640, 12 480 TH 3.

4.3. st A H L$EE (Region Of Interest: ROI)

EEOFEAMN U % Edi 3 5 72 I /NEIR O FE A L
#MHT 5. ADO/NEBAIEERETH 5. fHIkIZ TN
FEIK &GEMMEIBI TR OB Thr 6h b, SRIOFRE T
—DOOFERMENIL 64 X 24 BROMWHEHTH L2 S5 HTIC
ZF ¥V LTWE, B A R D725 § X 8EHHRD
LD DB TR A i 5. FEHLAEEIE 27.8 kHz

DEF A KR L 55 720, HiEL 7205 DKk
R, FABEAME L AR L T B FEINEOERIER & %4 6 0.

4.4, ¥Bieem

PNA1E 940 nm 3 L <1E 860 nm THHIAH 1 WD
WA LED 10 {2 —FN23 R CHEUGE U 72, Bl A5
+35° TH O, EEITFIH L T, HEREE 2T
940 nm Z i L, BEHREE OB 860 nm % HiFH 4
5ZLHEMEL TS, 860 nm I3 REIZHAETZ 5720,
I K 2 EEEZET S EAEYITH D, 940 nm
BIRGRTOEE L LTIANTH 2040 H{TH 57
¥, 940 nm #HiK LED O & L 7=,

AT L%RE

\’1

5.

5.1. @148

I —FIIFELTOD1 Y =7 21380 bit THH, ¥ —
A3 64 bit, =5 —aT1E 12 bit, {HINEHR 4 bit TEH L 7-.
W10 Y =7 Y 2%RBIZT7 ch ZEETWRETH B Z &h
5, 1 ch 720 DifHIkiZ 640 bps T, 24K T 4480 bps &
55, F—=2EIIZID AT oR BB TF - 4%
BIEZ R HFSPHENRE DTS K527 5.

SEEVTEREAZE T B 72012, 7 * T L d & i X
o, FRBEERERP ORET IR IV 2D 24 IV
ZLRMIZbz > TEILEETWE, X512, BT 5l
RNE EE A TR ST L 72,

A7 AR R A D R HE R A X IR S UESRIE 0 & 1/8 BRIE D
HPHT54° AT THD, 0/1 #HE T 5 +60° OHPHIZK
LTHa/NENWT EMTERT X 7.

ACEmif 23 56.5° DL ¥ ZIZHRIBE#R T 4 L& — &4,

LED light Function generator )
GNSS oscillator
10 MHz
LED ki Driver Wave | Clock GNSS
generator generator oscillator
Camera 1PPS
Image sensor x 2 Controller Interface Computer
||

Buff 2

M uffer 3

Analog- emory memory g

to-Digital 1}

Converter $ (D 9

Lens
T FPGA FPGA
Pixel > Amplifier
A
Scan block
Clock |
generator
a 40 MHz

Fig. 11

Block diagram
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B TKEE B %356 OMGHEAFERIX 118 m THh >
7z RINER T 4 L & —1F 800 nm Ll FDOIKED N A E R T
5. LYK I T =12k ETOWMEAERD 5721
THEIRAREZE 300 m DI LICEETZ 5 Ll S h 5.

5.2. IEREAR I ERE

FREEM HPERE A I ¢ % 7212, WIS MERE & RIS 2L
Rl A28 4 % 2 & CHREE SRR U TR L 7=

SR (Y D REUEANE 20 X T ILUERRIE 20 & 1/8 5% D F[H
T56 mBLFTH o7z Z OmRH ATRE 2 PHEEIZ 600 m %
TTH5. WEEIZKBZHHNL5C » 6 35T OHifT
+03mBTThH, ZOMEHM-LSFv ) TL—v 3
VREAETHY, ZOHMAABAL TEABEL PHEINS.

5.3. IBEM4ERE

FE§ 2 IR 2 B 2 VR 2 Gl 5 720 1ch £ T &
[fin 2 7 — DI BT, A A2 A CEMFTEE 7 f g
%R L 7z,

ROTIZ & 2 /Nl Cf5 5 flan 4 17 5 BRI E BT RE 40k
TEOFE R 3D 480 WiELL FCTHRETH - 72, 72L& &
13, KFEEAN 60° DL Y XEHHL 25E, 51 68° 0
S CREIT 2 EEAEM T E 2 Z &1k 5. M
AIREHE 50 km DOHFEI, TAGEW 1 RO EIZ I 5 A
HE 3R 23° TH D, 68° 13+ THS.

6. BIEH X T DICHA

FHERKEREED X > ITHEEET 5 Y 27 413%
Fo§ B & TS 22 5 & PRI B 7280, RFTIZE
Y=V AFET 5 720 TR ATBE AL E e FEAD I
el LT, ARIZB 2 BB 2 e L7z

RN OEER 7 2 FHZERE L - fE SOty —a v &
FIHL, O EZSH T 57 2 b %475 7= (Fig. 12). k¢

6.8 m 7.2m 1i95 ln

00000
00000
00000
00000

14.55 m

7.25m

@)
——%

|
6.74 m 70m 20m
Y |
17.54 m |

\\
%

E—avEfis Z e ThREEMbTRMREE 5 5.

A AFTITEARFEFIEOBE A 180° DF v ) T L —
vavEInAIRL Yy X WEMHL, REARZ S E
ErEHREDOHEAERN T2 LT, O LEOKE
DONEELRAETR L, T3 24 HELTH
A FRAKES I E T 72720, BiAFICRA S 20 EE -
F 3B AT THREEF LTS, BAHMATH L
HATBRIFEIALS KHIZT B2 LT, RHOKEW®S
H3.

718 O FEHE AT A X 1% 0.10 m, A8 O FEUERTE A X 13
0.64° Tdh - 7=. (i #MEE$ 5 £ TIZ 200 m BHRBET, Z
D% ONERB IR AER T & Tndud, 250 Hz TH
WTX5, MEREZOOTEEEFEY LA%STHY,
FAEIZ OV IHIEERE L, e 1/5 Th o,
RFLEOERNED DA 5 72,

7.%&ED

ARTIE, ABHEICBT37 SV r—v 3 VERELE
LED IZXBHIHTHIEL, I AT TRETIMWMEI AT
AFLERE L. Z LT, FTYRMMSEHREBR I NS
AN EBMARD 30T 7 A 5 THIE$ 5 Z & T T OMRE
B L 7.

(1) 640 bps THAZH % [HIIFIZ ED F TRETHE

(2) Ik 480 MR / Fh O A MUE & CEMTEE

(3) 025 600 m DFPAT 5.6 m DAEA X TRREfEHH
TTHE

7o, BHETEAMELC, BIEH 4 T %Mo - fE R
WY AT LERETSZLIZLDK 15 m OFEPHTLLTD
PEBE % ffERE L 72
(4) P7E PR OEHERHE . 215 0.10 m
(5) % OFEHERTES X 13 0.64°

|
* * ST~ LED Beacon

Installing height of 3.2 m

LED beacon € Ses

Measuring position

*%\Camera

Fig. 12  Position detection
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Vehicle Performance Design System Using Data Mining Techniques
towards Model-based Development

fOH ShHdET # B OIE B L A

Tokitomo ARTYOSHI Masatoshi HARUMATSU Kazushige YANO

t& H O OE Ot B fdkRs” s i Ui

Takahiro FUKUSHIGE Kentaro YAMADA Kaname NARUKAWA
7 =1 ABSTRACT

B g [ 8 AT BB RS C A RE D H ARG EI D Y T T RE
B EREREET S X T AR L2, RV AT 4103, ET L
N—ZFEOHE Z KD X, WY A HEMEOWREZ T — 4
VA =V R OBERIC E D FEIL T 5.
K 27 LFHMHIEIOF — 2 2T, LT =20
Hetlin SR S 5.
() AET— 4% LICERE LTI FERT 3851
[R5 5400

(2) 22—V OEEAE KB @58k 7 — R ERMN T
BRI — 2 SR

(3) MERE L FETCOBIRA &, MERIZ K % BT 2346700
b % %58 M

MESEL 720 27 & HEBIPERES S 2 v — v 9 VITHE
M2 Z &, ot HiEE 4 2 MR s Tl
ARETED T L AMERL 7.

A vehicle performance design system has been
developed that makes it possible to assign target
values for different performance demands at the initial
stage of the vehicle development process. Based on
the concept of model-based development, this system
determines appropriate target values through the
application of data mining techniques.

The system uses the data available at the time of
vehicle development, and comprises the following
three techniques:

(1) A response surface generation technique that helps
enable high-accuracy predictions based on small
amounts of data;

(2) A decision-making technique that helps enable
high-efficiency data searches that reflect the user’s
intentions; and

(3) An impact analysis technique that makes it possible
to identify specifications that have the great effect
on performance from the relationships between
performance and specifications.

It was demonstrated that the application of this
system to vehicle dynamic performance simulations
enables determination of target performance values and
specification values simply and at high speed.

1. EADE

G H, HEHEEGHIIERGEMREC R M & &N DRE
NERRABIERPREIND K H I85> Th D, BHIEFEMGESE
B 729 DR EROFFEII AP, #HHELL TS, —Jf
T, FFHIM O L 2 2 P HRIET ] EhiE T EAREE
EoTW5.

F72, HEHETS I HAMICH S &, £ 4 % THKL
*  [U§H R&D v & —

* sk HERERARF e v & —

Th D, HELEZ L OWHILKEIC & 2 g o ilkos
FERZAE AT T D, ZOWRMICHIBT 272012, 74
YF oy TOBMBRETH D, AEHERSEKT, HET
O —DYEEN TN TS, L Db T Y 2 LHTENW
L TETBD, FRGEETES 207D, ¥ Ia
L=y g YRERT — 2 FEHO NN —F v LHFEET S
EFILN— ZFA% (Model Based Development: MBD) D
PSS E > T 5.
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EFIN-ZAFERBICET =T =271 Z 2 FHRINIC & 2 E@mMEERET S X 7 LDIRE

AW TIE, MBD %9289 2 Ml PEREEREr > A 7 4 %
Wised 2 Z Lok, BBYIMERSIC BT, BRE, Nk
VRS E B O Hil) H AL &, 2 MUSHD < BATTin 4
gz e, FEh#EON L& HiET

2. VAT L&

AR TR, F—2~4 = 7 Hilic HnT, ®iHRHE
BRI E NS B dm R AN Y 2 T A AR L, R
VERED b L — F o 7 & Z L & H 6 5ub) 2 H Il % 3% E 4
BEVHIFRALANEFTBT S,

ALz 274 (LITF, KV 27 L) 37— 4 R=2
(Data Base: DB)ZHF 455 —4 ) 7 UAIV I 5L —
gy W Dok KEELIDEMSEELE 4 5. Fig. 1

I PERERET Y 2 T A OB E A R

Fig. 112R$ & 512, AY 27 2%, #Hiljtkre %3584
5202 —424%Er =71 v (Computer Aided
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»
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Fig. 1 Vehicle performance design system

Table 1 Database matrix
Factor Performance
1 2 3 4 5 1 2 3

460.91 [2026.05| 0.42 |1418.89|2533.81| 6.15 136 4.34
448.78 [1775.30| 0.42 |1368.022511.51] 6.19 137 4.41
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o=

200] 450.60 [1745.68| 0.44 [1409.86|2590.14] 5.38 138 4.39
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(3) 25 )% 5387 (Impact analysis)
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Fig. 2 Effect on response surface
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Fig. 4 Relative error plot for three fuel economy
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g. 5 Relative error plot for two acceleration modes
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Fig. 6 Comparison of simulation data and response
surface model predictions (PCE-LAR and
PCK)
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Fig. 7 High-speed search method by data exploration

Fig. 8 High-accuracy search method by response
surface
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Strength Design Method of Metallic Separator for Fuel Cell

b NI
Katsunori SAIKI

2 B

BRI SR /S — 2 DRSS B W T, Bido
27 VL AETHRBEIRE B 2k D 20 OISR TikE
WEEEL 72, 27 v L 28O M TELREICEH L, @b
BORIEYITEE A 32 LT, @RE0E R+ 0§ Al
DOBFEBE LTEFKL 2. MR OBPEEE» & 8l L7225
O3 A & IR AR % N T, ﬁ%%?%&ﬁ?
RO A K7z, 72, BEtEZ & v 7 OFE
PR IE 2 S L — & %i?%%m%&mh%v4
ravy H— A SPEIZE DL 22RO A E
53R 7=, Z DIBTHE % MO RE I EREESRIXINIfifi < Z &
T, BEEORMBIxE S 5 Traratili & algEic L7z,

ABSTRACT

A strength design method was developed to form
channels using ultrathin stainless steel foil in the
structural design of metallic separators for a fuel
cell. This method focused on the work hardening
characteristic of stainless steel, and defined the
deformation behavior of the metallic foil as a function
of the strain value, based on the strength-related
physical property values of the metallic materials. The
shape range that can be formed with metallic foil was
obtained using a forming limit diagram and localized
strain values calculated from measurements of the
material physical property values. In addition, the
mechanical stress produced on the metallic separators
of the fuel cell during fuel cell stack power generation
was obtained from localized strain values calculated
by micro Vickers hardness measurements. The metallic
foil life with respect to mechanical degradation could
be evaluated by plotting this stress value in the
material fatigue limit diagram.

1. FANDE

PRBFE M E B HE (fuel cell vehicle: FCV) IXNBAIEEY % %
WL i) & AR A N2 BT 5 Z 2 HE LTn
%. Honda D FCV iZv v vF v v a2 I=v LM
DY &, a4y E U T A 2N AR T 272012,
B X h 200 2 2 o 2 3/NREAL, ST AL
PR OND. RHEZ 2 v 2123 BAEKRD L — &
& NEE M A R (membrane electrode assembly: MEA) A3 f
Eéﬁfﬁ@Wm1)Wﬂ$&Z&/7@¢mﬂim (5
B2 FBS 5 201213 8F 1S L — 2 DOJFE XK
L, B IR amﬂm bhtnws'V. Zho a3
B4 212327 vV ZARMOME{LABETH 5.

L2L, E L7227 YL ZETT L ZAMTLIZ LD §)t
BETHEIZIRCT 2 &, WEWmAR s 7 v 0 2 REZER
0 (Fig. 2).

* U R&D v & —

2OV S TEWEIRD R 7 T v 7 R Ed 0201
JR T 2 VARSI A B Y — 2 L X ¢ B A B 5.

l/:CX CLARITY
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\

Fig. 1 FC stack and structure
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design
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Fig. 2 Issue due to forming

Necking Crack

— 187 —



Honda R&D Technical Review

Vol.29 No.1 (April 2017)

X5z, BB & v 7 OREHIZIZESL — 2 &
LIS — 2 EDOMIZH D5 MEA ORFENGEIC & B EDZ
BB EOHARHEIC KB IEOEHBHET 5. 2O
HRENOZEINZ & > T, MBEEMHEE L/ S — 2121
WIZIDNEBHPEC 5. s 27V L ZETERE S
YN = 2T 5T, FERICHRET 2R IC K > TH
VAT, JEIT R 4 Fo A vk S ISR T 5 2
BWhd 5 (Fig. 3). £ 2T, AWFZ T LHE(LRME 7
HLU, MEOREX &0 S P, 5 O AR A ER L
72, 2D &SI L TE S NIB Il & AR 57 BRI i
M%< Z & T, FEmmallli & TREIC L 7z,

Fig. 3 Issue due to plate fatigue

MEA

Coolant

Separator

2. ERDHEBFEDRE

2.1. BRIURRR D BB

PRI, 27 vV ZABE TR ARIEDRD R0 7 v o
DENWT L AL A4 5121%, Fig. 4 TR L2 TFHEEFEOR
X, NAIR, &M, MMHES, WKL Y F 0o 2GS
FTA—ZEEXEEL DYV I ET L ZAMNMTIZED
ERLL Tz, fEBLL 724~ L O WL 2 & TRTY
BRIZEOWAR 2 7 v 0 &HERT 5 T & THUEZRA %
FRiRD Tz,

— RIS TV 2RI S OB T ORRA % Rl 5 Fik
& U TRIER X (forming limit diagram: FLD) (Fig. 5)
NdH 5. Fig. 512 F FLD IZBIEBREHE (forming limit
curve: FLC) X 0 /N B OFT A TH TR Py E
NRELENZE#EKLTED, FLC XD 3 kELVOTA
TREFELVREER S 9y IR RETE L ERT. 20
728, 7L AL ORI ATRE 2 i 4§ 2 012 R 5
DL LTUASHVWER TS,

FLD #fi<BICHWO NS 227 54 T P4 — 2 LikkR
5k (Fig. 6) TiE, 572 C® ¢5 mm 25 ¢ 20 mm DK X
S DIHUERIE A Sl 72 il A 77 L Z T & 0 ArE DR
1295, L ZAMTIZED & 62 Lo 723X O
IR L - HREZhZhllEL, RAFEDT e
RN IR N T O T A g E MRS T BB T\ b
T35 LickD, TN RGN OETEIREL RS 5 Z &
MWTE B,

L Lahs, 250 — 2 1 38M» DM LIk E LT
WA 720, ZORUERIEE, LS — 2 OFHE L 72 W E AT

IZPARIIZHE < Z &, ZIEMEAT O & W OB
NERG TGN, MECERE R 2255 %
N =22 L TIEREOEWT — 28355 hic{nwi &
M T D - 7.

2.2 EFRFADREBS

Z2F VL AETIER E NS SL — 2 DGR 43 5
BT, BRI Z & 9 s ORBRHICHET LB NIZL-T
WP TR Y ITIE A FE X g & S 12T 5124, BT
M) 77 & EREICIEIE 3 2 BB & - 7z

R 28 ) % B $ 3 FEO —DIZ 0T AY -V EH
WIBHERIES & 3 28, ZOFE T EOETIZOT
A=V EWED, HE L Z2OTAME, S IR ERH T 5.
L LGNS, 2L — 2 OB LEREIZOTAY -V %
W0 HF T, BELUEROEH LT 2 2 LIIES TR
BV, ZOMIBELTETS, OF AT — V&8 L iilkic
BlHE L - RRECHRET 5 2 L2450 T, BRElo RS
W A TR T AT e A S, 7z, D
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Fig. 4 Design parameters

,

Before stretching

4— After stretchin
Minor strain &, ter stretching

Y,
(+) q,'\//
QO
é\%\
\\
S FLC
N\
X
Q/Qs

Acceptable ‘ | Unacceptable |

0
Major strain &,
Plane strain ¢,= 0
S.
"Mote
’S/)s.
/0,7 >
rx
0.58*
() <P
Fig. 5 FLD
Before After
stretching stretching Definition of ‘strain’

Major strain ¢, = In (d,/d,)

Minor strain ¢, = In (d,/d,)

d,
d2

Fig. 6 Scribed circle method

— 188 —



MEEHHSBE /L — 2 DBEREFE

FEBEIZOT Ay -V EMDFFTLES LOT AT -
12 K AR CREBEEO S L — 2 IZRET B R 2
IR HIE S 5 Z LIXRIEREE OB N 5 Y] TId A,

ZD0, BB 2 v 2 OFRBEIZ LS — 2123
T 3RS EIERET 5 Z L n3ETH - 7.

3. ENL -2 RBOMERETFE

Y3V — 2 DT A ETEIRE &6 K 5 9% 57 T
% &0 LIS DM IR T RAMR D 3 ik LT, Bald
27 VL ZEOM LHLRHEICEHE B U, RO FETES
T2 5 2R FT I 2 OF A O FHI % T X e 2 6 8L Z
& AT

RIGIRA & R 37912, LV ZAMT. L=k 5L — &
DJFFT 7 O Al A il & CME AL, S FIH L2 Z
DUOF A E FLD % O TEMEZEIFRA & Ao 72, &k
IZESTRR R A MR B 7012, &SV — X IZRET BT
W12 AT VLV AEOE 2 5 /0§ Al 2 5 L
7o, ZOME L FEIIREMX A W5 2 & TR E A
B 7=, 20O k512, 5L = 2IZRET B3I NREE
DX E TN FNOTAEORME L TEHRT S LT,
YIS — 2R ORI AT TR A MR L 72,

4. FLD % B\ 7= BHEZE TR O T AlF il

U DI, ArEDIZIRIZ TV 2T Lz 250 — &3
DIGFTH 25 O AR O AD &S 2§ 5720
12, 7VAREY I 2L = 3 YEHOWTOFTAOMEMN &
AP 72, 2 2 TR RATIZZE T L 22 @i L
THUNMBEXIEAL SEH L 220 A E FLD ~NEH$ %
Z &, THIRTERR O ol 58 22 il % SRk 7.

41. TU RO IS — 2 (IZ3ET 5 U AR
411, O »EHHDIER

BRI 2 S L — 2 30 LTIk & LT 5728
HIE KRG OB & SR E P OFFE & 2O FhIZD
W, VAR I 2 —Y 2 YVEROTTRHEIL 7.

TV AR I 2= g ViZDOW ik Table 1 T/ L
TR Y T DN TEB I k72 ZORENEFIRT
Fefitn U 72 5 1F & TSR 2 897, AT SRRSO W T,
B TRRTEIR O - T T DR A T E T & R E 3 5 729
12, 25 — 2 RIRIEIR O — &8 % K HE U 7= 8 ¢ 9k L 7=
(Fig. 7).

F 7z, RNCRAET 20§ AEMRT 272012, Ay
YatA 31 pm EMUNREICEE U 2 5 2 o 72,

9, B AR O TR AT 2 56
T 5 fEAr & VL 22485 R %87 (Fig. 8).

Fig. 8 XIHPOFILTHIL 22 &R K& RO AH %

Table 1 Conventional method samples
Sample 1|Sample 2|Sample 3|Sample 4 |Sample 5| Sample 6 | Sample 7 [ Sample 8

Flat length 1.00 1.00 1.00 1.00 0.00 0.00 0.53 0.34
Angle 1.00 1.07 1.10 1.1 1.07 1.10 0.80 0.89
Corner R 1.00 0.83 0.67 0.50 0.83 0.67 0.67 0.83
Channel depth 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99
Channel pitch | 1.00 0.96 0.92 0.88 0.48 0.44 0.76 0.76
Judge Good Good Good Good Good Good Good Good

ELTWBZEEREL. 2L T, Fig. 8 T/RL 72 A-A
MZB T 2RO TAORES AL I 2L —Y 3 VICK
RT3 (Fig. 9).

BIGIZ X 2 FHOER T 5 HA%EY I 2LV — a Vg
L 7=#5%, Fig. 9 X A-A ORI THIL 2R KELF
Bt 28 O3 AAFELE L 72 (8T I2 DWW T, Fig. 5 X o
KEOF A e WATNZHOTV S, Wave IBIROFRIE TIZ
Fig. 8 XIFOMRKIEBTHIL 22N R M & K & < RFFgIC
ZL, FLD OfRATEOF A e filh st L T3 2
& AR L 7.

Unit: mm

Fig. 7 Simulation method

y J Localized strain |
' 8 g FEPED

Fig. 8 Localized strain point in plane direction

) j Localized stram '
LEIZTETE

‘ Deformation direction

Fig. 9 Deformation direction of plane
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12, 5IRREBIZ K DT E DO T A %S 2 2k A A 5 UE
L, ¥4 7ubtyh— 2 ERBAICKD, 27 VL 2
O X AWML 7z, 51RO/ IO TIZJIS Z
2201 (@R 1RARER ) Y OBE IS HES B 13B 5ikBR
B F 72,

Z 7 v L ASEO N L LR 2 2 M35 72012, filvh
WX A2OTAEDOREEE LT L 72, I Liifk & i34t
BOWMPEOT AL DI OTRYEFH NI S h,
Z OWHOF DN E & & IR QIR 2 E O BENNC
ioftvéﬁ%@’&Tbé 72T, MLk E 04
AZOBREERNT 272012, T LAEL % RS &
Lfﬂct._®%mmﬁtﬁmﬁ®m~ﬁﬁwﬁ%#
3. F72, HIBJNIMRIO5 BREER S 6 03¢ ADBIEK
ELTERMETZ S Z 06, ENEE LT ADRGRD
KED, XoT, ML LAZVOTAOBEKE LTI &
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KX (1) TEINTWBE Y. MIiZF—7 —TF, ¢p ZEK
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Z 20, MTHLIZEEMO$T RO EHICK > TOEF R
ENBZ N6, MTELIZKA2UNEE Hy EEIE o
CORMIZEBRLE D B L E A2 F72, —MRaHlcIER
BMEOKRENWE y =2 IR v 7T 2 L X L)B))
DMIIFEFRBERD B 5. UM X & OF ADBIGR A FBR
N RD 7.

f(HW)W=A*xc+B (2)

E-’E‘jj o & E;U‘j‘& Ep li.’i\\ﬂ]‘\mﬁ Oo L /.L‘\\ﬁ‘\vo‘j‘&
co DB CcETZENTES Y R (3), (4)#LITIC
N

o=00*(l+&0) (3)

er=In (1 +&0) (4)

K (2)12X(3)& (4)%RAT 2T L ThHUMEZIZA
PR ERAMROTAOBKE L TETZ ENTE S,

414 THRT 25— A 2T v L ZAROEIE I &
HOFABXNIR L TEWERlE & 722 5 Swift 24 70D
W (5) AW Z & T, By — A X 20 AED
Bl ERMT 2L TES.

BiohEo, BOTAEep L, F, b XU nidER
Th 5. MTEREE F, MTELERE n & UTHE
DFRFEYIVEL % Swift DR 53K 7=,

o=Fb+¢&p)" (5)

FEBIRAE LTS & L, A, BI3ERK, IMLELREE
F, INTH{iERE n &35,

fHV)=A=F[b+In(1+&0)]"+B (6)

PRI S L — 2 I L 72 H R 2 7 v L 2R o O
FTHREMEOBRE F vy b L, ERLL 2R (6) 256
TRLUEMERZ Fig. 101287, A & BIZOWTIE,
FE 5 KD 7=,

Fig. 10 /L 7z& 51
AHTE S Z L AR L 72,

LIEDORER»S, 27 VL A0 X & 7@ sy
PEE A FC LT, oS0 — ZICRAE$ B0 2 O Al
IZEWS B Z & T, N OB IR 25y — 21k
W, RFTIN A ZTEIRE % MRS 5 2 & & WTREIC
L7,

41.3. A7 L L ABEOWERDVR VT HOERE

2T vV AN I bR E2 AL TwWbs Z L &, (ki
EDEMETIZIHNT, MUETIC & 2 RATIZ R84 L7220
FTAREREMD RO L EFKT S Z LT, WmBgic &
O MRS A HIE U721 A 6, JRATO§ A& %8072, BORHE
W/ SL — 2 L 2RGE 2 7 v L 2SO RFTN a0
A ML ROBIR AT 5.

GIRRBIC K OFTEDO O AE G A 724 v 7L & BE
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Fig. 10  Vickers hardness results under various strain
conditions
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(10) T£E 2 9,
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©

FE—E DE&ME VTR (10) 287z,
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B2 7 2 L 2O O A LRI ROBRE T 0 v
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Fig. 11 Thickness reduction rate results
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Table 1 DREFRBUEL 724 >~ 7L % T, Fig. 5 TR
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FAE Storen-Rice DRI O FEEDG 7 % Fvi 7=
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Stéren-Rice DR < S FEE DB A A (12) T& 7.

er=[BF+nQ2+pY1/2Q+p (1 +8+p)]  (12)

Ufo&ﬂjﬂ582/8|
n: AL HE %

Jii < O g, A 5IES ha L MBER AR ¥
P, BT OO I T CHUE S AN R AR D § 5 Z L 205,
HHAM B S OB FRET H 0S5 2 LiE, T4hbbE
Fi< OB RBE LR A2 RBIRAE LTE6 26152 L
NTES, AR ZT VL A TORBIRAO PR 25T
HWZo>WTE, Wi Uh oM E2HWTFLC %
ELIRY A

ZZT, ML a EE2KkD 27212, 27 VL 2
SEOMBRERS A B 250, 27 VL ZABEORE 0T
AORREBRILL 72—, 151 & OFADORE R
B4 2 72012135 ERBR T & HIV 72, BRI RAER D 5 5.

Z 2T, B S — 2 IEH L2 2T VL ASED
Stress-Strain 71 — 7 (S-S # — 7)) # &5 [HERERIZ X D
5 L 7= (Fig. 12).

FIRRERTTVAIE JIS Z 2241 (S bPRES [5RARBR 17 1%) O
BURICHEC THEMEL 722 %, BIRARBROREBA 12OV TR
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Fig. 12  True stress-true strain curve
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Swift # 4 Z7OMKRRA (5) 13—k A 27 > L 2O
EH—BHOFREEIIH LTI WP ES 25 2 & 305
hTnz @,

Fig. 12 XHIC 2 7 ¥ L 2SO ST U CIREE S
Mm% T, Whiias L, 45° A% D & L CORL 7=

T, L, D HHATERS], BEO$ABXIZIZIZFE CHE EIC
BT s, BHAMEOMAMETH L. 512, FES
R Swift OXTHEPITE, IDHEFNT 5 72DIC0E Xk
2T VL AEOMEEYINE A RKD B Z e N TE 7=,

[T 2 T & e MREIR AR A S B L 220§ A% FLD
i 7= (Fig. 13).

BonhzR%s, HFO7 a0y MR ThoREL T
WAEWET, ROT 8y MIFET TR REL T B
TELZ ThEFho 7oy FEEATEOTAe i Eick
WT FLC B3 U TRt < OB OF BEAER T % 72,
MEOWMBRN A E 258N L 20T AEEHWS Z L
T, AT VLV AHETIENT 5 /5L — X OFBEIZIRO G
128 FLD MM TE 5 Z & W5 L7

0.3
; *Using a Stéren-
FLC | Rice model
02 equation
R[E—— €510 IMAhnnnat

® ‘ Acceptable |

Minor strain ¢,

Major strain ¢,

Fig. 13 FLD results

5. EHREFRE & AL 7258 TRl

WIS, BRRFEMZ &y 2 OFERIZ /S L — IR
BB %KD 5 72012, HIREFEE (finite element method:
FEM) AHC & IR I OFAEE & K& & TFHILE T
HAERIZR U, Sl Q58 2> 5 50 U 72 O g Al & D
TR U LG % 5 7 - 72, JE 7 BRRERRIXIANI S R
Rt/ L — ZIZRAET B0 & i< 28T, 2L — 23
FEOBBAI T 2 FFmailin T&E % L& 4 7.

5.1. REBEO/NL — 2 (IRET B0 HEN
511. A7 L XEDH/IMES EICHDEHE
2E TR LS, REHOX L — 2 IR ETBIE

N #IET 51213, RO TFIETES Tl h > R
25 IO % PN & 20 6 B U 72,

9, UM LIS ORREERLT S, AT VLA
DL 0T AORKRENX (5) TERXLL 72 BT, i)
SR L7220 FAlEIEINCAmT 22 TR (2)
et Tk,

TN S RARIEIRAD ROWE A4 5 Z & T, g 27
VL ASETHh OB LRI AT 5 S L — 2 ISR ET
209 ARSI OHIE & ATREIC L 7=,

5.1.2. FEM # B S HEER

WRRFEM 2 2 o 2 OFEEIZIZ SV -2 LS — &
EDMIZH 5 MEA ORZEPGEIZ X A ELHE I LU H A
R X BENOZEBRHAT 5 720, RS G
YL — ZITIEEISIBHDOEF A FEET B (Fig. 14).

PRI EMPEB X B OIREIZ L D X F X5 LU1E
(69 5. BRBFE M NER 23 W 2 BB Cld MEA 3R L,
FORMZARIR R U 72 B TIiE MEA ZIGE 5. FEIC
£ MEA 2 EEIGE§ 2 BICIEREE L T 250 —4
WX L CHEOEHNEC 5. £72, /5L — 2 HRKICIE
HARWEN RN TB D, FEERIZIZH ZRWBEONITED
ZENZKD XL = 2T ESIOEFHH»EC S, ThbHd
FEEENZXLE L =2 I2B T 56 NETIZDONT
FEM f##r % ¥ Z 7 - 7= (Fig. 15).

27 vV AEOERERK & FEM & Huzis 584
AT DRFE &, MOFRBRIE VI T & 5 UM S A 5 5 L

Clamping force

»

g ——
Anode
pressure

Cathod
RS S SN i 2

— 2—p—S ™

RS

Clamping force

Separator

Fig. 14 Image of stress occurrence

MEA

Coolant

#
&

» High

[
Separator Low

Fig. 15 Stress occurrence location by FEA
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MEEHHSBE /L — 2 DBEREFE

72 ISl A FC T, BRORFE 2 & 2 OB Rk E
HI4EE £/ SV — 2 1R B BT 205 ) & Bk U 7=,

FEMIZ&k 2 t/SL — Z1iAD & F & & AEATCRES
2 ISR RS R & R E AT CIEM L 726 & 20 5 B L 22 )
OB % Fig. 16 12787 .

FEMIZ & 20Ot RAER & N & 22 5 5 L 7208
FIOHERII BRI A 0.98 & EWHHBIMER 5 5 2 & A3
ATE-

FEM L EERIC Kk 5 TR 7= 232, 257 v L 2%
TS % Y51 — & ORI 7 55 i 2 6 25 12 Pl
% 72 DU FF FRIE MR A~ D3 FH % R U 7=,

5.1.3. EFRERHNDEH

BTN R AT B I8 & R 5 — W & FEO—D
IZOTRT — V& OB IEHIE 5 52, 2 3 TREIC
IRz KIS — Z OFEBRIMNZOT AT — 2V %0
DT, RELUEBEORH 2MRT5 I L IIESTIEAR
V. 22T, BEMA & 2 ORERICRET SR %
TN & A & B U 725 S04l 2 T T O RS R X N S
{ZLT, WM RHmrillnTEsLHE L.

WIEETY %5 BT, BAET 20RO R LT
ThHRIIE AL, 22T, BEEl 2 L — 2128 H
U 72 2 7 ¥ L ZRPRHD O B iR — i gl U Bt
(e-N M%) #HUS L, Wil 2 7 L 2R 57 BRI X
Bz, e-N L 7" — ) B RRERIZ & 0 O3 Al
#HIBIL T2 T v v RSEONETT % GHl U 7=, 95 97 akBR vk
(3 JIS Z 2274 (EI@FOR O [z g A ER 1) "0 o
EICHEL THESEL 7.

%97 BRIE R & 3P ORI 12 BT, B 260 %
ZNF B & FITEIS ) O R A Nk U 7298 07 580 A SR 3
% 72O FHEO DT, BN FRIR T, Ml iR
&, FERIRANCREITRRIE SR LA T O HiH AV I ik U
VIR LG T & 5.

INFETHRRTEALETD, BEFEMZ & v 7 OREN
IZRAET 2T ITRIERXNIC S 5 Z & 2 RT3 7

150

100 -

50

Experimental value of AStress [MPa]

0 50 100 150
A Stress by FEM [MPa]

Fig. 16 Test results and correlation between FEM
stress simulation and measurement results

DI, UM E OFERAH S FLHY U 7= S T4 % 952 77 BRI #RIX]
P72 (Fig. 17).

2T VL ASEOBRN 2 & 5 6 S U 2 O A4l 4 H
W3 Z LT, v L — 2 FEEROEM BT 2 A aaTl
ATHEIC T B 2 L AR T X 72

—— Yield limit |
—— Break limit

[MPa]

Stress ampritude

Acceptable

Maximum stress Mean stress [MPa]

Fig. 17  Fatigue limit diagram

6. £&O

AR TR E LS — 212 L -ED 27 L
ZEO ML LAEEIZEE B U 7=, AR o5 Pkl 2 H0 8
T52&T, S — 2 OERILNEDOB D S TR
& FFm At O T, SR FEE A AT RE 25 i 2 15 5 1 T
TED e
(1) BB OM X LS Z2mEmE 23 LT, &8
WA T B IR R AR EH % 0§ AEOBE KL
LTERTEDZ L 2EREMHAOMMA 5 HS
Mz L7

(2) 3L = 2 HNDORFIN S SEET5Z LT, b
NROFTAMEANOIR A TERIC U 72728, R TIK
T 5 5L — Z OFFEIZROBEE R FLD 57
FRIEHRKIASE T & 5 Z & AR L 7=

SE XMk

(1) ARAFEE—EE, TR, KA., BEREA, HAGR:
FIEAORHE M B B HH CLARITY FUEL CELL OB%
Honda R&D Technical Review, Vol. 28, No. 1, p. 1-7

(2) AT EZ, SERAZ: 257V 2B 2B 5 B
R, U 2N, BT LEFBELL, p. 5-6,
(2002)
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(5) EHUEK, LA —, /NEFER], AL Z:Mod9Cr-
IMo D2V — 7 FmicB+ 2 0%E, B &%
BB R HEM AR T v v 2 —, A% PNC
TN9410 97-035, p. 8, (1997)
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(6) Ashby, M. F. Jones, D. R. H. JiAN R : 8 MR T2 A
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(7) Stéren, S., Rice, J. R.: Localized necking in thin
sheets, J. Mech. Phys. Solids, 23, p. 421-441, (1975)
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XAFS & STEM-EELS DERk(C & %

Pd K D FF s S REMT

Detailed Structural Analysis of Pd Particles through Use of XAFS and STEM-EELS in Tandem

woH A T L
Tomohiro IKEDA Atsushi FURUKAWA
WMo E T HOm 5O
Tatsuya OKAYAMA Hisao YOSHIDA

C= =1 ABSTRACT

Pesi 2L ic e i S h TW 38 E8EO—2OTH
%755 V9 LD E 5B AN O 720 13 FH 2R
BRBETH L. Lo L, S FEOMAH TR ss v
7 LR OREE & 3 WU b3 5 Z L3 ES Ttk
Motz £ 2T, X SRR IR, & AANE R E TP
BT T ALE — R, B BHE R A K U 725
WM P2 MR LENT 2 28T, 7/ 27 — L OE#
ERML72S5 D 2R TOEFMEREBZ k7. 5
5 N7z E T 3 FFOMEAREIZ S 5L/ ST U 40
93 nm OUNE 2 5 2 8 % F/NHL & U TR TR AT
LTWAFRAMEEZRA L TS Z b

In order to realize more effective use of palladium,
one of the precious metals employed in catalysts
for the conversion of automobile exhaust gases, it is
important to possess an understanding of the detailed
structure of the metal particles. However, it has not
proved easy to visualize the structure of palladium
particles in three dimensions using individual analytic
techniques. A detailed analytic technique was therefore
created through the use of X-ray absorption fine
structure analysis, scanning transmission electron
microscopy and electron energy loss spectroscopy, and
first principle calculations in tandem. The application
of this analytic method made it possible to formulate a
model of palladium particles incorporating nano-scale
data. The formulated model showed that palladium
oxide in three different valence states displays a
unique structure, forming aggregates with microscopic
clusters of approximately 3 nm as the minimum units.

1. FANDE

WA, RN AREERO S E 0 O, K H 236
IR B O HBJHE A KD 5T 5. FRIC, KRIRE LIS
K NI O EGhZm LIy 2 MBS AU ¥ 5 7%
¥, Three-way catalytic converter (TWC) ORI AE M F
ML s, 72, BIR) 27RO~ S TWC I
Wb h3E04E (Pt), 2224 (Rh), 757V 7 4 (Pd) &
W o 22 B E B ORI I & O R0 S 2 AR
Th 5. Honda IFILEMZERAG S5 Pd 2 HRNCEEH
FT5ZETHEEY AN AEH#ED THED, 2012 0
7aA—F kD Pt AFHHES Rh i HE % Pk X 7 il
AWML TWE Y. 20 X512, Rhilidn otk %
* DU R&D v v 4 —

% sk gUHERF

https://doi.org/10.69239/hondatechnicalreview.2017 29 1 25

5 Pd OEEHIZEL TS, LZA0, mINCEEE
F 8 WHAE T O Iz B\ T, Pd il Rh il &
AR THSFOWMMERE AR $ 2%, MAKIZFFIZ NO, HHL
PEBEME T LT L 5. 23k, P07 2 » iR i e N
IBEEZTKIEHE LT PdRFORENF 7 27—
TEL 72720 Th 2 LRI N, YIHOMEZINAR S
T X B DR D Pd OBAINEHO—2 DR &
KHEEZEIOGNE. ZTO2HICE, PARKTFOF /) 27—
IR & BN ER T 5 Z e sk o hTnwb. 3L, Pd
NFOWEEEZ T b L 3WICMIicnififbd % Z &
AHREE AU, IR RS A2 Wby I 2 —
Va VEICEHTAIENTESLE T TEL, IAKIC
Pd BMRFFT 5 RN & S AR TIZIROIREE Nl L 4 5
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LHifsEh 3.

INET, W O2DMREIT N —T XD, iz Pd
F R O A B BB A O TR L 22l 2
R, By Hriil 2 ik H L/“C?EﬁSJ:“C“O) Pd OH %
2l % Bt Lol s 2 h o s O bl & o
7= X BRI AR (X-ray Absorption Fine Structure:
XAFS) IR 2 RIC & o 545 B IC 3R P o B fs B
BROFEEMERS Z LA TEBH, 3ERITOEMNENE %
1 (ﬁﬁ: IV & LIAA THIRE T % 72 221 2 G A2

BN/ ANRT ML N %720 TR 3RILET L
DHFEIED TR AN, —T, EERREME IRt
BT X — S (Scanning Transmission Electron
Microscope - Electron Energy Loss Spectroscopy:STEM-
EELS) TOf#HTIZ, f/x7~»®%W%L%m T¥?
75, R GORLT- A IR 7 5 SRS & 15 72 20 W IR S 3R T & Bl
(EH‘% EVRTEY, SHICBRARKTFAERICLD A

—VERZIZLEEZ BN aF RS BEE &
5.itJﬂmsx«ab»@%ﬁé@E%E#A%T%
BWHEREMORIEIXE Z Tl v, 20 &5 2 F25RE
D=8, RSN/ Pd 2T 2R Fhid &2 DIfEIC €T
ML 7285 id 72 5 o,

2. 15\

XAFS % STEM-EELS &\ 72l % Ot T3 7213 T
WRFROEDET ) VI HRRG T AW, £Fiksl
R L 72 R O R £ 5. 22T, £ XAFS
MW TIEEO RIBREIAD 5 H % 1 RotO 1
LLTHSBL, 79 AXETFTLENKT S Z L TRTLA
L DIEHRE R T A4 %D 3RICIERICKM L T, STEM
L 2BBEERE DY THEET L AEL 2. &I
STEM-EELS OfERZH—HHFIRIZK 2 AXT P Ly
Iab—va vEROTHRKEEEL T, RikoREET L
DFEYVEE MG B &0 D K U 22T Tk A M35 2
ET, FIEDORNPARTOETIMLEBL Z k7=,

3. RBR7E

3.1. ARMER

EELS & ®RE 742 H\ 5 720, BHHK 7- 0% 112 {th
DORF BT B L iTicXhid & 723, 200, ik

JIFHAMIZIR T D B a ALOs (BNt St (b 2wt 7 i
99.9%) %3 E L 72. Pd ORIREIZIIMNIE ST V9 4 VNG
fLredE kX 2 th) & v 7=,

Pd&LT1 wt% MHYEOMB/ Y5 P 4% a AlOs I
THIF X728, MR DBRED 729 450°C T 3 KR, K%
FCRER A B2 -7z DI, « AlOs LICHFFL 72 Pd 28
R 2 R0 Z & & KAKEE Pd L RCikd 5.

3.2. EREE

AL 750N U, S oL — DR SR
EREOERPAIZE PE-AR NW10A GRER T 2012G586) I
BT Pd K WG XAFS %8 CHIE L 72, e
AURHZ I3 Pd RO M (Pd foil) BT, ML/ ST Vv 4
(PdO) & F 7= AKX SRR (Extended X-ray
Absorption Fine Structure:EXAFS) Of#ffiZid REX2000
ver. 2.5.9 (BkR &4 7 2) 7 & 2. B F AL L 22K
i Pd OB B GTIZ1E Mede A (Material Design £1%)
ORERRITHERE & T 72

STEM-EELS Gtk &ttHynNg 72 /0y -2
HD-2700 Cs-corrected STEM-EELS 200 kV %, i
PEIHIZK S EELS 2XZ P Ly I ab—v 3 VIZiE
Material Studio (Dassault Systemes Biovia #1#1) Ver. 5.5
CASTEP &Y 2 — L & 7z 910,

4. BREEF

4.1. XAFS fRHTHE R
RAREE Pd OICERIBR & A ICEO M+ 18+ 5

728, EXAFS Ot # L FOFINETE Z % - 72,

(1) FEEZRRE Pd foil ® EXAFS @7 — ) 4% D 2
X7 MIZEWT, BmEnE iz X % McKale /%
74— 2 P EHOWTREN Pd L XOEH PdIZ2o0
TRIIZ =TT 4 v T4 v Lze 2, BAHE
P3P d G2 A5 SRS O & Holk U Y 2o i FIT X
KI5 X IZIURRT T DX—Z T 4~ (Pre-edge),
EXAFS iy, 77—V =&, PdGRRH -7 7 1 v
T A V7 ORI % 5%E U 7.

(2) (1) D&M % FIHEHEZRR PAO O EXAFS 07 — 1)
IEWRBOD AR PLIZDOWTRERE O L i Pd
(Pd(1))H L VWEH PA(PA(2) izxt LTI
=TT 4974 v7L, (1)&LFEMKIZPAO DOFGH
S 00 L Hee LT 7 — ) AR 0D MRS A Y A
HUZINH 5 & 912 Pre-edge, EXAFS filiift, 7 —V
I, PAO WA — 7 7 4 v 7 4 ¥ 7 DR EI % 1
L 7~

(3) (2) ORI Z W WM & L THE Pd foil ®
EXAF'S @28 U M oo 22 241 & MGk U 7z,

(4) Pd foil & PAO ORISR A Z h Zh oG & 1%
DIFO#ET—HT5ET(1) 75 (3) & RIEL.

(5) Pd & PdO OF5 A2 58 X 5750 7 OET L
VSO P O B B A [ U, JET- o0 EAIRED R0 A5
EWORNERTIEETH 5 754 7 7 — KT %81,
L 7.

(6) AFKEHE Pd DEBNIBE DT /34 7 5 — K113 hik
BIOfE & BT dh 5 LIRE L, SH%OBITIZ W T
PRI D 734 7 5 — K7 OB I & L 7z
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Table 1  Fitting results for Pd foil and PdO reference
Coordinati Ideal values Results Change ratios
oo;tcl)r:T? lon Coordination | Coordination | Coordination | Coordination | Coordination | Coordination
number distance (nm) number distance (nm) | number (%) | distance (%)
Pd foil Pd (1) 12 0.274 12.0 0.274 0 0
Pd (2) 6 0.387 6.00 0.387 0 0
P40 O 4 0.203 4.01 0.203 0.25 0
Pd (1) 4 0.305 4.00 0.305 0 0
reference
Pd (2) 8 0.343 7.98 0.343 -0.25 0

(7) RFHSE Pd OfFNT A (4) THE U 7= MEHTHIDH & iz
Fh L 7=.

FEHEZRRE Pd foil & PAO DA —T 7 4 v 7 4 v I fEHR%
Fig. 1, A5k % Fig. 2, A5 N 72,85 A — 4 % Table 1
NS fENTREIRIC Fo 0 THEBRME L G RE A —B L Tk
D, 8/55 A — 2 LR 2 6RO SN Bl & 1% At
DFET T 5 RIFBERVR O Nz T OMHTEMC
TEANEE SV o OENEIZEE LT3 7 7 — KT & 5H
HL7-.

Fig. 3 (ZfHEGUR PAO & ARAIMERE Pd O EXAFS O 7 —
) TZEMBHEORMEREIRT. RATHED 0 12K & 5130
2, B Pd EREHE PO — 2 BEMETLTW3
ZENoNL LR L, PAICEDKRIES L < IEHAEE
HEDTELNRR T EAVNE N LIC K BN OIET 2 &

40
35 © Experiment Pd (1)
= Fitting result
30 -
Region of
25 4 analysis

Intensity (arbitrary unit)

0 0.1 0.2 0.3 0.4 0.5 0.6
R (nm)
(a) Pd foil

18 4| O Experiment
|| == Fitting result

Region of
analysis

Intensity (arbitrary unit)
>

0 0.1 0.2 0.3
R (nm)
(b) PdO reference

Fig. 1 Radial distribution functions and fitting results

TR ZEnmEEhs. 40l 735497 —KFD
fiti & e PAO OfIZ[fE L, EXAFS Oz ko<
T A= R ERMNEICEN G Z L TRAME PAdDTT
) VBT AR R A BUS T 5 Z & A edA 7z, Fig. 4
WZARFEE PAd DT 4 v T 4 ¥ 7R %, Table 2 IZf@##i 2
L/OoN7H 8T A — 4 ZEHERUR PAO & IR L 72653
AN, REESE Pd OMHIZEHEERR PAO & [HlkEkD fiE bt
TR TR I B -7z, ZOFE, Fig. 4 TIZIERE & 315
DEL—HLTNWBZ ENERTE 3.

FRATRS R 2 & RANGE Pd O A B S EUER R PdO
ERICTH B0, O DENLEA 8%, Pd (1) DEN A
18%, Pd(2) DEUIEA 23% K T LT\ 5 Z LA 5 A
o7z

earest neighbor O
Nearest neighbor Pd [Pd (1)]
@ Next nearest neighbor Pd [Pd (2)]

[ 2

[

@ Reference point for Pd
@ N

[

)
o. .g.
u..'i‘
Unit cell 2x2x2cell Unit cell 3x2x2cell
(a) Pd (b) PdO

Fig. 2 Crystal structures and coordination
environments of Pd and PdO

18 - VPd(2)

PdO reference

Unknown Pd particle

Intensity (arbitrary unit)
IS

0 0.1 0.2 0.3 0.4 0.5 0.6
R (nm)

Fig. 3 Radial distribution functions for PdO reference
and unknown Pd particle

— 197 —



Honda R&D Technical Review

Vol.29 No.1 (April 2017)

Table 2 Fitting results for PdO reference and unknown Pd particle

PdO reference Unknown Pd particle Coordination | Change ratio
Atom Coordination Qoordination Coordination Qoordination number of poordination
number | distance (nm) number |distance (nm) | defect (%) | distance (%)
(0] 4 0.203 3.68 0.204 7.9 -0.2
Pd (1) 4 0.305 3.27 0.304 18.3 0.1
Pd (2) 8 0.343 6.16 0.343 23.0 -0.1

42 RFEEPdDET) > 7
FHEE PdDOETY) ¥ 713 XAFS » 515 5 I 7= f@hr

WRERKIZZV S22 ETFLEHKTIUTOTIETE Z

Ko,

(1) BEHEGOR PAO OIS E T L2322 5 2 4 9 4
DL B ET I EBEBIER L 72 (Fig. 5).

(2) %2 7 28 Oiilidz O, wilidk Pd, ik Pd Ofid
N AEBTL S 2494 XL TTay b L
(Fig. 6).

(3) 27 724 H A4 XEWMMBREBBIZTT 4 v T4V
L 7.

(4) (3) THELNREE XAFS iR r» 55517
Bk D, BERITEED 7 7 2 244 ZAEH L 7=
(Table 3).

(5) BEHERURL PO 20 5 O IER K HHE (Table 2) % S Hif
fan k& & &k (Fig. 7(a)), (4) THENZ2 5 2
A4 X% Pd & KRIB & & 7= (Fig. 7(b)).

(6) (BT TR L M % (4) TRO6NZZ0D 2 T R
ZYA XNk B K12y 5 2214k L 7= (Fig. 7(c)].

(7) (1) 25 (6)DFIEICT X £ & a/RIBAEOH AL

—_

O Experiment
= Fitting result

Region of
analysis

Intensity (arbitrary unit)
O~ NMWhOON®OO

0.1 0.2

o 4

Fig. 4 Radial distribution function and fitting result for
unknown Pd particle

2762 atoms

20 atoms

4 atoms

—

H
Fig. 5 Cluster models of PdO

I‘

inmsmssEEEEEEE
......nlrrr....

0.7 nm 4.0 nm

Table 3 Cluster size analysis results for unknown

Pd particle
N Coordination number Cluster
Coordination atom ) .
(experimental result) size (nm)
(0] 3.68 3.0
Pd (1) 3.27 2.1
Pd (2) 6.16 2.1

LI LY T 22 EFLEER L, &4 ORI %
fEFR L XAFS SR & T E AN E O % EE L 7.
Bk 25 28 A4 XDT 4 9T 4 Y 7IZIE T T AR
B A4 ZHIMNZ O L 2 B BN 3 2 K (1) & Fu 7z

0:Pd (1)
O:Pd (2)
0:0

05 10 15 20 25 30 35 40 45

Cluster size (nm)

Coordination number
o = N W A 00 O N 0

o

Fig. 6 Cluster size-dependence of coordination
numbers for PdO

o coordination number = 3.61
Pd (1) coordination number = 3.19
Pd (2) coordination number = 6.22

Upto1nm
(cluster radius)

(a) Base model (b) Pd defect model (c) Cluster model

(e) Surface model

(d) Bulk model

Fig. 7 Example of procedure for formulation of
structural model of unknown Pd particle
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Y=N-AxEXP(-X/7) (1)

ZZTYRKTLEOEN L, NIT/ Lo Ofehif, X &
U T7ALYA X, AL TR EE Y T A2 A4 XOBR
ERTRETH 5.

Fig. 612827 7 A2 EFLDORNKE 7 5 A 2H 4 XD
T4y T4 v IRERERT. A (D) ICKDENKE 2 7
A4 ZOMEHAN BB AR TE 5 Z &AER S Iz,

WIAEEORN S 7 5 A 2 ¥ 4 X8 T 5701
A (2) #FHW.

X=—-7txIn[(Y=N)/A] (2)

K (2) 2T 3R ZEXAFS f@#thn 55 L
EN A tENEAIC iiﬁ(l)b)%g—ﬂjbt/\—yx—
AERALT. ZORR, O OB EH» 5 RFEE 572200
275 ABH A X X013 3.0 nm, PA(1) & PA(2) DFECH
MO REE 572 PdDY T A XY A X Xpg 1389 2.1 nm Th
%7-% (Table3), 75 2244 ZEHAK 3.0 nm & % 5.

EF) VAIZEWTE, PAOREENELL, PADY J
ZAHPAZNO DY TAIH A ZLD/PNENZ Enb, &
FTPAdARBEXEEZLE L 2O HEHEYE PdO O
HWAHZ 2 X 2X 20 85z L, B Pdicx LTy
FAAYA X Xpa IZH UL B AMED Pd #XKIBEXE72 E
T, ODIFTAAHA XX IZBESITY azam%%
kot 72, #iZiiNs STEM-HAADF g
ﬁﬁé%%_bﬂﬁ,ﬁmbtﬁ7x5%7/aA_EE
L, KAHEE Pd O/NL 27 EF LG R E 7L D REEL
¥ Z % -7z (Fig. 7(d), (e)].

BoNi=r I 22 EF NI XAFS OEHHERE 2.5% LI
TOXET—HTIRYFEETFTILCH -7 (Table 4).

4.3. STEM-EELS it R
ZNE TOMHTIZ B TRIEE PAICIZTTRXRIER
T AZFA RIZK DA DRFHEE AT 5 Z L8 PR
Nz, —HT, Tho OFEHERREZHET LI L NEST
N D — R A WG U CHEER O PR R & e %
HEZ N b OL & UEf U SR T RSE R IZ d6 F S Il d e & L
72. EELS®O2XZ Ly 32 b—v g VIEONZ, FEHlE
DTOFIETRZ %57,
(1) Inorganic Crystal Structure Database (ICSD)» 5
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JL (Core-hole) ZXEA U 7= P RIFRME 2 582 L 72
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Table 4 Modeling results for unknown Pd particle

- Coordination number | Coordination number Changg rat.lo
Coordination atom . of coordination
(experimental result) (cluster model) o
number (%)
(¢] 3.68 3.61 1.9
Pd (1) 3.27 3.19 2.4
Pd (2) 6.16 6.22 1.0

Table 5 Settings for calculation of EELS spectrum
using CASTEP

Item Setting
Functional GGA PBE
. ) Checked
Spin polarized (Use formal spin as initial)
Metal Checked
Energy cutoff 610 eV
SCF tolerance 5.0 e”
k-point separation 0.04 1/A
Pseudopotentials On the fly
Energy range of core level 25 oV
spectroscopy
Instrumental smearing 1eV

7 PULVERFRS L7 EELS 2X2 FLOHFSIZEIL T
1%, RIFMTE TR RS 2 LR TFOBRAZEL T
L& 9729, HEICIZHDOERE &0, eI
THEFMOREL I 2 k> 2 %ICHEFIKTO 2 X
7 FVER # R ATz, 72, HlEBRICRFIZIROZEL

PR S NG ZIER AN LR HRTH 5 &%
AGHOER» SN TH L & LT

(A)fFon7-EBRAXRT PLEY I 2L - 3 VIR E
ol U SR i & o foctii & 75 5 Fs & Wt L 7=,
Fig. 8 IZARMIFE Pd O & A EELEIRIEHE (High-angle
Annular Dark Field:HAADF) 1% % /~r9". HAADF 1§37 1
IZHBI L TR E L 5728, PdD LS AEWIE
f#ffbfnéi%?ﬁ%@ SEE DN RO DR A3
KBEDONRHTH D, RANEE Pd i3 o ALOs 285 K5

WCIAFPICEAELTED, ZOHIZ3 nmBEEORKE XD
RTBEREMLEL TWE I ENERTE 3,

Fig. 912, 68 5N/ EELS 2-X% b L L —J5
PEMEIZL B2 EELS 2X2Z bLy 3 2L —v 3 ViR %
T U R R s & Tl U 22 8GR0 Bl & R 3. EERRER L
AN MUY I ab—Y 3 VOBRIIRIF A K ERL
7z, RN Pd ORI e AT 4 20 fEFo 5 B,
HIEBIR T IR ZAL L 72 6 &R %, Pd2O (5 &),

A/

Fig. 8 STEM-HAADF image of unknown Pd particle
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4.4, ETIVDEYMEER
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BoEMENI=r 5 22DKE X LKL (Fig. 8).
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T T T T T T T T
O : Experiment
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Fig. 9 EELS results for unknown Pd particle
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Fig. 10  Structural model based on XAFS, STEM and
EELS
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Research on Skutterudite-type Thermoelectric Materials for On-board Waste Heat Recovery System

ook BT IS S N
Tomohide HARAGUCHI Kenta KAWANO
(O 7 R W
Takahiro OCHI Junging GUO

2 B

BE T V30 b BEERENIAE Y 27 A OMEERN E
KOREZT —LT v TEE LA v T &4 b RIEL
TR & AF2E U 72, B IEOR O AR BRAL R KA (b 35 & OVl
BT ZOBHEDRFELE A D, #iET 2 F % 100
oy 1 REEEITAGIR & ¥ 72 SR RE T = RE v RE A BB AR (P
W BGEVERE ZT >0.8, N ZT > 1) O#LEIC /MWL 2D
7=, PEBEM & HIISHR D F 2 fHERL % 20 L 726558,
20y TILA P RIBEEMRNIRN S W To b/ H TR
DL EhRT L, B XOMBFROF v ) 7iRE
DAL UBVERMEICURIC B E 5 25 2 L b h o7z,
AL 2SN & M7z B TR L & = v ) TR OZ%
LI & 250 R CRGEMEREAD 23.8% 1AL L 72,

ABSTRACT

Skutterudite-type thermoelectric materials
were researched with the goals of enhancing
the performance of a lightweight and compact
thermoelectric waste heat recovery system and
scaling-up to mass production. Measures such as
reducing the starting material cost and purity and
increasing the manufacturing process yield were
promoted, and prospects were achieved for mass
production scale manufacturing of high performance
thermoelectric materials (P-type thermoelectric
properties ZT > 0.8, N-type thermoelectric properties
ZT > 1) at approximately 1/100 the current proto-
type manufacturing cost. Material nano-structuring was
performed to enhance the properties, and the results
showed that rare-earth metals added to skutterudite-
type thermoelectric materials oxidize easily, and that
the carrier concentration in the materials changes due
to this oxidation, which has an acute effect on the
thermoelectric characteristics. The effects of material
nano-structuring in an environment that suppresses
oxidation and adjustment of the carrier concentration
enhanced the thermoelectric properties by 23.8%.

1. 13U®IC

MES D CO, PEHHIE 2 H i & U 7z & E O BREHHI O &
FDICHL, E6AZHBI XL F —a ZOHHIAKD
Eha. —fRMICH YY) vEBRETIABHEOT XL
F-IRFE, ETTFILE-L L THOTNR25% Hi i
XNBICHED, ERA AL L THA0% 2, £
VHHIE L THIZ0% DI XLF - HREE L TIERTOHA
T3 YIRS AR B BEEFI N 5 % 0
B R AR sk U A B A W, RRICREE A E
e IR S e E 5 (T =Sk e YN R (R N A Sk e a0
FEHE L THEH SRS,

% Ui R&D £ v & —
* sk I S AR S AL

FEEEEXICIET 2 FRITOWS O TET 5. B2 L
HT v F v Ao Hiikzg -y vy v ®
BETHBN, ZThonThoy 27 4 TEKE L MR
Mg EENEES L v 7 &R DFEAIZE > Ty, —
U5, BRI X B FBENAERICOW T, ZhE T
WA E UG 2 R e LB D V3o b A BGE
V2T LEBROBRGEREREME L T0E Y. £72, 240
Q%if—ﬂ%ﬁé%%éiﬁﬁfwém“\L#Lt

5 —MRAIZ BAE A & R U 22812 S 2 7 4 T35
ﬁ@i%&am«ﬁ MWREEOZE BN EDKLE R v &
LY IO ERYEY AT LOBELERTHS
BRNTHBEEZEZENS. £ EEICANT 2EGEEHY 2
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FLAOREEIZIE, BETI VIS VAV AT LDHEEE
Va-fbEELT vy T HiiBsBETH S, A,
ECEMBOEMERLREE A r — LT v T e o 72 B
BOBRFEDIE2, Hilf 1 B DT XX —INFZNNF Vv 2 %
ERLEVAT AL VYT L -V a3 VREETHS. &5
12, MABHEMEOMS BB TH S5 E & £ X AR
ENTEAET 5. AR TIEZ OH T FHZBEM IO BT I
BrEYT, ZONFIZOWTRET 5.

2. BBMHMEOBE

MBHIREREZ 522X —Xy ZRICK D RET)
AT 5. RS Z ORRHPHE! ﬁhéé@%ﬁ kL E

A TS, BEMRHZ IR & R MBS Y
P RUPPIE & ARIEM A & S ﬁ%(ﬁTNﬂMﬂﬁ AL

L, Zh#BMENTL TEINIOELS Z L TEHIBEEN
Fohsd. ZOBEMBHZHEN 22 6 OEEFE#RE TV Y
VHEHNCHWONBE Y — 5 Y Mo TIREXA 54 (HE
J1% F8E & 2 R HISEVEZ R Y 2 7 2DHART v+
FhThH5.

ABT 3L ¥ — 2 BXUMIE T 5 = 300 F — 2R
BUTOR (1)D LS IcE£IN B,

) o

Z Z CEER T ERAMNGEE A T, (K), BEEMRERE % 7. (K)
&9 5. ZTIFEGEM B O MR 2 7R 3 kT REf R B & L T
DToRX (2)c&kEhb.

ZT=(SZGAJ]‘ (2)

ZZTSIEE -y 775, o IFTEXUDEE, o 1TEMLE
ThHb. &6k i%%%ﬁ%&a®$?07&%1mw
F—ZROPNT- 525 F v U 7RYZERE &, BTIRE)
THd7 4/ Y EIINLT —EZMOENT & 3K TEIZ
W e KO,

K=K+ Kpj (3)
LEEE. IoTR(2)BLUR (3) 2 6 BEMKBO 2T
BRD T TDO LS IzkEh 5.

ZTE[SZﬁ/ (4)

(rcc+ipn) r

ZT oA EIZiE NIRRT (Power factor: PF) &I 5 A
(4) D51 S'o #¥MEXE 50, RO k. + K, ZIHD

BHZEIZBBN S, oLV T TFhe Fv ) 7{5E
HRDOYMAE T B % 728, 75 T OMIMA 753 BEO I % 3551
THOEEHMTH, MMICZT A L E 222N T

w5, Kk 7 xS VARRHERO M NG X -2 T o
5728 i, F IR & & 5 FiES iR 2 BB MR R T
ELTHWSN S, ZOHEBULTEE LTB. Paudel 513
BiTe REEMBHIAK & 2 AR ORI T 7 X~ &
BERGTE T MRRALBERE IR 2 AR U | i (DS K 2 B
BEDI EATRETH B Z L &Rl =", ZhEaE23, 20
%% < OF 7 MG LEAEM RO #RE R 2 EhTnh 5.
K%%Tiﬁ/U/iﬁ%ﬁ—&ybkL 7 O FE Bk
B AT L 72 Mo e EILE A & £ T &M TR
PERER A2 v TAL A4 b REEMBHIEH L2, MX 1t
AW (M=Co, Rh, Ir; X=P, As, Sh) 327 v F L&A %
FHSE 24 L, $HIZ CoShy I BERMEA2/R$ 2 & Tl
55 (Fig. 1). &S ICRNTN 2RISR+ 2RI L 72
RM’,X’;, (R=La, Ce, Eu, Yb; M’=Co, Fe; X’=Sh) &7 v t
Vv RIRE WIS RS FARENC K B K, OIKA
Kohz720, hEiik cEWEAEMER AR T2 &M
5NTW3 Y RhoH, ke, HEOKTIZThEh
Sb, M’ 5L U'R #/mR7

Fig. 1 Schematic illustration of skutterudite-type
crystal structure

3. DR S

20y TN A PREGEMBHZRS § 2 h & TOEE
ke W 21X R TR NS B & D BB g FRE DD
EHEOBRMBINEEAETHD, ThoidniThd &
MR AN TAR I T3, 0@ #EIZ X %
JREBERS N FhoEil £ — 72 6  BELEh TH
5, W Z AT BIRIN AR O KA FER & S, < hTn
B, 2 TR TIEE T, IRERHEFEEO L
SAFHREAMEDOEDAZREL, INHEEZL 2 X 2 X 2
mm YA XD ETE LT % F M 5000 H1E (G5 3000 kg A
FHY) & 8%E U CRpE nTBE 2 B8 TREOMGE % 35 Z 78 - 72.
ZORITEAEREY 27 £ I 3 BEM B O®RIC
K50, Bk KZHEMTTEREOAEREICHHLTE 5 &
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Thd. &7z, 227 9 T AL FRFEMFTE b0 T
J RIS & B PEREm OO ARG S Th 5 8,
Hfﬂ®ﬁ%é?f}7—»®mﬁﬁﬁﬁ‘&Eié“*
09 s yh o 73l 0 HEEENE S 2 7 A 2B WTIEZ D
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EERE L =AM E O F 7 I EIZ DN T2 OZIROMER &
PRI 2 5 2 e o 7.

4. BEBHROBER 7 — VB

BEMROEE TR, IWRERORE,LLHED, &
AR, YA, B, B K ORIl Lo 7 e & 2
AT, IRZT —LO/KTIET v I BIO R SAE NI
REFOREE U Tl k3t 2 B A U CIARIBVLRE % 5 Z 7
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ﬁ%%ﬁibt&%ﬁﬂiﬁﬁfﬁ%ﬁéihétm%

WE AR U 2. SR & AW S RN
%%aéaﬁ$®ﬁ&ﬁTﬁ&6ht#,Mﬂﬁm%ﬁﬁ
WAt 5 2 L Tl hMRENTEAX S 7z (Fig. 2).
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Fig. 2 Thermoelectric performance versus purity of
starting materials for using gas-atomization
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ROBMEVERE A B A 2EBEMRDOZ 7 — L7 5 THEER
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Fig. 3 Thermoelectric performance and oxygen
concentration versus gas-atomized powder
radius
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Fig. 4 Energy conversion efficiency of P-type and
N-type sintered skutterudite thermoelectric
materials 200 mm in diameter
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Fig. 5 Resultant ZT properties for developed
skutterudite thermoelectric materials that
can be mass produced
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Fig. 6 EBSD images of N-type skutterudite
thermoelectric materials, and resultant Fig. 7 Temperature dependence of thermoelectric
grain size properties derived from ball-milling process
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Table 1  Oxygen concentration of thermoelectric
materials before and after ball-milling
treatment

Before milling

After milling

Oxide content

0.14

0.32

(Wt%0)

Table 2 Chemical composition analysis results for
each point derived by EDX equipped with

TEM
Point (6] Yb Fe+Co Sb Others
a 0.8 0.8 34.3 63.1 Bal.
b 31.1 23.9 17.8 27.2 Bal.
c 19.3 2.8 21.9 44.9 Bal.
(atom%)
1.60E+05
g 1.40E+05 L 2
()
‘6’ 1.20E+05
=
£ 1.00E405 F—.
S 8.00E+04
2
g 6.00E+04
_g 4.00E+04 B N-type w!th m|II|nlg.
3 @ N-type without milling
U 2.00E+04
0.00E+00 T T
0.1 1 10 100

Fig. 8 Electric conductivity versus average grain size

Average grain size, r (um)

at RT. Except for the data with an average
grain size of 15.28 pm, the other data were
derived after several ball-milling processes

i

Fig. 9 TEM image of ball-milled materials
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