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Styling Design of CR-Z
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CR-Z 3, HAARE D[ F 23 L X LW H D
RH EACEIRBI OB 7 5 BREGEA DXL &N A 7
)y Rz & BBI{L L7z, [HYBRID Café Racer]& \»
375 FavEe 7 b0y EIcHROa Y87 F 2R-
V=& LUTH¥ L.

IO AFVTTFHEA IZTa V80 PO InRE LR
% [Advanced Sensual Bullet]Z 7 —~v& LEHLZZ. 4V
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MR LRI T X 3 2R —VIRERBIL 72

ABSTRACT

Using hybrid technology, the CR-Z realized a
balance between addressing the environmental issues
associated with fossil fuel consumption and offering
the natural “joy of driving” an automobile. It was
developed as a new-generation compact sports car
based on the ground concept of a “Hybrid Café
Racer.”

The exterior design with a theme of “Advanced
Sensual Bullet” expresses compactness, strength and
an advanced feel. The interior design with a theme
of “Smart Cockpit” expresses an advanced feel and
sportiness that lets the driver concentrate on driving.
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ENTNERAE LT LETZORLEEL A -V L,
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Fig. 1 Ground concept
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(Fig. 2).
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R AT VY E—S a2 VDY y b BN LT VS
J)=ZXDYITy bOfAE TV AR K AFEINT 7 v
VINHIATERELZ ZhiZkhT7ury FET — g
BFITHIK ZENTE, I ZDWHEMS TS 2L T
K0T A FAKREAREE2ERL 2 (Fig. 4). ZOKEL T
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vy Mk BARMLMD Y — MK, 7 v b 2FF
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Fig. 2

Package design

MEFHAI ISOFIX OF v A L F ¥ — MZHIBL TV 3
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Fig. 3 Driver’s position

Fig. 4 Front window

Fig. 5 Child seat
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Fig. 6 Luggage compartment

FMBIIHE TORELRFRE LBV T S 2m LY
2. REVWDEY 2 — )L LTA—Y 7 — 23/ B (655
X 480 X 255 mm) & " DIFNTE, VY —1E2T Ty b
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IOAT VT, AT E0E ARV —KaDE
Wit 577 TE0WAERETSZ A2 HEIZL, [Advanced
Sensual Bullet]Z# 2>+ 7 b & L7z (Fig. 7).

I V80 b DB OFAEED BT E R — 224
Ty FE LWEHREAE X T &) )&% &8
L 7.
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BAKR—Y I —ORBAEME S 7= (Fig. 8).

KLS<HE L7700y b2 )L )4 (2% 3 %

Advanced Sensual Bullet

Fig. 7 Exterior design concept

AAXYEhDE LTy A0 EREXE, ihnt %
HULZEAFI v o hY—T o4 2K DAAL T &
TAR=Y =L LTOEETEOEREEREREL -
(Fig. 9).

TaYy bNVSTHAE Y4 Y rBIRE L, BhX &2
Y— FI&EFBLL 72 (Fig. 10). V) v yvoNg, 22 vERgIc

Fig. 10  Front bumper
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HE542TF 27 12— WIREAAL VEF—TLTHILT
(Fig. 1), ZR =Y I =D 7 70 —F & BEIG 4 i
L7HiRD AR =Y H—TH B L ERML TV 3.

ANy FIAL MR YAVELX =V a VTV TEEDITK
L, EEPO LS BREIRS SN B R T — okt
HEREAFE XN Tn5B 4 4 —Y L LT [Cubic crystal] % 7 —
RELTFHFA VLA WAKOTaY x 2 4 & XAFBO
LED 2= v MEIR, BERED 2 — v 5 v 75 & izhe
TH—L, "M T) o FORBE L) — v X #RBL~
(Fig. 12).

F7 35—, a2 P83 Z &k VL LRI
MU R 2 0D X 8, XS ICREAIBIRIZT 5 Z & T4
FivEag A A | 272 (Fig. 13).

TIR=INYRFLEZ I AT ) TDTF—IZdkE>TH

Fig. 11

Rear bumper

Fig. 12 “Cubic crystal” image

% Bullet (JiA) 2 EF— T & L7z Z2hERE L R &
EEEL, 74— 33N ANOMNR AL, 2
VIS P CEMBEEMA MO T 7 T4 A4 TEEHL
7= (Fig. 14).

16 4 vF 7L I4k4 =), [Advanced dynamicl%
FowEl, FAFI v B AE—IBRERRLAEMS
B, A VHALLIDI6 A4 VFTILIKAL —NLIZHLTLE
H720 5 kg OEEALEZFK UREA LIZEAFE5 LT3
(Fig. 15).

Fig. 13  Door mirror

—

Fig. 14 Door handle

Advanced
dynamic

Fig. 15  Aluminum alloy wheel
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I7ayEERFABENE e -T Ry s 2y a0
TRy 7 AERT, HEOHOWHEFEERE L2 —T 4
7 4 — & Al A 72 (Fig. 17).

A= BT AENFIVFHERICERTE S K512, EAT
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bx.

IRANDLIEMNITHENORE 2 ET 5254 4 — b3
V=L ETUNT MICEE L TRTOERELE B
THHIZE IR A S XD ICHMEEK— L, HNOWRE %
BT L84 VL EHESKREBFEE L.

ISEIILOFEMNZIE CR-Z DK E 5RO —D>TH 5 3

SMART COCKPI

Fig. 16 Interior design concept

Fig. 17 Floating upper pad

E-FFIATZAA v FEBREL~. E2»S5[SPORT]
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(Fig. 18).
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FRBEITIRIC T 7 e L T —F RO —F v Y
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Fig. 19 Meter
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Smart sport seat
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WHBEAEM S Z LT, REAWURIALR, V- vy Y a Y
3T U FITHAA Z BN TATOThEIZ 57 5 &
L7 BT RNED B VN2 FAT 528 T
FAERRD & 5 EREAERBLL /- (Fig. 21).
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Fig. 23 Mid-ship console
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Fig. 24  Exterior color design
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Styling Design of 2011 Model Year Odyssey

Eric SCHUMAKER™* Catalin MATEIL™* Devon FUJIOKA*
Lori ISHIDA™ Nathan BROWN™
ABSTRACT

The 2001 Honda Odyssey redefines the American minivan market by more completely fulfilling a family’s
rational needs and their emotional desires. Previous generations of the Odyssey led the competition in adaptable
utility and spirited driving dynamics. The fourth generation Odyssey, guided by the concept of “Cool Family
Dream,” completely satisfies the minivan user’s need for flexibility, utility, and comfort, while completely delighting
the customer with exciting interior and exterior styling. It breaks free from the traditional image that a minivan
works for a family, but is not something to desire.

For the 2011 Odyssey, the Interior Design Team’s goal was to create an experience balancing emotional
and rational needs. As a minivan, Odyssey’s paramount mission is to satisfy a wide range of user expectations.
Versatility and functionality are the cornerstones of the minivan’s existence, and this new generation of Odyssey set
forth to enhance Odyssey’s already class-leading functionality and flexibility. The challenge came with adding an
emotional aspect to that formula. Words such as “athletic” and “stylish” describe some traits the development team
added as a new dimension to this pragmatic segment by way of a fresh interior layout and design.

The exterior design, based on the concept “Dynamic Monovolume,” wraps the increased functionality of the
interior with athletic forms and lines. The result is a new-generation Odyssey not just pleasant to look at, but
truly stylish and desirable. No longer will the Odyssey be considered a “Mommy Mobile” or a necessary family
household tool needing to be excused. The 2011 Odyssey is a stylish and smart expression desired by positive

young families.

1. Introduction

The Honda Odyssey debuted in the North
American market in 1995 as a smaller minivan
with a more world market size and drive train. The
second generation, introduced in 1999, targeted the
mainstream North American minivan market in size,
seating capacity, drive train, and features. It set the
standard for minivan family utility and comfort with
innovative automatic doors on both sides and a rear
seat folding into the floor. Starting in 2005, the third
generation extended its market segment leadership
with improvements in comfort, performance, and
convenience in package layout and solidified its
position as the most spirited minivan in North
America. It was enjoyed by customers as the minivan
that fulfilled the family’s needs yet supplied some
style and driving pleasure. However, in the overall
marketplace, minivans still carried the stigma of a
vehicle that a family succumbed to buy—not one they
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truly wanted. Minivans were purchased by growing
American families to support their wide range of
activities, and by Empty Nester couples who needed
a vehicle to support their traveling and activity with
their grown children’s families. Understanding this
foundation, the 2011 Odyssey design team set out
to create a vehicle that worked even better for these
two main groups and added the style and emotion
that made them want to buy a minivan and display it
with pride as an expression of their positive, active
lifestyle. In particular, the design team imaged the
younger Generation Y family.

The team came up with the grand concept of
“Cool Family Dream” as the theme of the overall
development for the new Odyssey with the goal to
“delight the kids and the parents.” The team learned
that for today’s growing families, enjoying family time
is a priority. They are proud to be a family and want
to project a positive image of their life stage (Fig. 1).
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Fig. 1 Development concept

2. Package Layout

The package layout is the foundation of the family
minivan. Odyssey has led the market with the most
user-friendly flexible seating, and the 2011 Odyssey
team desired to enhance this practical leadership
and add more emotional exterior styling. One might
consider these two goals to be contradictory. To deal
with this challenge, the team honored the foundational
characteristic of a minivan—its package layout. The
new Odyssey provides three rows that will seat eight
adults comfortably or adapts to a wide variety of
seating for any family situation (Fig. 2).

The primary target area for improvement was the
center row seating for three. These three seats were
given equal status, which required widening the middle
row by 100 mm, moving the left and right seats
outboard by 50 mm, and making the doors more vertical
by 45 mm at the top of the windows. This allows
three adults to sit side-by-side or three child seats to
be harnessed, or combinations of both. Adding further
adaptability to the seating, the middle row center seat
can be moved forward, which allows closer access to
the front row (Fig. 3). This feature gives a parent in the
front row closer access to a child in the center seat of
the middle row. Finally, the two outboard seats of the
middle row can be moved inboard closer to the center

Fig. 2 Sample seating arrangement options

seat or the center seat can be removed completely and
the outboard seats moved next to each other. This allows
very clear access to the third row of seats from the
widened side sliding doors. An additional 25 mm of leg
room was added to the third row to improve comfort.

Odyssey’s third row “magic seat” system revolutionized
the minivan segment and spawned many variations from
competitors. The new Odyssey aims to re-establish itself
as the “king of packaging” by making this feature simpler.
Now, the customer can make either side of the 60/40 split
third row “disappear” with a simple pull of a one seat
strap versus two straps in the previous Odyssey.

The wider center row increased width and height
in the center of the vehicle. The roof tapers and drops
from the center to the front and rear, and narrows in
width fore and aft from the center row. Overall, Odyssey
gained a 35 mm wider stance and width, and 45 mm
length on an unchanged wheelbase of 3000 mm. The
driver position was made more car-like by lowering
the hip point by 12 mm, and forward side visibility
improved by moving the touchdown of the A-pillar
forward by 127 mm. The windshield became more raked
and flowing into the rounder side view roof line.

This layout would ultimately support the exterior
designers’ goal of creating a more fluid and stylish
exterior shape (Fig. 4) and better aerodynamics with a

Fig. 4 2011 Odyssey body volume description
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3% Cd reduction compared to the previous Odyssey’s
more conventional, rectangular form.

3. Exterior Design

To achieve the vehicle concept, the team wanted
a vehicle that looked progressive and athletic while
maintaining the classy, up-market look of the current
Odyssey. Further, the designers wanted the styling
to express the Odyssey’s class-leading sporty driving
traits. They desired to break free from the traditional
minivan image of an emotionless box used to do the
family hauling chores. In effect, redefine the minivan
as something positive. The team envisioned a minivan
that fathers wanted to buy and mothers felt younger
while driving. Again, this was to be done without
ever compromising the Odyssey’s exceptional utility,
comfort, and adaptability.

The team wanted to create a side view that will
make the Odyssey unique in appearance from 100 m
away. The side profile was styled to flow with the new
package layout: a lower nose, low-angled windshield,
raised roof in the center of the passenger area, and a
tapered and lower tail. These characteristics changed the
overall profile of the Odyssey away from the standard
rectangle of a typical minivan. To complement the
new profile, the window design introduced a rearward
tapering upper edge and a belt line with a lightning bolt
shape interacting with the body side forms as shown
in Fig. 5. The body side is dominated by a spear form

Fig. 5 Unique beltline shape

Fig. 6 Styling rendering showing lower, more car-like
wrapping front end theme

Fig. 7 Styling sketch of rear shows car-like wide tail
lamp design

extending from the rear side panel between the rear
side window and the C-line. It sets the overall forward
dynamic stance of the body. It also works with the side
door slide groove to both improve interior packaging
and styling. The side door slide groove is lower and
thus more outboard than the previous Odyssey and
competitors. This allows for wider seats and a lower
side window in the rear seat area, both of which
provide better visibility for the passengers.

The overall mass and center line shape; the strong,
dynamic window graphic and body forms; and smart
functional engineering combine to achieve a vehicle
that looks fluid, athletic, modern and confident, and
functions better for the Cool Family.

3.1. Detail Design

The front end theme of the new Odyssey maintains
Honda’s family heritage from the FCX. It incorporates
jewel-like projector headlights and adds HID in the
Touring package. The grille and headlights form one
wrapping front mask with secondary detail design
using a mix of bright chrome, satin chrome, and dark
metallic finished grille bars. The front end components
are positioned lower than the previous Odyssey to
give a more car-like, air-penetrating appearance. The
impression is classy and athletic.

The horizontally-oriented rear design theme leans
the new Odyssey in a more automotive direction than
previous minivans. The taillights extend from the
side spear form wrapping around into a European
proportioned license opening. The upper area of the
tailgate integrates side and upper spoilers that extend
smoothly from the tapered cabin. These spoilers were
designed integrally with the Aerodynamic Engineers
to achieve exceptional performance while enhancing
the fluid styling. The Touring model has additionally
rich detailing with gloss black finish on the cabin
spoilers and center window pillar garnishes, and body
color finish on the side sill garnishes. The expressive
side window graphic is traced with bright trim just
as the previous Odyssey. This maintains the upscale
look while introducing the sportiness of the new
window graphic shape. Finally, the door handles are
designed to integrate with the body side spear shape
while adding a jewel-like detail with a modern watch
inspired shape and bright finish.

Overall, the initial impression of the new Odyssey
is more personal in size and more emotional than
functional. Upon interaction, the customer realizes that
the interior size, comfort and adaptability is better than
the previous class-leading Odyssey. It looks emotional,
but is actually more functional. The exterior styling
achieves the concept of the “Cool Family Dream.”

4. Interior Design

The Interior Design team’s goal was to create an
experience that balanced emotional and rational needs.
Versatility and functionality are the cornerstones
of the minivan owner’s wide range of expectations.
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The challenge came with adding athletic and stylish
emotion to the new Odyssey (Fig. 8).

From a styling standpoint, the team created leaner,
more athletic shapes, surfaces, and lines. Radii were
minimized and surfaces simplified through minimal
breaks. By doing this, the appearance lends itself to
a more thoughtful concise statement: more youthful,
modern, and dynamic in appearance. The design
unifies the overall interior design theme by minimizing
changes in patterns, textures and gloss between
different materials and finishes. The final outcome is
a product with depth and sophistication that can be
appreciated, not only from the first impression, but
also over time. The team aimed to create or improve
on the instrument layout, passenger amenities, and
seating to enhance the user experience.

Instrumentation. The team recognized that as
technology becomes more of a presence in peoples’
lives, it creates a more complex experience for
the customer. Therefore, a major objective was to
simplify the instrumentation, especially the heater
and audio controls, to create an easy-to-use and easy-
to-understand interaction. Several different design
techniques were used, such as color indication,
surface treatment, and “zoning” logic, to achieve good
ergonomics and clean appearance.

Cool Box. Minivans are the ultimate road-trip
vehicles. So it seemed only natural to add a cooler
box to the Instrument Panel to refrigerate and store

SIMPLY CLEAN MOTIF

FLOATING UPPER AREA

SOFT LOWER AREA

INTUITIVE CENTER AREA

Fig. 8 Interior styling concept

Fig. 9 Key interior styling sketch

cold beverages for the family. This feature is also
practical to keep market or pharmacy items cold.

Split Screen. Another amenity new to the Odyssey
is the Split Screen Rear Entertainment System,
which is offered on the Touring Tech trim level, that
allows second and third row passengers to watch two
programs simultaneously. One video feed comes from
the DVD player on the instrument panel; a second feed
can be added through the HDMI input in the rear seat.

5. Color Design

A “Distinctive Living” concept guided the color
and materials design for the 2011 Odyssey. The overall
design of the vehicle was targeted for a stylish family
wanting a vehicle that expressed their distinctive living
and design sense. The interior and exterior materials
and colors needed to express a carefree, relaxed,
yet fresh and modern stylishness of owners who are
embracing their family image—not held back by it.

The color and material design, much like the interior
and exterior design, started from the customer’s usage
of the inside of the vehicle and then radiated out. The
foundation was the fabric. A double Rochelle knit with
a flowing line graphic pattern was created. It expresses a
carefree, relaxed, stylish feeling of a flat surface with a
fresh, slight sheen and warmth to the touch. Practically
speaking, the material is very durable and cleanable.

5.1. Interior

The 2011 Odyssey offers a choice of three new
interior colors, one of which is exclusive (Fig. 10).
The “New Beige” color is greyer, darker, and more
natural than the beige on the previous generation, and
together with the new fabric complements the modern,
stylish family. “New Grey” is a lighter mid-tone hue
with a redder earth tone, again projecting a softer,
more natural and friendlier feel. The new “Truffle”
color, exclusive to the Odyssey, is a dark warm grey
that exemplifies the Odyssey family who are proud
of their life stage and their sense of modern style. It
carries the undertone of luxury and style, without the
formality of black, while projecting sportiness and
modernity with just a hint of warm, natural hue. It is
a medium tone that can be dressed up or down with
different exterior colors to meet any occasion, much
like the stylish family’s home and fashion design.

5.2. Exterior

Complementing the interior colors is a pallet of
eight exterior colors including two new colors designed
specifically for Odyssey; one exclusive. Smokey Topaz
was designed along with the exclusive Truffle interior
color. It is a dark metallic color with rich, warm,
almost red-brown side hue and bright, clean direct
highlights. It accentuates the long, flowing exterior
forms and crisp lines. It is similar in value to the
window areas thus shows the entire vehicle as one
interrupted form. Together with the new sporty, modern
interior and exterior forms and designs, Smokey Topaz
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Fig. 10

and Truffle present the carefree, relaxed, stylishness of
the Odyssey family. They are a color set which is very
upscale, confident, yet inviting. New Celestial Blue was
designed for Odyssey and sedans. It is a light value
cold color with just enough warmth to keep from being
unfriendly. It complements the modern, crisp, machine
surfacing of Odyssey’s exterior, and because of its light
value, allows the unique exterior window graphic shapes
be expressed. Celestial Blue enhances and complements
the different materials of the exterior’s bright chrome
window trim, door handle details, grille and lamps, and
gloss black pillars and rear air valance. The exterior
pallet will soon offer a new Pearl White with the
simplicity and cleanliness of straight shade white and
the added luxury and richness of pearl. Rounding-out
the color offerings are Alabaster silver, Polished Metal
metallic, Crystal Black pearl, Dark Cherry red metallic,
and Mocha metallic. All together, the 2011 Odyssey
color and materials design expresses the carefree and
stylish family who are proud of their family lifestyle.

6. Conclusion

The Honda Odyssey has established itself as the
minivan with spirit. With each generation of design,
Honda has delighted the American family with a
vehicle combining clever utility and convenience and
fun-to-drive character. The fourth generation Odyssey
establishes an almost new category of vehicle: a sporty
family minivan. By focusing deeply on the theme “Cool
Family Dream,” the design team has created a vehicle
that exceeds the young family’s functional needs with
flexible, easy to use seating, unprecedented features,
and exceptional visibility. Trend-setting young families
will be excited to show off their life stage through the

Interior color and material coordination

styling expression of the new Odyssey. It embraces
and celebrates the joys of family and parenting. The
package layout design establishes a solid foundation of
equal comfort and seating flexibility for all passengers.
The clean, athletic interior design styling seamlessly
blends an unprecedented amount of features. The
exterior design wraps the new layout and interior
design in a fluid yet crisp athletic and dynamic form
with modern, elegant graphics and details. And the
colors and materials complete the expression by
providing different sets of exterior and interior finishes
to fit the individuality of these vibrant families. All
together, the 2011 Odyssey is a minivan to proud of.

Eric SCHUMAKER

Devon FUJIOKA

A\
Lori ISHIDA

Nathan BROWN
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ABSTRACT

Honda has undertaken the challenge of a new
styling design in the development of a new model in
the VFR series, the only product in the sports tourer
category to use a V-4 engine and one which has
captured a unique position in the European market.
Based on the design concept of a sports tourer with
refined styling for mature riders, the design effort
sought to achieve a form for mass concentration that
fused, to a higher degree, the dynamism of a sports
motorcycle with the high functionality of a tourer.
Honda sought to create a new kind of attractiveness
in achieving such a design by realizing four external
appearance elements as a single form. The result was
a styling design that retained the refined expression
built up in successive generations of the VFR, while
boasting an advanced and premium look suitable to
the flagship of Honda motorcycles.
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LIEL TV 3 .
—DOHOEREL UL, 224 ) Y TZOELE L TR
HAERDEEZT2—IANE VY IEBEI Y 2 L ZDEDH»H
SFAAIANEDLENBEART —RBIZELNT, Wb S
SR R h A Th b, —ODHET I v T Y
FENET VA IR, KELHEMER 72~y F T4
FEZFIITORENDE AT ) — Vi EOBEBENEZE OO
. 2 LT, ZDOHIEZOMi#H ZAMEM LT 2Ly —I(C
BWONZEIMNIE L TOMREE >z 4 Y/8—=vT
bH5.

ZOHK LD/ — MMIHEEEIZADEHENIZE 5721
RabEEERL, #o) v 7e U TRELRHENE) 2 —
LEfEBIIC e, Vs P XA TS Z LT
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VFRI200F DA X A4 ) VI REE LA A=V bHDOY —
VYT E—EFA INRELTZEDNEENT BT L%l
\¥ 7= (Fig. 6).

Fig. 5 2002 model year RC211V

Fig. 6 Final rendering

3.3.1. HEERKE

9, —DHO N DOWAIIE AL A4 v LOEL
& LT VFRI1200F ® 2 & 4 ) ¥ 7 OR & —FRE T
DEELEKDAATHS, A Yy 7L LTOIA VT
Ur sy vk EDRBEEEENMRER LI EENS
b, TV VHHAMBROZDIEFEO Y ) V61T
ZIEVATYNINBITTY Ly bEEDTF =)L
BERE-UHERL, (B AMEA 7208 DAL % IR
Mk Zlor FRZT 2 —T L2V 286 I KLy
T D BN B ER L, Y TILTRY 2 — L%
Hroz% 4 FOEMRIZIZAE—-INL 2DRAE24 ) V7L
LR EXEZEANLLTLES VX2 EEGALD
DEDR, 24 EFILTOEFBEDOEDIAAEZHTIENIZH Z
BV, HORYDOENEHDYI DR L THEFA T 5F v
52874 YOMROENIHMOLOEELILS Z LT, A
FE—=IUNA 2 ELTOFENIESLIDLY, ) X LKE
FREWBIREE G > 2GR0 H 28 EEED LT3 280
T/ (Fig. 7).

Fig. 7 Graceful surfacing and character lines

3.32. HEEERRE

TOHOD WO IRy Y UREE DD IS—Y
& OEBE LRI L E L BORNE E 2T, 4
BOEHyEDTY P I AN ERDIEZALAL Y VT B
L7z, TT7v 2=V AV MOERERL, 5TV
D—ETHBEPDEI BTV EHTILDN— FEEER,
A= R ELZDWEROKEN LS REZ 120D ) —
VOTHA Ve ElE, VERAGHD [PEH & h - i 8
DG EMRNZ - b T H B EEZ D (Fig. 8).
333. ZHLAVRE

ZLTED2HDO“LA Y O8—= MNE, 9V — 2 mHl
PEESh R e EOBEELEEE D L0 5, 5 TEBEOM
ERMLES5T vy avatioryr =k
T, “DHE” & BEEE" LS OO F WA VEEORMERES
LT, AWIC KD INTINTIZ B DR B EKGLDIS—
FE—DDT it EF3, 2440 V7 EOE
LB 5TV, EHICZDOWNITO Y P HIALhrE )Y
AYNLOEREIZE L, HARICH A2 259 L3
12, DMV OB ICRFET 20D LS IT s -V kEk
WBWTZ2L24Y) v I eRICRIREE R -2 5 EBE R/ S— b &
7 - 72 (Fig. 9).

Fig. 8 Styling of under cowl composed of functional
elements
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Fig. 9 Layer panel with technical expression

334 BEETH 1>

Z LT VFRI200F D224 ) v ZOMRBEN R ) 2 — 4
ERN S TWB MO HOERBFET 5. 2T kic=
DO— F ORICAHET 3BMTH 5. A Y ) V7 &R
T30 — MIRLTHBICEDE i3 nl, £
D%, ZEEF 72 “B"ELTTFFA v $52 L
T, h ) Y OMRNE R 1 — ARERRT S L
12, B8— P OEMEEBH WS 2 TR EEhE 5
oL EBICAVFIT IR —V AV V2RS35 LT,
BAeDOBRMIEFED AR —YEFLOHD) VI TFHAL v
KRB &Sk, M LEBEOZTA VT —2 &2 b
RIT7TT7Y MLy b& Y VRO EBE LR L -
B5ZEMNTREERD, 244 VI RKROLEHEO NN %
LD RELIET SN BHERE - 72 (Fig. 10).

34. ZTOMDZ 2 A1) > T DI

RO TR - g VIZERTZESOMIZE
VFR1200F 3£ < DH LV A a2 BT o> T 5.

ZO—o2FT7ay b T — A DA VY E—LEFH
B, X0 T4 FAREAR-E2NEREEIc L 58 L
WAy F T4 MY = TR0 %< IR T
WAEN, A7) — VL ORBOMEEHE ST, L4 Y
EH TN EDBOWIES RN 24 F Iy vk EEE D
THE=2T7A4A VT =2 &% sOIFHED, 4 F ¥ 2 —Fkk
278y b2 - AR 2 —L&E 5L, 2V
282 b PR 2 RN A BT L Tn 5.

F, [v2HERTHLLIELT, A2 —2DH5
JoY MEADIZHLT, FLDHEEEDY YVEHD OMR
ARODTHBEY— b FHA VIZBEWTE, ¥4 FE2—T
Yy TR ERb ARG Y, RS 4 74 v 2T
P A R b e WD YRR A 2 OFEHEZIRIZ R D
72, ZDREDIZ, 7y v a oL dyEREO—REKEE
Honda TIIWHRHT 5 Z L2k - T, H—AmEDEREm
AR L 2 RN TY vy =Ty — P FH A4 VainhE &
-7 (Fig. 11).

oI, MIDL Yy Y =) VTG AV — MIH
JBTEB &I, WKL 2T —MELTE/N— F)N=T 7 —
2ZET VR FREETEIREER L2V Y T2 v 4T Y
A VvERBIEIBE, T4 T —NIZBWTH VFRI200F
BT A T 72T, EEoMpgr 2440 v
Rz~ — MZHFEIETHS.

Fig. 10 Emotional and functional space between each
part

Fig. 11 Sharp and three-dimensional seat profile
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ICRBFHIZHMLSFFRT D2 e h<L, HL ETHML 7217 &
W Z ORE OAfiifi 2 KA L G E R T B,

L, RELSEBNEME ST LT, WHEWEH
Fiff & [k, BEGEOE 2L FiIcitbhs Z & a <, gk
RELTOZREA4Y) VI TFHA VORI RRMIZHkA
75 ML XN AKREA D D T EWIIAEAEES> 8L
WHERERTLE LTAID I L T 282k 5T, <K ofF
BREMATZARAD L —-FOHFENPUZ LKA D I LN TES
KR AR =YY T SORNVFv =2 REEH LA LAY
VIO EEBTBEIENTELLMERELTWS.
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Development of ENEPO Gas Canister-powered Generator
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=2 = ABSTRACT

BEHZ A 2y PRV REHWS Z & THHRO R RE &%
BT HE LI, REBIIELADEP 572 NETEHR
WRTWRBEAIEL, F—2o2— 2 &R0 H 2k
LA HIEL 7.

EIEZ ) AR T A LA E$ 32 LT, BEEDR

RRREmERMEIZ X 2 REOAHE DM %X 5 7.
oI Y FLomEtic k3 A5MOR EEKD,
R— A2 —FPENR TR 2 74 v & L

AU RE AR E T B T & i R R R
EAEERT S EEQIZ, KURBOBBIOW G ZhIEd 5
MM % BRE L 72, i?’:, AV N EBIEH L 0 720 OFERE,
KBERIED T v O V2 IEY 27 4, BEE X OIS
E@%E%%i?é%%iu—ﬁ%ﬁéﬁmbt

' 7 BT AN L O T 151 o [ TRl DA G2
4—»%N/bw%ﬁﬁ i L CRBEC BT &
LT, Fa—s0RIE, BRIV THEIZ Y DY 24y
FORMIZEKD, bEHEEL S v T 2.

A generator was developed that uses a gas canister
for fuel in order to make it easy to handle and store,
as well as to use for people who are not accustomed
to generators. Development was aimed at opening up a
new market opportunities focused on residential usage.

In outward appearance, the generator was given a
tall, slim form in order to enhance its maneuverability
and to make it more flexibility storable by minimizing
its footprint. The handle was also optimized for
enhanced transport, and the generator design was made
functional and easy for residential user.

The generator was given a dual gas canister
specification to assure continuous operation time
of one hour or more, and this structure was also
configured to prevent backflow of fuel between the gas
canisters. A mechanism to prevent the gas canisters
from being installed incorrectly, a system to stop the
engine when the generator is excessively leaned, and
an external breather structure to prevent the emission
of white smoke when starting the generator after it has
been lying on its side were also adopted.

As techniques for enhancing marketability that take
handling quality into account, a wheel and handle
were included as standard equipment to make the
generator easier to carry. The traditional choke system
was also eliminated and an engine switch interlinked
with the fuel valve was adopted to simplify the
starting procedure.
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IZEECE B2 L.
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(4) ROLTHAZREHTHS Z L.
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AFEHEHIT Energy - Portable-Epoch Z#NI&bHE T [ %
BROFKREZYOML, FbERZ I LE -0
BEZDHTIAKR]EX—-I VL% Fig. 112z 3K
DI AR
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[—RKIZ—BlEVWSERaI vy T 256, HERIZET
3, YO~ FHTCCES ¢ MREE,» S HHE D~
VaVIlELITHMEBRETEEDLBANI - E X —
Ty b U7z, BICBREBBIZAUCADE» 52y =7 it
REME LA XHITHBEELTUE, N=_"Fa, A=}
Fx 7, BIERGEDREA XV M2, DIY, H—T7=V
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23. NETH 1 DEZA

IARDAZA Y V2B WTIE[Smart Slim Design]
LWV F -7 — FTFHA v L7 (Fig. 2). ZHUTEHRENT:
EOPFNEED TERE LR T WA A7 EMER T + L 4
BEARXA—VL7Z3DTHD. Fio, FERKDA 4 -V TR

Fig. 1 External view of ENEPO

Smart Slin Design

Slim form;
Longitudinally slim for
convenient storage.

Smart movement;
Transportation with the
image of a caster bag.

L N
e I8
-
Smart external appearance;
Designed with reference to
- sy household appliances and

items of furniture that
convey a sense of
cleanliness.

Fig. 2 Conceptual image of exterior design

L, BAMHEZELTIED 22, FEUBRPEADL S &
“Z2v— M THBEOD T4 VEBRL, Fb5EUNC
BOTE AL LI T B [Fv 24—y 7
EEAL, ‘27— PUCHERDZ 244 L EHIEL .

3. MBI FH A (DN T

A MEFHAL DAYy b

311 BEOLXTIEL

M2 ) LT 54 v EKDBIRMISHENR T T 57
O, FEBEESOMEICEE L TWA, 2k, 2—¥H
B & I h3 D B IR T D—EDIME L R/ NRICT 2 729 Th
5. Fz, KR O ) T ERES THRS BT A5,
RO & KE L IMFFICEL S () #3%05¢ L7z (Fig. 3
KU Fig. 512R7).
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Fig. 3 Comparison of postures when lifting
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e EEBICE A 2y b H AR Y XD (b) & il &
L, kDU HECRESE AL L 72,

RIZZV DV AL v F () B ZDOTICREL, Hi 7%
B E IR E A LA ICE%E L7z (Fig. 4 5 X U Fig. 5
12 ).

VIAANT )y TORMEIZDNTUE, 2—=H0B7) v 7
B BEAFELANS, TEXH72FEART g3
TRD L THHRE)C & 2 e & (d) 1IZE%E L 7z (Fig. 5).

ACavty FOfE ()i, AMIHE FiEicvy 4 7 b
LTWa., 2, L2 AC I— PR —=FDUITD
RIS WETH D, HOBFE2EEL TRE
L7z, £72, (e) O LR (250 mm) 13, —M% 40 AC 2
VEYVERISALOMEFEIZIZTEICTHD, F—L 21—
P2V EN &S & T H 5 (Fig. 5 5 XU Fig. 6
IZR90).

312 BEBFIOBHEER L

[—RIZ—BoREL LT, BFicEfBEoEcdd
Z—HIZE S5 TE, HHL W E X OIS & HE Al
AFIZ 5. RN TOMMIZEEILTS 52, MEah?
T RE G YE R PR 22 £ T, 2 OGR4 X,
TIPS DT 450 mm FEE, B4T 213 270 mm FEE Tdh
D, BXFXFIETHD. ZThox#FEL CHEmMAMAE
Y L2z, [HER T A4 v AR O R E R OMIMEIZ
KESHBLTHD, REMETEHEN TS (Fig. 7).

3.1.3. FABILX T 2DMAELE

Fy AL =Ny TR A TOEE, R ITAT R

ENEPO

Fig. 4 Comparison of postures when using controls

(b) 2 Gas cylinders (Height to easy change)

IS

E| ..

g 8 .

S %€ 8

S| oE&| D€ 8 E

o | EE|BE S

T o | Qo (@)

5| 8| c§ <d

TlE s @
Fig. 5 Height of ENEPO controls

42 7-90120F, ARV =2 NZHD 2 5 AKEOFE L,
Z—F LR - LOWEEERELT 2 I LBV ETH B.

IXRTEZ—FDIFAFGIEAL Vb (A) % 750 mm &E
W, WIZHD »h 5 sii®E (B) B X0, BT AR
DI TIVZ(C)EREL, KE»I SR L 2T
BHEVWNY FILOEX (D) #E L 7 (Fig. 8).

AV M (A FLEERT BER, THEMT A ]
DAYy bEEPLT, KM O AR SNy FLD
FnEA v b (E)ERETEI LIS T, BOEREFEE
ZHHCINAMED & 25T 0 BAHETERL T 5.

314 HBEEN TERBOH ZNETH 1 >

BAERDBE O E TRV & F, il wREH D
BARELR T WAL F, FTOEANY FILICHE LA 4
F, EWOBREM LIREL U C [T A v 241K L T

€
IS ..
2 g 5
sle 3 E
£ | ©g o E
5|3 £ SE
% ST 2 o
= o i} <~
Sl | = =
- 1
365 mm
Fig. 7 ENEPO footprint
~1000 mm | &

[ (A)

Best

grip point;

750 mm

Fig. 8 Side view (generator being pulled)
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WBEM, EHICIhE [HREE] L LTz E 2720
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i, AR YT TEH B, HEEDOFR — AL —F OB
MICADESERFERME A EZH I 5720 TH 5.

Fikl LT,
(1) Fro&\EANY FLEGFREO T IV IHLH LM THRAL

L, PUARFICIERRIC AR E T REEH L 72
ze.
(2) M N=1Z, FTA P ROWGE T T v o ROWGEH

WT2h=VvDhF—Y) Ve, B — Ik
e AE TSy o7y MEL, RA-HIZY YT LT
IZ[#ER AU A JIZRE 3 Z LT, HEED 578
R e A BB L 7.
ZORSE, BAACHATIE(BELIDIE, E560LF
ZTFEBHEIEOT A v &332 10k - THERELT
L DZERLAEFER L 7z (Fig. 9).

3.2. BERDTBRTH A >

3.2.1. BEFIBICA - -BSTRR

REREYID TS AP, (FELETRICERDDE
B —AEBEL, RO U THEFITHRIETZ 2 L8 5%
FBRELUz, KAEFRMGZKH 17 mm OB7F1—47T, 1ty
FARYROMEEN S YD VIRE, 2V Y PADELIA
AFTOIEFZRL, M1 S HETERV»EIE4
7o, Ez, TNENOFF AT 2 E4EFH G K& <5
ARTNALS5 — 75 mmDOXEH I TERBTLL L 81T, K
AR ERWT, BEMICE P STV S Al
&% L7 (Fig. 10).

322. 1ty FHRERVWBEBOBEY—JDHRE
IARERZC®D, TV Y U REKIE R, Wi R
—BALRFZ AP T 5 70, BASHEASHITH D, BH
HFTOMEETE—RILRBEDHEO S ZTh2rH S, LirLl,
F—L2—=FHTOH Y b HABME L Tid %N %
Ay barvaid, BNTHHTIEMmTHD, ThHD
Ticl@BnF—2s2—¥FrnHrty bavaLRIUEN
BETZOZAREBNTIEIRT 22 2800k, &
WD EE~— 2 (a) &, TV U U REHK—ROE

Handle employing
extruded aluminum
parts

Fig. 9 ENEPO coloring

B =2 (b) ZFE L7z FIZEE~—2 (@ Icid [y
Fava e, P A O—BRILIR RIRE 2 EN O
T, BEETLhEET A B IS ¥, [ EEKBL
Jo. E72, IS 22— EIRENHCRTE S LD IS
FTABNRZFAETIED R 7T EIRT 1 () DD R & HAL
ONEIZ (a), (b) ZRERE L BITKRE LS ERRT ST HA
vERL, HBIZADR$L L7 (Fig. 11).

Operating instructions
and illustrations
accompanying numbers

Flow of operating
procedures 1-4

Fig. 10 Numbers indicating operating procedure
sequence

w.m-nmt
B A DR AR T et

BEGsTHe AL st
L L R A R
2t EACPT LT i =

N o e-‘,?:mmmm '

m#r;aﬂ&ncb AR | Y
M R LELOT. M

Fig. 11 Warning marks

4. T RKRICERA L 75l

41. IxKDHEYy NHZXL AT LIZDNWT

Aty bR Y ROBEEGEBIZ BT, H AT — s —
WTHD[FERI =S5 Ak vrrz]PenEnig
Ry NETARBIHTE S K5I, ERALM 900 VA TO
R RARE & 1.1 REREIREIR L 72 Z & Td 5 (Fig. 12).
WIZHEy b RYRTAEOMEHEGGBTH A VX7
57 2 OREEX % Fig. 13 1587

ZORYRT LT ZIZUTO=DDOHHE%EFi> T\ 5.
(1) Ry RE D FEAREETHD Y U 22 08 % % BHEA 5
5FEay s
(2) BB O I & 0 FEE)3 2 ORHEA 17
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(3) R ¥ ROBEHFEIA A P < wibf ik
ZDO=DOKREDN, (3)DWHEIEREZEEL 2L
K OHERE & Wi 2 RICHI T 5.
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Aty PARYRT ETANTHETRL REHIEWETI DR
VRPN HIKOETIDOR Y RAFNT L F0, FFREPEA
HEMBORRZRELIN S S, 22T, THRTE, K
A LZBBICENZFhoO R Y N S IRE M A N\ 5
ZeEPIET AMEA B R LA L 2.

4.1.2. FimBHIEFR DHEEE & 18

WP IEFRD X I = X L EBA £ — P % Fig. 14 1R
MAIER Y NADHENRRYRXRBONEI D KE WL X,
Ry R AMOWFH RS AR L, KX B AR
IEFRRIEFATR LA Y R B ANOBRELE R AR 5. 2 DR
R VARBAOFKBEANFE L 5.

41.3. RNEEIEAKICDONWT

I AARDR Y RESEF UL V7 B A 5O EL Y —
EBNTIET, ATV VTS h by b AR YRERHET
ZDIZMBLENHRONIEE Lz, ZhIZKD—4KD
HIELSN—Thty PR UYRCAEZMX 252 L A2AlfEL
L 7= (Fig. 15 3 L U Fig. 16 IZ/87).

To regulator
4_

(2) Fuel cut valve

(1) Manual cock

Fig. 13  Structural drawing of gas canisters and
adaptor

TAARTRET V& LRBRICA Xy bR Y X5
TR ZED 13729, Aty bRV ROYIRETFICLZ
RECHEET D2V ERD D, 2—FITIZYRE FIZLTH
oy bRYRNEEY FLTELSIBELRH DY,

ZDED, Aty FRYRDT TV VEHOYIR A Fa %

Gas canister A Gas canister B

When gas canister
pressure is A>B

To
regulator

Gas canister Gas canister
A-side backflow B-side backflow
prevention prevention

valve valve

Fig. 14 Conceptual image of operation of backflow
prevention valve

\\\\'

Control lever

Cassette canister

Fig. 15 Before setting

The gas canister loading system yields
the force against a spring by moving a
control lever.

Fig. 16  After setting
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EEL kB EHIZL 7 (Fig. 17).

F7z, 25 fHIF 2AETH Ly bR Y NEEET S
BlE &5 28T, hty bRy XNOBEE Y]
5{tHeE L7z (Fig. 15).
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AR, EEOMERINEIC & RS 57280, Bl
WD LWZ & T 2 MRS S HI L 7=,
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¥ The sensor arm
and the top cover
come into contact,
locking the
control lever.

Sensor arm

| Contact

Fig. 17

Top cover

Incorrect setting
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I A AL ETOMBEHEEORHEMEEZE L, BE 22
WREZA DG & U7z, AR A B & ORI L 22354, IndhRgic
T =V IRBRNICHERI L2 A LT D R
IZADABRAERFAET 2556508855, 22T, Fx vy

Fig. 18 Relationship of 4 8 and coordinate axes
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Fig. 19 Generator tilt-angle detection range
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Fig. 20 External breather structure

In the unlikely event T
that oil does flow in, ~ |
it flows back out here.

Qil does not remain in the
breathing channel.

'|_ - — —
When starting the engine

Wﬂén placed on its side
Fig. 21 When generator is placed on its side

Oil flows into /
the breather tank. ( ]

Standing the generator back up likewise
makes the oil flow back out.

When generator falls over forward When starting engine

Fig. 22 When generator falls over forward
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Fig. 23 Handle lock (unlock)
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pressure to drive shutoff valve

o J

Fig. 24  Shutoff valve drive system
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Introduction of High Differential Pressure Water Electrolysis-type Solar Hydrogen Station (SHS2)

hoR E RS
Koji NAKAZAWA

Frank MOBURG **

= I O A 2 "
Hisashi NAGAOKA Jun TAKEUCHI

AU O Y (= N
Ikuya YAMASHITA Masanori OKABE

2 B

—EREECFRE T B T & & IE L 7 =R S K R
My — 5 —KFEZT - 3 v (High differential pressure
water electrolysis-type Solar Hydrogen Station: SHS2) %
BUEL 72 20 SHS212i3, Bi7zIchH%E L = Sy el ¢
»HEEFENEEKREMRA L 9 0 BRA L, ZOAL o
&, B & AR A & G ICEEREIC R 72N T 5
W AR EKE R & o L3R D, M?ﬁn’ﬂm I
TdH D KRFMMUDA 35 MPa DEEREICHEE < Tn
5. Lo 7T, —fRM &S EAKE ﬁﬁFZ Aoy 22X, M
WYY TATHD/NULTZZ LB THD. F7z,
K2 Ly 7 3KRFEANERE & KRR ATERRE 2 B DEHi - 7=
BDOTHY, ThaHFikL 7z SHS2 T3/ S KR
BOREEAT ARBEEEEE 2 LB 5 Z N TE 2.

SHS2 131k — 5 —KEZXT -3 3~ (Previous
Solar Hydrogen Station: SHS1) & bk LT, &FE 60% D
BAANR= 2 L ¥ AT L5)E 25% DA F &K L 7=,

ABSTRACT

A high differential pressure water electrolysis-
type solar hydrogen station (SHS2) was built with
installation in ordinary households in mind. This SHS2
was equipped with a newly developed high differential
pressure electrolyzer, which is an innovative
technology. The stack differs from the ordinary high-
pressure electrolyzer that keeps both the anode side
and the cathode side in a high-pressure state. Here,
instead, the anode side is under normal pressure and
only the cathode side is maintained under the high
pressure of 35 MPa. Compared to the ordinary high-
pressure electrolyzer, therefore, this one has a simpler
structure and can be made compact. Furthermore,
the stack here has the functions of both generating
and compressing hydrogen, so that the SHS2 with
this stack mounted was made into a compact, highly
efficient and low-noise, home-sized hydrogen refueling
appliance.

Compared to the previous solar hydrogen station
(SHS1), the SHS2 is 60% more compact and realizes
an increase of 25% in system efficiency.
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SHS1 %Y =2 —7LLKREHY 740 =7JD Honda
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BAL 72, AR T, SHS2DFH A4 VAT —Y 3 v D
e, ZEEREIEAKERZ & 7 OFHiN ENFIZDONT
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7 (Scoop) IROWEM #IZXATT 4 ARV 2=y b &
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2 ) — MIOPREA = b ORTIZH 1600 mm kT 7
AKEFEIN T2 LarLl, SEEET — FORETBE
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Fig. 1 External view of high differential pressure water electrolysis-type Solar Hydrogen Station (SHS2)
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Fig. 3 Dispenser unit with User Interface Fig. 5 Comparison of solar hydrogen stations
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Table 1  Specifications of SHS2
3
Flow rate 0.7 Nm/h
(0.5kg/8h)
Hydrog(.an - 35 MPa (max.)
production Filling pressure

(approx. 5000 psi)

Purity > 99.99%

CIGS thin film solar cell

Photovoltaic
6 kW system

modules )
Component (approx. 53 m?)

Electrolysis High differential pressure

unit electrolyzer

Electricity 240 VAC
Utility

Water Tap water

3

Unit volume Approx. 0.33 m

(approx. 12 cf)

SHS1 T, #WIEAKEMZ % v 27 (Water electrolyzer)
THE (Max. 0.12 MPa) DK & R4E &, KEFAEL
W2 > 7L v ¥ (Compressor) THZ &> Tz, —
77, SHS2 TIIKEMZ 4 » 2 IZKKRATEEEEHA X
7-EEREEAKEMZ 2 » 2 (High differential pressure
electrolyzer) M E#E X LT\ 5.

ZEHEAGHEAKEMRZ 4 9 738 v 7Ly 23R
D, RRFHEDOEROREEHFP T — 212K B MnE & &1
—WELErTHD. £7-, BRALENEKEFTEHET
DLV TV oDk BTV sV s vE IR
T2 IS EL, BIETH D, X612, EMlar T
Vot LY AT LfkERBE LI LI2XD, EiF
2=y P OFME SHST & L TR 60% /NMLd % 2
ENTE Lo T, ZREASEREMA 2 v 7 %8
#H L 72 SHS2 I3 MEAENDRBEIZH L THMTH 5.

3.2. 114

Table 112 SHS2 DAk AR

SHS2 13 SHS1 &Jkkic, BRattr vy g7 v o8l
?D CIGS HIEAGEE 6 kW SHiL T3, ¥ 2740
ANBIETKRE DL < O BFRE IR T 5 240
VAC 2L CED, RO KBEM» S REL-EN
70y FEMLUTREL, GiZ2) v F2oENEE
BLTY AT L5MEET 5. k72, HHIZH 725 TIAY
KEBRAEMIGT 27210 TEME TiRA 35 MPa DE K
REBPEMERAISHICAHT 2 2N TE 5. KRE
WRIZ 1N 7208 0.7 Nm® TH 0, BRIOLRNFEKE
J1% 45 T 8 Il Honda FCX 27 5V 5 4 IZ/KFE A I
% Z 212k D BEHIZIEAY 30 miles' (50 km) DEFT AT HE
LB Bl KV AT AIZENWTCTE S EENOEIEAK
FRVIAEBBEBLTCNRWD, 2V EHRBETHI LICX
D RN E S E B AN O BUR T A TR & e B F 7z,

BRI O KB 5 DB TAEEEL Y 27 4% 24 I
Mfifin X @ s v 7 IZird B 2 L afE k5728, 1HT
%990 miles (150 km) EfTHEEA K ZE A BETH I LN T
BX51k5.

FARERD B OO & DI121F, R 0 B O A
BRI G h T3, 2020 EEREEKEMR S
2.7 ANOKZEEINIEME A EO & vy E
B¢ 2D TIEA L, 35 MPa l2f##4 5 ko icikat e h
THD, & A4 THEIIZNE U DS Tl ASE F 3t % &5
IhAB&IIESTNS
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Fig. 6 System operating result for one day in
January 2010
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JEREEAKREMZ & 2 IZEIEENA, KROS5 %5
5. ZEXESTAKERZ 4 v 2 OAKFEITET) (Hydrogen
pressure) iF, WIEDREN SMEFE D 35 MPallEd 5 & v
2T LN EKRFEDFHN (Hydrogen flow rate), BRI
BEREFENORIENG S &~ 2 E)] (Vehicle tank
pressure) D412 ERH$5. KBz W T, 24—t
RV EMLUTH2 5885 47 TERBIEME XE B HADK
RICHD G Sz, EERKERZ & v 7 D5 FT
3TN 250 TRT LI EIZKkD. 2, — kD2 —
PFERRLE LR EMIZOWTEEEINTED,
J LR S E ) HIC SIS B S T S
FrwrT5ZEEHMNE LT, BRFIEBEXAZHEAD
*?ﬁiﬁﬁﬁﬁélﬁfﬁ SV 7 AKREGE & 1R T 2 XV
G5 DKEY — 7 IZKBETDIK TR BV IERT 5
V—2Fx v 7@]1’!5 (Leak check) #% 20 #lEl¥B Z & > T
W5,

Fig. 6(b) 1245 Hl% T 7 - 7= — O SRR HE B 4 8T
Fig. 6(a) IZ/R L 224ID ) — 2 F = v 2 PAHZ &, KFEF
oL 3B Z &2 ) IR A — 260D ) — 2 H
BKOPHER L T\ 5. KR AR 254613, UT i
DALy TR2 Y 242, REREXAS RO x> o
373 35 MPa Ol # VK& & 2 5 & ¥ 27 A3 HBIIC
UL T X | W RPN NG Y TN SR AN = O S e N N AV 2 1| )
THHH 9 KE R I RORI A S B D % & 7 R J1 A3
28.5 MPa 7 56§ 35 MPa iZ72 1), i & v/ 451k 2Rl U 7-.

42 KERRE

MHEMEXEBIHICHE T I RKKOomE IR
1S014687 (Hydrogen fuel - Product specification) Gz
EENTWS. SHS2 2B S ETR/ONLAEWEZE
Table 2 127 T.

SHS2 Td#HiAk2» 5 BRI L TRREF TN D720,
AKERIZEEFNIA MMM E L TEIBREEKTDATH B.
ZEHEAE KB L ORI E LT, Bz U TR

TR 72N T DR T 5 BRI AT &
BoT0D. TDR®, BRI EEKRIEMmMAN & IEETLE)
FTRRIFDEV. L5 T, KREPOBRIRE (KT
572000 A BT %55 ZL5<, 5 ppm AT &EK LT
W3, FARFIZOWTIEREANEHEAKEMRZ & v 7 O
BHIRRE L 2EMIC K DBREL T 3.

ARFWEOMERERA» S SHS2 THUE L 72KFK1, ISO
DR EE 2 ) 7 LTl DRREIEREEHEH L LT
T EETH 5 7.

4.3. Y AT LEh=

Fig. 7 {Z SHS2 & SHS1 OAKFEH:-JJ 35 MPa IZ%1) % 7
JELBREIZER LT 2L ¥ — &R d

SHS1 I /N2 7 — 2 5 Y HO/Ni b

Table 2 Hydrogen quality of SHS2

1SO14687-2 SHS2
H, >99.99% >99.99%
H,O <5 ppm <1 ppm
Hydrocarbon <2 ppm <0.1 ppm
0, <5 ppm 1 ppm
He, Ar, N, <100 ppm <16 ppm
CO, <1 ppm <0.1 ppm
CcO <0.2 ppm <0.001 ppm
Sulfur <0.004 ppm <0.0008 ppm
HCHO <0.01 ppm <0.001 ppm
HCOOH <0.2 ppm <0.001 ppm
NH, <0.1 ppm <0.02 ppm
Halogenates <0.05 ppm <0.004 ppm

WAz 7Ly OB LY -, KREI Y T Ly
PIZHANTT Y 7Y 3 v a 20BN KE L 50 KEHIE
I %)L ¥ — (Compression energy) 2K Z W, —Ji T SHS2

SR L 22 SR AKER 2 2 v 2103, RS 5 1E
(Proton Exchange Membranes: PEM) 12 & % BEX{t2# D
HIETHD TV 7Y 3 v aZRE— L BRP AV KE
FAELINF =3 D G NRORWKRAEFIETH 5.
F7- 1SO HUKIC I 1 2 BB E e S B B s O K FEh D
ROFFHEIL S ppm R TH 5720, 8LE L 72 KR IR
TEUEND B,

SHS1 TIXHEARER 2 4 v 27 THEEE U 72KEE N
0.1 MPa 25D T, KEPIZE E N 5 K5 =I34 35800
ppm & B AFEL Tz, HWIEKEMRZ 4 v 7 DRI
WX ZORGFEEWRS THNT, KEEGHH L EAKZE X =
WO TN F o i HIEENRE SN, Wl L ¥ —
(Cooling energy) M % < IEREKADEMEIZH T AT
72 X HITHE 2 A ¥ Wk (Thermal Swing Adsorption:
TSA) ROWAERENATET Y 7L v Y ORTRICHLE X
hTnzh, B — KL 2MEMOBHET XL F —
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=2 .
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S 800 | /
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S 400 | " -,
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Hydrogen pressure: 35 MPa

Fig. 7 Comparison of power consumption
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(Regeneration energy of adsorber) 234 TH - 7=.

—77, SHS2 TIEEHEAGHAKRMZ & v 712X 0 8l
U 7zKFETIE 35 MPa EEETH 5728, KFRHPIZEH
N2 K5 EITH 100 ppm &0, SHST & K L TH 350
BOLYUTIZES. 207D, XLF 2 mHIOT XL X —
(Cooling energy) &AL kB, £/, “\LF ot
HIEEO%EBHIRE U -G B ONERIEHN 700 cm® &
D, TZIZBEMEAND Z &2 & D BAELL LS EGE
MHEFEE NS, L7edi-> T, SHNEHAEXTIE 4 < 5l
DEHREAFH L TED, AT AL F -2 BEL Lk
WY AT LIZT BRI ENTEL, ZTho DR, SHSL &
WU CHE L R IC BB LT AL F =23 455D 11
o7

EERBEKRERZ & v 7 2 BKT B2 Li12kD, HIE
RIS BEE T AL X —HHIRTE 2T LIZMA T, ¥
VINBY AT LEBSTZEIZKOERPE S BT
Wz BT & OB IO G TTHEE K572, 2 D
R, SHS2 TI& SHS1 LB L TY 27 L% % 25% Il
52 enTEL

5. EEXESEKERI 29T
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BIEAMABT LI R EAKRETBE LHIT 5. Lzdi-
T, KBNS &I 2 v 2 2 BET 5 L 4 Y 2 NOIET)
FERAIC EA LI, R3S KR 2G5 2 &0 T

— 5 TR FEIZREE (Atmospheric pressure) {2 LT

W70, ZEANESTEAKERELTIEPEM %/ LTEN
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Fig. 8 Schematic of high differential pressure
electrolysis cell
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Piston Temperature Measurement Technology for Actual HSDI Diesel Engines
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A new telemetry-based method for measuring
piston temperatures in real time was introduced that
is suited to the development of diesel engines, which
are becoming higher output and using various types of
combustion control in recent years. This method was
used to measure temperature characteristics in engine
bench tests and while cruising in an actual vehicle.

The new method uses a compact telemeter, and the
amplifier and antenna can be mounted on the piston,
facilitating both layout and work. This method was
confirmed to provide measurement accuracy equivalent
to that of the conventional linkage system and to have
durability of 15 hours or more in diesel engines with
an average piston speed of 14 m/s or more.

The new method was used to understand the effects
of the diesel engine operation parameters on piston
temperature. In addition, a piston temperature map was
created that covers all operating conditions, and the
contribution to fuel economy and emissions reduction
was also investigated.
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Table 1 Specifications of test engine
Specification 04M/Y'i-CTDI | 08M/Y i-DTEC
diesel engine | diesel engine
Bore x Stroke (mm) 85x97.1 85x96.9
Displacement (cm®) 2204 2197
Compression ratio 16.7 16.7
Max engine power (kW/rpm) 103/4000 110/4000
Max engine torque (Nm/rpm) 340/2000 350/2000
Max piston speed (m/s) 14.6 14.5
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Fig. 4 Measurement points in thrust cross-section
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This article introduces environmental support
technologies for the V10 500-HP engine that was
developed for use in super sports cars. A new
valve assembly was developed that adds a cylinder
deactivation function to the high engine performance
DOHC i-VTEC mechanism in order to achieve a
balance between high engine performance and fuel
economy. In order to achieve a balance between
high engine performance and low emissions, the
exhaust manifold was made a long type, a two-bed
closed couple (CC) catalyst (CAT) and an under-
floor (UF) catalyst were configured as the exhaust
emissions control system, and a secondary air system
was adopted. Misfire detection was supported by the
adoption of a cylinder pressure sensor system. These
various technologies enabled achievement of a balance
between high output performance at the top of its
class among competing cars and high environmental
performance that responds to the demands of the
times.
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Table 1 Engine specifications

Cylinder configuration V10
Bank angle 90°
Firing interval 90°-54°(uneven firing)
Bore pitch / offset 102 /20
Bore x Stroke (mm) 90 x 78.5
Displacement (cm3) 4993
Compression ratio 12.3:1

DOHC i-VTEC VCM
4 per cylinder

Valve train
Number of valves

Valve diameter IN/EX (mm) 37/31.5
Gasoline Premium (RON95)
Max. power (kW/rpm) 405 /8200
Max. torque (Nm/rpm) 513 /7000
Idle / Fuel cut (rpm) 850/ 8500
Fuel economy City / Hwy label (mpg) 16/ 21
Unadjusted Combined (mpg) 22.8
Emissions LEV2-ULEV
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4.1. 3-stage VTEC VCM #£4§
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Fig. 2 Components of rocker arm
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Table 2 Valve train specifications

Engine code — J3572 F20C LDA-MF5
Cylinder configuration V10 V6 L4 L4
DOHC SOHC DOHC SOHC
Valve train 3-stage VTEC 3-stage VTEC
éEM VCM VTEC 8CM
e | o |« |« |
Running O O — -
VCM Deceleration O O — O
Idle O — — —
VTEC In O - O O
Ex O - O -
VTC ©) - ©) -
Max. engine speed (rpm) 8500 6900 9000 6500

Fig. 312 3-stage VTEC VCM R DI SRR 278,
Bank2 Ti&, #EkD VTEC FOMERIZ L, KA & R
IEHD 2 KOME L, ZOMWEDUBRA 2B Z %55 3 HF
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ZOWREETHREDMITEENA % & Fig. 4(b) 12T &
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h3.
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Bank 1: 2-stage VTEC

Spool valve
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Fig. 3 Components of 3-stage VTEC VCM
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Fig. 4 Operating principle of 3-stage VTEC VCM
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Fig. 5 Operation of VCM

LA-4: VCM 68%

180
160
140
120
100
80
60
40
20

Vehicle speed (mph)

o
N
o
o

180
160
140
120
100

Vehicle speed (mph)

800

1000
Time (sec)

1200 1400 1600 1800

500

400

Time (sec)

Fig. 6 Operation of VCM in LA-4/Hwy mode
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3-stage VTEC VCM Individual electrically controlled throttle

5-1 long exhaust manifold

UEGO sensor

HEGO sensor

U.F. CAT C.C. CAT Secondary air system

Fig. 7 Configuration of emissions control system
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Fig. 10 Catalyst temperature after engine start in LA-4 mode



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

_Hot sok and engin re-start |

0 200 400 600 800

Vehicle speed (mph)

1000 1200 1400 1600 1800

Time (sec)

900
800

700
2 600
g 500
2 400
£ 300
(&)

200

100

Vehicle speed (mph)

400 500 600 700

Time (sec)

Fig. 11

6. KRAARHRA;M

ERBEIS A ¥ 2749 201213, BN DORIG
BR2EZOD, 10 X fHDOEBER ’ﬁkﬁaA#ﬂﬁéi/\§?~
VTORAIT 312, wEkD v 5 v o AMEEE) A RV 2R
HMFETIIEREY 7 by 2 THENRDEE L5728, K
IV Y TIEIBEE A O AERERT Y 27 4 Y0
R A2 L /2 v v 7RG IR L b TRIR T
XHRVATLEL.

6.1. ¥ X7 LB

VAT LADORKIZ Fig. 12187 &5 12, MAEX Y
BXO, BNEL=y b THEKLTED, Engine Control
Unit (ECU) IZ Controller Area Network (CAN) T7F — 4 fix

Cylinder pressure unit

Charge

Cylinder pressure
sensor #1 - #5

Cylinder position sensor

Crank position sensor

Cylinder pressure
sensor #6 - #10

Charge CPU

CAN network

Engine Control Unit

Fig. 12 Cylinder pressure unit configuration

Relationship between VCM and catalyst temperature
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Development of V10 500-HP Engine
— Technologies for High Performance and Reliability —

Wl & BAT b H B
Takahiro OKUYAMA Makoto NAKADA
G2 =1 ABSTRACT

A —=)S—= 2K = H—HIZBFR L7 V10 500 Hhx v
Uy O EFIEMEICBT 2 &9 5. 500 &
A B4 — % BT 5728, WX 0 X E T o
FEL 2 EIEEX D, L—%2F 9 FNLT Y — b &
L7z, ZAR=Vh =12 > TN ERBRICEEZ A L Z
RY ZD7=DIZKR ML 2T PLAERH L, EEER
IR L 28 LA B 2 & o 72, BRI DOV
T, Ry Y U niE#iE P LT NSX %ikH O
bhJi#&EEL, —F v bETE2ED 2RO IRGE %
BIBADTAMEWARATIGET - 252 LICEDFRML
7. Dlbicky, HEE LBV NS2EDE, 505
MTRODLTHELDBLY O YN TE B ST

This article introduces technology related to the
power output and reliability of the V10 500-HP engine
developed for use in super sports cars. In order to
achieve high power exceeding 500 HP, thoroughgoing
measures were taken to reduce interference of intake
air and exhaust air between cylinders, and laser clad
welded valve seats were adopted. Individual throttles
were adopted for the purpose of high response, which
is of similar importance to power output for sports
cars, and comprehensive weight reductions were made
in major moving parts. As to reliability assurances, an
examination was made of how the successor vehicle
to the NSX, which was slated to have this engine
mounted in it, would be used. Test criteria were
formulated on the basis of actual running data to
enable issuance of a guarantee in all areas, including
running on the circuit, and testing was carried out.
The above measures produced an engine that would
allow enjoyment of running with the high degree of
attractiveness set as an objective and with a sense of
security in all situations.
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Fig. 1 Engine performance

Table 1

Engine performance specifications

Max. power (kW/rpm) 405 /8200
Max. torque (Nm/rpm) 513 /7000
Displacement (cm3) 4993
Bore x stroke (mm) 90 x 78.5
Compression ratio 12.3:1
" Valve (mm) Inlet: $37 x 2 Exhaust: $31.5 x 2
8 Piston & Ring Forged & 3 Ring
'% Connecting rod Titanium
= VTC Operation angle: 50 degrees
o Product made of resin (vol: 9.4 L x 2)
s & Surge tank Each bank independent
S2[ THB:Pr 038 x 2
< TH/B : Sec 950 x 10
Exhaust manifold $38.1 x 440 Thickness: 1.0-1.5
g ce 2BED (0.4+0.6 L) 600/1.2 metal
8 o +600/3.5 ceramic
«% Exhaust pipe-A $60.5 Thickness: 1.2
e U.F. 6118 race track 1.4L 300/1.2 metal
X
w . 065 - Exhaust chamber $115
Exhaust pipe-B Each bank independent

Fig. 3

3D funnel shape

GT chamber

Exhaust manifold and GT chamber

Fig. 4 Funnel shape of LCVS
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Development of New Structural Optimization
Methodology for Vehicle Crashworthiness

Sanjaya FONSEKA*

ABSTRACT

The automotive industry continues to face the challenge of developing efficient side body structures that help
to reduce the risk of injury to occupants in collisions. The B-pillar, Roof, and Side Sill are key structural members
that help reduce the risk of injury to the occupants during a side impact crash event. This study used a simulation-
based global optimization method to find optimum thickness for the B-pillar, Roof, and Side Sill components
considering baseline material specification and vehicle performance in the IIHS SICE (Side Impact Crashworthiness
Evaluation) and FMVSS 216 (Roof Crush Resistance) safety tests.

Fifteen design variables were defined by selecting structural members from a unibody vehicle design. The
objective of the optimization was to find the most efficient distribution of mass for the structural members that
are vital for the occupant safety. Automated simultaneous simulations were conducted using a global optimization
method called Self-Adaptive Evolution. This methodology resulted in a 11% increase in occupants survival space (or
decrease in occupant compartment intrusion), and 1.7% reduction in total mass compared to the baseline structure.

Also this optimization result met the FMVSS 216 roof crush resistance requirement.

1. Introduction

Government and insurance institutions have
introduced many safety standards with the intent to
help reduce the risk of serious and fatal injuries to
occupants during side impact crashes. To achieve a
desired crashworthiness, the auto industry focuses on
developing better vehicle side body structures that help
reduce the risk of injury to occupants in collisions.
When considering safety standards in development,
available design and test technologies only allows
the engineer to design and tune the vehicle side
structure to each test mode separately. However, this
can be inefficient and somewhat imprecise since it
requires a lot of design time and experience to find an
appropriate strength and balance for the side structure.
Still the engineer may not find the optimum structure
respect to weight and strength.

A new simulation-based structural optimization
method was developed to help design the structure
more efficiently considering the crash modes
simultaneously. This method was validated during
the initial phase of side structure development for
2011 Odyssey. The objective was to find the optimum
thickness for the side structural members that would

* HONDA R&D AMERICAS, INC.

https://doi.org/10.69239/hondatechnicalreview.2010 22 2 9

help to reduce the risk of injury to occupants in
collisions and meet the requirements of the Side
Impact Crashworthiness Evaluation (SICE) and Federal
Motor Vehicle Safety Standard (FMVSS) No. 216,
Roof crush resistance modes. These modes were
selected since they are the most dominant for side
impact crashes.

The numerical optimization method used was
Self Adaptive Evolution (SAE). This is a global
optimization algorithm'” in which the results are not
dependent on a starting point, such as it is in the
gradient-based methods.

Furthermore, iterations are calculated in parallel
and tend to converge to a global optimum.

Generally, global optimization methods require a
large number of simulations and dedicated computer
resources. To facilitate this, computer resources at the
Ohio Supercomputing Center (OSC) were used.

2. Side Impact Crash Modes

Roof crush resistance and SICE simulation
models were used simultaneously to find the
optimum gauges for the side structure (Fig. 1).

Total mass of these parts, shown in Fig. 2, was
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Fig. 2 Side structural members selected for optimization

36.93 kg. These parts were selected primarily based
on their direct contribution to withstand the side crash
modes. Part size was a secondary factor since more
mass can be taken out from larger structural members.
The objective of this study was to find the optimum
thickness to the structural members that would meet
the target force level and occupant survival space
for roof crush resistance and SICE crash modes
respectively.

3. System Workflow

Figure 3 shows the optimization workflow that
was developed using OPTIMUS software. This is a
fully automated workflow that varies the thickness of

the side structure, simulates the two crash modes, and
extracts the roof crush resistance force and survival
space.

Using this workflow, many simulations were run
successfully. OPTIMUS easily interacts with other
software that control the simulation submission process
and can incorporate user scripts, which is essential
since some of the simulations required extracting
complex results. For this study, a separate script was
written to extract the occupant survival space from the
SICE simulation. All the simulations were done using
LS-DYNA® software. The OSC was used to process
the 200-plus simulations that were needed to complete
this optimization.
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Fig. 3 Optimization workflow

Table 1 Baseline (first design milestone) simulation results
Roof-crush force Survival space Total mass (kg) Total mass (kg)
(N) (mm) [Comps for optimization] [Comparing the both
sides of the car]
Target 66400 116 Reduce mass Reduce mass
Baseline run 73414 117 36.9 69.5

4. Optimization

The noisy, non-linear nature of crash analysis
reduces the use of gradient-based optimization methods;
therefore, a global optimization method called SAE was
selected to drive the optimization. The SAE strategy is
directly based on absolute valued vectors when dealing
with continuous parameter optimization studies. The
algorithm is a multi-recombinant scheme based on
a population of designs and its strategy is to imitate
biological mutation and selection”. Designs with the
best fit from the current total population will be selected
as the parents for the next generation. The multi-
recombinant method used here selects multiple parents
to generate one offspring, and mutation is independently
applied to each design so the old generation produces
a new generation. The new generation’s fitness is then
calculated and new offspring are made. The algorithm
has convergence criteria and, for certain ranges,
algorithm parameter values have been determined for
improved performance.

Objective: Minimize total mass of the selected parts.
Constraint 1: Roof crush resistance force has to be
greater than 66400 N

Constraint 2: Distance from center of the vehicle to
B-Pillar Inner has to be greater than 551 mm for
SICE.
Occupant
=116 mm
Where 435 mm is the distance from center of the
vehicle to the center of driver seat cushion, which is a
constant.

Thickness of the parts varies between 0.7 and 2.3
mm.

survival space is calculated as 551 - 435

Number of Simulations required is calculated as

Number of Load Cases (Roof-Crush and SICE)
x Population Size (number of simulations for each
generation)
x Number of generations,

Therefore total number is 2 x 15 x 8§ = 240
simulations.

Table 1 shows the baseline results compared to the
target.

5. Optimization Results

Table 2 shows the results of the first
22 simulations. In the OPTIMUS workflow,
Max Force RoofC refers to Constraint 1 and
Minimum_length refers to Constraint 2. It is observed
that when going from one generation to the next, the
optimization algorithm finds more feasible solutions in
allocating less mass to the structural members.

Figures 4 and 5 show the behavior of total mass
respect to the two constraints. It is clear from Fig. 5
that the efficient mass distribution among the structural
members can give better roof crush resistance force
and survival space. It is also evident that SICE or
Minimum_length is the driving constraint for the
optimization.

Table 3 shows the best mass distribution among
the structural members found through this optimization
study.

As shown in Table 4, simulations 76 and 114
show better roof crush resistance force and better
survival space with same or less mass compared to the
baseline.
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Table 2 Optimization results
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Table 3  Optimization results with efficient mass distribution

1 0 16 73414.05988 1 1 55180119 0.03693

61 4 2.06459 76316.01867 1 1 565.17467 0.03762

76 5 2.10386 74064.04847 1 1 555.82743 0.03591
10 ¥ 2.09286 76131.41799 1 1 560.377B1 0.03695
14 7 2.19667 74716.40748 1 1 564 97335 0.0373

Table 4 Simulations 76 and 114 compared with baseline

Roof-crush force | Survival space Total mass (kg) Total mass (kg)
(N) (mm) [Comps for optimization] [Comparing the both
sides of the car]
Target 66400 116 Reduce mass Reduce mass
Baseline run 73414 117 36.9 69.5
Run 076 74064 121 35.9 -
Run 114 74716 130 37.3 -

6. Refinement of the Optimization Results

It is essential that optimization results should
be analyzed further as global optimization methods
will require many more number of simulations to
converge to an optimized single solution. Because of
the limitation on the computer resource availability
this many simulations were not feasible. As already
large numbers of simulations were completed and a
good scatter was available for the responses (mass,

constraints), these results were analyzed based on the
Design of Experiments (DOE) principle.

Based on correlation values in Fig. 6, optimization
results were further refined.

Correlation value table gives information about
the level of correlation between the design variables
(thickness of structural members) and the responses.
The correlation value is always between +1 and -1.
A correlation value closer to +1 or -1 signifies that
responses and corresponding design variables are
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Table 5 Thickness values for simulations 76a, 114a were based on 76,114

Roof_Rail_SideF_2| Floor_ Cmbr_5| Roof Pnl_Stiffo_ 6| Sill_Stf 11| B_PIr_Innr_Lower_14| B_PIr_Innr_15
1 1.00 1.60 1.60 1.40 1.60 1.60
76 0.82 0.77 1.00 0.91 1.66 2.10
114 1.91 1.77 1.01 0.73 1.40 2.20
76a 0.82 0.67 0.80 0.81 1.50 2.10
114a 1.01 1.60 1.01 0.73 1.40 2.20
Table 6 Manual Simulations 76a and 114a compared with baseline
Roof-crush | Survival space Total mass (kg) Total mass (kg)
force (N) (mm) [Comps for optimization] | [Comparing both sides of the car]
Target 66400 116 Reduce mass Reduce mass
Baseline run 73414 117 36.9 69.5
Run 076 74064 121 35.9 -
Run 076a 68760 120 35.0 66.5 (3.0) |
Run 114 74716 130 37.3 -
Run 114a 71692 130 36.0 68.3 (1.2) |

mostly linearly-related, while a value closer to zero
indicates that they are fairly independent.

The high correlation value of 0.66 indicates that
the B-pillar inner (part 15) is the most important
for SICE. This is very much in line with the design
experience.

Negative correlation values for parts 2, 5, 6, 11,
and 14 indicate that they are not significant for SICE.
Therefore, thickness for these can be reduced and still
provide the same occupant survival space. To further
reduce mass, the thickness of these parts was reduced
and new simulations, called 76a and 114a, were run
manually. Thickness comparison is shown in Table 5.
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Table 6 shows the results for simulations 76a and
114a compared with optimization results.

Simulation 76a shows that mass can be reduced
by about 3 kg per vehicle and still provide more
occupant survival space and roof crush resistance
force compared to the baseline. Simulation 114a
shows a survival space improvement of 13 mm over
the baseline condition and with a reduction in mass of
about 1.2 kg less per vehicle. Figures 7 and 8 show
comparison of the baseline to the simulations 76a and
114a with respect to roof crush resistance force and
SICE.
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Fig. 8 Occupant survival space for SICE



Development of New Structural Optimization Methodology for Vehicle Crashworthiness

7. Conclusion

(1) The global optimization simulation method used in
this study can be applied to similar situations where a
structure is designed using several test modes. In this
study, the number of simulations required was a major
challenge since each one required approximately 20
hours to complete. This required a parallel processing
environment with many available CPUs. To use these
computer resources efficiently, only the most dominant
test modes were considered for the optimization
workflow.

(2) During optimization, 7 out of 240 simulations did
not complete correctly due to numerical instabilities
caused by the unbalanced structure. When the
optimization process assigned thickness, in extreme
situations the structure became severely unbalanced
and led to numerical instabilities in the simulation.
This was an unavoidable situation that was considered
in the planning stages of the study by having few
additional simulations than required and aslo designing
the optimization workflow to ignore such results.

(3) The optimization results in Table 5 show thickness
of the B-pillar inner to be 2.1 mm. This may be
infeasible to manufacture as a single part. Therefore,
consideration is made to apply reinforcement to the
B-pillar inner so that the combined thickness gives a
similar strength as 2.1 mm B-pillar inner.
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Development of Low-profile Fuel Tank System and
Zero Leak Valve for North American Market
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ABSTRACT

In the North American market, the US Honda Odyssey is commonly regarded as the “King of Minivans”
because of the great value it provides to customers. Among other things, its low-flat floor packaging offers
significant value, and the fuel tank system packaged under the floor greatly contributes to securing sufficient cabin
space and making the low floor possible.

For the development of the fourth generation Odyssey, which applies an exclusive platform for the North
American market, the underfloor platform was carried over from the previous model. However, the overall fuel tank
system design was changed to further improve its reliability and reduce cost.

Specifically, fuel leakage was successfully eliminated by using a 2-vent system located on the top of the tank
that consists of a Vent Shut Float (VSF), which detects when the fuel tank is full, and a Rollover Valve (ROV),
which allows the tank to vent when the VSF is closed. As a result, the liquid-vapor separation device that was
applied to the previous model to address this issue could be removed, thereby simplifying the low-profile tank vent

https://doi.org/10.69239/hondatechnicalreview.2010 22 2 10

system.

1. Introduction

The fuel line connected to the fuel tank normally
consists of two lines: a feed line, which supplies
fuel to the engine, and a vent line, which adjusts
the tank’s internal pressure by releasing fuel vapor
from the tank to a canister. An important function
of the fuel tank system is “liquid-vapor separation
performance,” which measures the system’s ability to
prevent a fuel leak during refueling and maintain an
open ventilation passage during various conditions.

To achieve adequate liquid-vapor separation
performance, multiple vents may be necessary
depending on the fuel tank’s shape. However, based on
the vehicle’s inclination, the vents can be submerged
in fuel, which can cause fuel to flow out the vent
line. Preventing this has traditionally complicated the
system. The proposed system and valves discussed
in this paper achieve the required performance and
simplify the system.

2. Challenges with Prior Design

Generally, fuel tank systems used in Japan and
Europe have a rollover valve (ROV) positioned at the
top of the tank (Fig. 1) at the location where fuel
vapor remains at all times. The ROV position prevents
fuel from escaping out the vent line, even when the
vehicle is inclined.

* HONDA R&D AMERICAS, INC.

During refueling, fuel vapor is released to the
atmosphere through a breather tube that is connected
to the fuel inlet pipe. When the tank is filled, the
breather is submerged, which cuts off the vapor flow
to stop refueling.

However, vehicles sold in North America must
comply with government regulations that prohibit
the release of fuel vapor to the atmosphere during
refueling. To comply with this regulation, an On-board
Refueling Vapor Recovery (ORVR) system guides the
fuel vapor to a canister that adsorbs it during refueling
and, when the engine is running, desorbs and releases
it to the engine for burning. A vent shut float (VSF),
which detects when the fuel tank becomes full, is used
to cut off the flow of fuel vapor to automatically stop
refueling and to prevent liquid fuel from reaching the
canister. Since the VSF also affects the aforementioned
liquid-vapor separation performance, just like the ROV,

ROV (Roll over valve)

Breather
Vent line \ / \-‘

nar
n\s T R
)

Fuel pump module \ Fuel tank

Fuel filler pipe

Canister (general

Fig. 1  General fuel system diagram
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normally the VSF is positioned in an area at the top
of the fuel tank where only fuel vapor is present.

Other North American regulations that pertain to
gases evaporating from a vehicle include the California
Air Resource Board’s (CARB) Low Emission Vehicle
2 (LEV2) regulation and the Environmental Protection
Agency’s (EPA) Tier 2 regulation. Both regulations
set different conditions, but the LEV2 requirements
are stricter and also cover ORVR. Figure 2 shows the
conventional LEV2 fuel system.

The “low-flat floor package” in the minivan
category makes it difficult to ensure a sufficient fuel
tank capacity and an efficient liquid-vapor separation
at the same time. A fuel tank with a low-profile (flat)
shape must be made larger to accommodate a fuel
vapor area where a ROV and a VSF can be installed.
However, a larger tank requires more package space,
increases weight, adds volume to the vapor area, and
ultimately requires a larger canister and higher purge
flow rate for the engine to burn the increased amount
of vapor. These factors are considerable disadvantages
with regards to treating vapors in the fuel tank and
improving fuel economy.

To solve these technical challenges, the 2005 model
year Odyssey adopted a “2-vent system” (Fig. 3) and
a liquid-vapor separation device called a “vent tower”
(Fig. 4). The VSF, which is normally positioned at
the top of the tank, was moved to a higher location
within the vehicle’s wheel housing, and the two ROVs
were connected to the vent tower by separate lines.
This LEV2 system achieved the required liquid-vapor
separation performance, enhanced the tank’s capacity
filling efficiency, and contributed to a low-floor
package.

Despite the advantages of the 2-vent system to

Vapor return

Vent li
Vent relief valve ent line

ORVR vent Iine\

Canister (for DBL & ORVR) o (Ventshutfloat

Fig. 2 LEV2 fuel system diagram

Vent relief valve

Vent tower
VSF } N [FEE

/N

Joint for VSF/ \ ROV

Fig. 3 2005 model year Odyssey fuel system diagram

marketability, compared to a conventional LEV2
system, the positioning of the vent tower still required
the following:
* Increased part cost
* Increased package space inside the wheel housing
+ Additional tube connections with lines extending from
the tank
¢ Increased fuel permeation amount
+ Additional assembly tasks in the manufacturing process
 Protection for the vent tower in the event of a vehicle
crash or other dangerous situation
For the 2011 model year Odyssey, the fuel system
was redesigned to eliminate the vent tower while
maintaining marketability in terms of low floor
packaging, fuel tank capacity, and filling efficiency;
reduce cost; and enhance reliability.

Detail A

Detail B

Vent tower )
Vent relief valve

Detail B

Fig. 4 Vent tower on 2005 model year Odyssey

3. System Concept and Technical Requirements
for Components

3.1. System Concept

To achieve the development target, the overall
concept of the fuel system had to be clearly defined.
This design began with positioning the VSF and ROV
on top of the tank, just as a conventional LEV2 tank
system.

To ensure the same capacity and filling efficiency
of a low-profile tank, a multi-vent system (that is, a
system where two or more ROVs are applied) would
be adopted as the 2005 model year Odyssey did.
However, with the multi-vent system, one of the valves
will be submerged when the vehicle is inclined in a
certain direction. To meet the required liquid-vapor
separation performance, the multi-vent design needs to
reliably prevent fuel from leaking out the vent line via
the submerged valve.

In other traditional multi-vent systems, a liquid trap
is provided in the form of a separator to achieve the
required liquid-vapor separation performance. However,
such systems require an additional joint between the
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vent line and separator as well as measurers to prevent
permeation of fuel from the separator itself. This
specification could not be adopted since it would be
incompatible with the LEV2 regulation. Consequently,
a new zero-leak VSF and ROV technology was needed
to keep the amount of fuel leak to zero without adding
a separator.

Generally, in multi-vent systems, the greater the
number of vents, the smaller the required vapor
volume, hence a 3-vent system is better than a 2-vent
system. However, additional vents require more ROV
welding locations on the tank and longer tubes for the
vent line, both of which are negative factors since they
affect cost, fuel permeation amount, and reliability.
To minimize these factors, the “2-vent system with
zero-leak valves” concept has only two valves, one
ROV and a VSF that also provides the ROV function.
Furthermore, a relief valve with an orifice was set at
the joint between the vent line on the VSF side and
the vent line on the ROV side. As shown in Fig. 5,
all of these parts are installed to the fuel tank as one
assembly.

3.2. Technical Requirements for Components

After defining the system concept, the specific
performance requirements for each system component
had to be clearly defined.

3.2.1.VSF

(1) General performance of the VSF shall be ensured,
while keeping the level of leak to zero, using a
traditional, anti-stick type multi-stage float.

(2) One valve shall provide both the “full-tank detection”
function and “ROV” function to create a 2-vent
system.

(3) An orifice shall be provided to control the pressure
inside the tank when the vehicle is inclined, which
actuates the ROV near full-tank capacity.

(4) The orifice shall control vapor inside the tank in such a
way that sufficient auto-refueling stop performance is
ensured and the amount of fuel that can be added after
auto-stop is kept low. In doing so, the required total
P-Q (pressure versus flow rate) characteristics of the
entire system shall be satisfied by a combination of this
orifice and the orifice in the vent relief valve, which is
explained later.

Vent relief valve with orifice

\‘ / Vent line

T

AN

Zero-leak ROV

Zero-leak VSF

Fig. 5 Concept for 2-vent system with zero-leak
valves

3.2.2. ROV
General performance of the ROV shall be ensured,
while keeping the level of leak to zero.

3.2.3. Vent relief valve

(1) The pressure inside the fuel tank shall be adjusted
properly through the vent line on the ROV side when
the VSF is submerged and flow of vapor is cut off due
to inclination of the vehicle.

(2) The amount of vapor flow shall be adjusted so that
when the specified fuel level is reached during
refueling, the VSF will actuate to cut off the
vapor passage and thereby cause refueling to stop
automatically.

(3) When combined with the VSF orifice, the valve must
keep the amount of fuel that can be added after auto-
stop low and to a level at which the full-tank level can
be maintained.

(4) When combined with the VSF orifice, the valve shall
achieve an appropriate flow of vapor to prevent spit-
back of fuel upon auto refueling stop.

3.2.4. Fuel tank

(1) The structure shall be such that the above valves are
retained on the fuel tank.

(2) The nominal capacity shall be ensured and equivalent
filling efficiency achieved based on the same package
space as on the previous model.

As listed above, the system concept and technical
requirements for each component were clarified before
the start of development.

4. Key Technologies

4.1. Zero-leak VSF Construction

Honda’s traditional VSF adopts a 2-stage float and
its valve re-opening pressure is designed to prevent
the valve from sticking when a high volume of
vapor is generated in the tank. Traditionally, a large
diameter seal is achieved by contact between plastic
and rubber, whereas a small diameter seal is achieved
between plastic and plastic. However, the small
diameter seal design has been associated with a small
leak due to either fuel sloshing inside the tank or the
seal remaining submerged in fuel for a long period.
Therefore, the new design had to eliminate this leak.

If the sealing effect is lost, a leak will occur if the
vehicle is inclined and the valve is submerged in fuel.
Although this does not pose a concern in a normal
system where the VSF is positioned in a vapor area,
it did pose a significant challenge in designing the
new system. For the new system, the zero-level leak
requirement must be 1 ml or less over 1000 hours
when the sealed area of the valve is submerged in
fuel. Figure 6 shows a structural diagram of the zero-
leak VSF.

Furthermore, actuation of the float to provide
sealing is based on the reactive force of a spring and
buoyancy of fuel, so sealing performance may be lost
due to fuel sloshing.
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Fig. 6 Zero-leak VSF construction

During development, it was discovered that
the conditions most susceptible to leak occurred
from vehicle vibration input. Accordingly, an
allowable amount of leak was set for each vehicle
vibration condition that could occur with the
vehicle traveling while the float is submerged. The
hardware specifications were set to meet these
target values.

The new adopted structure incorporates the
following setting to prevent fuel leak, achieve an
appropriate seal compression margin, and to ensure
sufficient seal performance in a low-temperature
environment:

» Seal structure based on plastic and rubber in the small-
diameter area

» FKM Sifel material used for the seal rubber

* Adoption of a 3-stage float structure and setting of
an auto-pivoting adjustment mechanism capable of
absorbing angle variation

» Addition of a float stroke stopper for the small-diameter
area

Furthermore, the following changes were made to
suppress the effect of an external force to buoyancy
behavior and to ensure sufficient sealing performance
under vibration and in a submerged state:

» Setting of a core float to reduce the influence of the air
volume trapped inside the lower float

* Adoption of POM for the lower float and lightweight
PA12 for the core float to reduce the effect of the float’s
weight

» Increase of the stroke margin in each of the three float
stages compared to the traditional structure to improve
the valve’s ability to remain closed when the lower float
drops due to vibration

These design measures allowed us to achieve the
zero-leak target value.

4.2. Zero-leak VSF Auto-stop Function
The VSF automatically stops refueling in one of
two ways.

4.2.1. Float buoyancy method

As shown in Fig. 7, as the fuel level rises,
the float rises and cuts off the flow of vapor and
refueling stops.

4.2.2. Breather-type method

As shown in Fig. 8, as the fuel level rises, the vent
holes in the VSF case are submerged, the vapor route
is cut off, and refueling stops. This cutoff of vapor
flow by the actuation of the float occurs secondarily.

The VSF of this system adopted the breather-type
level detection method to achieve “full-tank detection”
and “ROV” functions with a single valve.

In this system, vapor flow must be shut off in the
tank when the full-tank level is detected. However,
with the 2-vent system, vapor flow must be permitted
when the ROV is inclined and submerged in fuel.

Accordingly, an orifice was integrated in the
VSF case to permit vapor to flow to the vapor line
even when the vehicle is inclined near its full-tank

Case hole Case hole

7 T i vindow

Float shut off operation
Buoyancy force + Spring force
> Float gravity force

Fig. 7 Float buoyancy type VSF operation mechanism

Case hole submerge
= Vapor route shut off

Auto stop pressure
shut off by float closing

Fig. 8 Breather-type VSF operation mechanism
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capacity. When setting the orifice diameter, the “total
P-Q characteristics” of the entire system must be
investigated, the details of which are explained later.

4.3.VSF Marketability Requirement

When the VSF was installed on the redesigned
tank, actuation noise from the plastic of the float
contacting the plastic of the bottom plate permeated
into the cabin. This had not occurred on the previous
model or any other model that used the traditional
VSF design. To resolve this issue, an impact-absorbing
rubber cushion was added to the bottom plate of the
VSF.

4.4. Zero-leak ROV

The traditional seal structure of the ROV was based
on contact of “plastic” and “plastic.” As a result, a
small amount of fuel leak occurred due to sloshing
of fuel inside the fuel tank or the seal remaining
submerged in fuel for a long period, just as the small-
diameter seal area of the VSF. Accordingly, the new
design had to eliminate this leak.

To achieve sealing, the ROV, like the VSF, is
structured so that the float is actuated by a force
resulting from the reactive force of a spring and
buoyancy of fuel. However, the ROV does not have
a full-tank detection function, so a one-stage float is
applied. The same leak requirement value applied to
the VSF was adopted and hardware specifications were
investigated to satisfy these requirements.

Figure 9 shows a structural diagram of the zero-
leak ROV. This ROV is adopts the float buoyancy
method.

The newly adopted structure incorporates the
following setting to prevent fuel leak, achieve an
appropriate seal compression margin, and ensure
sufficient seal performance in a low-temperature
environment:

» Seal structure based on “plastic” and “rubber” in the
seal area

» FKM Sifel material used for the seal rubber

* Ensuring sufficient seal compression margin through a
structure that holds the outer periphery of the rubber all

Detail D

Core float

Bottom

Spring

round and causes the rubber to deflect toward the inner
periphery side
+ Addition of a float stroke stopper
Furthermore, the following changes were made to
suppress the effect of an external force to buoyancy
behavior and to ensure sufficient sealing performance
under vibration and in a submerged state:
* Setting of a core float to reduce the influence of the air
volume trapped inside the float
* Adoption of POM for the float and lightweight PA12 for
the core float to reduce the effect of the float’s weight
These design measures allowed us to achieve the
zero-leak target value.

4.5.Vent Relief Valve

A relief valve with orifice was set at the joint
between the vent line on the VSF side and the vent
line on the ROV side. This valve controls the flow
rate on the ROV side. A structural diagram is shown
in Fig. 10.

The valve seal diameter was increased from the
conventional structure to ensure the required P-Q
characteristics. Furthermore, to stabilize the accuracy
of parts, a laser welding method was adopted instead
of conventional vibration welding, and the valve was
welded after the assembly.

/ Upper case

Valve

Laser welding

/ Lower case

Spring

Fig. 10 Vent relief valve for zero-leak 2-vent system

Core float

Detail D

Fig. 9 Zero-leak ROV construction
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4.6. Fuel Tank

For the 2011 model year Odyssey, a new low-
profile plastic fuel tank that allows for a low-floor
package was designed. The tank capacity is 21
gal. (79.5 L) that achieves an 84% capacity filling
efficiency.

Figure 11 shows the tank’s liquid-vapor separation
performance.

As shown in Fig. 12, the valves constituting the
vent system are positioned on top of the tank along
with their respective vent lines.

Although the general outline of the fuel tank has
a profile similar to that of the previous model, the
upper and lower halves are welded at three Stand
Off locations to ensure sufficient unit strength against
the internal pressure of the tank. To most effectively
suppress the deforming impact of vacuum on the
plastic fuel tank, the welds are located near the three
tank bands that hold the tank to the vehicle body. This
design minimizes tank vibration bounce that occurs
upon deflection by vacuum during engine purge and
is effective in minimizing the inputs received by the
valves on the tank.

Vehicle front side down

Vehicle <— m
left side down 260
\
\

250

0 —» Vehicle
right side down

—Cov
190 . 170 —VsF
~——Target volume

Vehicle rear side down

Fig. 11 Vapor-liquid separation performance

Stand off

Vent relief
valve

ROV side vent tube  Stand off = Pump module

Fig. 12 Fuel tank assembly for 2011 model year
Odyssey

5. Evaluation of System Soundness

5.1. 2-vent System — Total P-Q Characteristics

Vapor control is significantly different between a
conventional system and the new 2-vent system.

In the conventional system, an optimal vapor flow
setting for a refueling period can be achieved only by
controlling and adjusting the P-Q characteristics of the
vent relief valve.

In the proposed 2-vent system, the P-Q
characteristics of the relief valve and of the VSF
orifice must be considered at the same time. In other
words, “total P-Q” control and adjustment is required.

First, the total P-Q characteristic of the entire
system for the refueling period was verified to set the
overall ventilation orifice size to ©@1.4 or equivalent.
As shown in Fig. 13, this was attained through a VSF
orifice diameter of 0.8 at two locations and a vent
relief valve orifice diameter of ©0.8 at one location.

These separate orifices were positioned to maintain
vapor flow. Although the specific situation can vary
based on the vehicle’s inclination angle, vapor flow
depends only on the VSF’s P-Q characteristics when
the ROV is submerged in fuel; thus the vapor flow
passage is cut off when the main vent hole in the VSF
is submerged. For this reason, a fairly large orifice
size was set on the VSF side to maintain vapor flow.

Figure 14 shows the total P-Q characteristics
of the 2-vent system, as well as the individual P-Q
characteristics of the VSF orifice and relief valve.

The area requiring control during refueling and
the area where the flow rate should be increased
to prevent excessive pressure in the fuel tank were
addressed by combining the VSF orifice characteristics

Orifice 0.8
(2 places)

Main vent
hole

Main vent
hole

Detail E

Orifice ®0.g HEN

Fig. 13  Orifices for VSF and vent relief valve
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with the characteristics due to opening of the relief
valve. However, when vapor is passed through the
main vent hole of the VSF, the pressure becomes
low relative to the flow rate, at which time the P-Q
characteristics do not apply.

5.2. Vapor Flow Characteristics at Diurnal
Breathing Loss (DBL)

Although both the VSF and ROV achieve zero-level
leak through their respective seals, the volume of fuel
vapor generated was checked to confirm that the vent
system met the required vapor flow performance and
to evaluate any effect caused by a valve seal failure.

The condition where vapor flows only through
the VSF orifices due to the vehicle’s inclination
occurs only near the full capacity of the fuel tank.
Vapor flow needs to be maintained regardless of the
pressure inside the tank. If vapor is generated by a
change in outside air temperature while the vehicle
is parked on a slope, no fuel leaks should occur. To
confirm system performance, the temperature shift
specified by CARB’s Diurnal Breathing Loss (DBL)
requirement was measured and vapor generation was
checked under the condition of a leaking ROV seal.

Vapor generation was also checked in the condition
where vapor was flowing only through the ROV
and the VSF seal was leaking. The vapor flow was
maintained and no fuel leaked to the canister. As
shown in Fig. 12, a line connects each valve on the
tank and prevents any fuel leakage.

Figure 15 shows how the fuel temperature and
gasoline vapor generation in the fuel tank change due
to a DBL temperature shift.

Given this data and the P-Q characteristics of the
individual orifices shown in Fig. 14, it is clear that
there is little pressure in the fuel tank as long as vapor
is flowing.

i Relief valve
Orifice only [4 }
S I ~~Total P-Q criteria
20
ROV seal inside diameter
18
16 | Refueling Total P-Q (Image)

4

Orifice total ( ®1.4 equivalent)

Q [L/min]

VSF orifice ( ®1.0 equivalent)

Relief valve orifice
(0.8 equivalent)

0 I
0 2 / 4 6 8 10 12

Dispensing nozzle position P [kPal

Fig. 14 Vent system P-Q characteristic

5.3. Refueling Performance

The operating pattern of the newly-adopted VSF
and refueling based on the P-Q characteristics of
the vent system were checked. Smooth refueling
was possible until automatic refueling stop, and
the volume of initial and subsequent refueling were
confirmed to be at levels where the full-tank volume
could be achieved. In addition, there was no spit-
back of fuel after automatic refueling stopped and
all targets set as initial technical requirements were
met.

5.4. Evaporative Emission Performance

Evaporative emissions from the new system were
evaluated according to the conditions under the
LEV2 regulation. While the regulation specifies the
full test based on 3 days of DBL from the entire
system, and the short test based on 2 days of DBL,
the development adopted a permeation target value
of 200 mg or less per day from the system only.
Figure 16 shows the evaluation results of 2 days
of DBL from the fuel system components only.
As shown, the new system meets the development
target.
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6. Summary

The outcomes of this development are summarized
below.

(1) The “2-vent system with zero-leak valves” technology
was established.

(2) Zero fuel leak level was achieved based on sealing
between “plastic” and “rubber” materials in each seal
area for both the VSF and ROV.

(3) Zero fuel leak level was achieved, even in a fuel-
submerged environment, by adopting a lightweight,
external-force adsorbing design for each float.

(4) Appropriate levels of marketability in terms of
refueling, and vapor flow in an inclined state, were
achieved by implementing total P-Q control of the
vapor generating in the 2-vent system.

(5) The fuel system development target for the 2011
model year Odyssey eliminated the vent tower while
maintaining marketability in terms of low floor
packaging, fuel tank capacity, and filling efficiency;
reduced cost; and enhanced reliability.
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Automated Tool for Brake Squeal Analysis

Sanjib NATH* Scott PAUL*

ABSTRACT

Brake squeal analysis is a difficult process to set-up because selecting proper solver parameters and boundary
conditions is complex. For that reason, an automation tool has been developed to mesh, set contacts, set
constraints, define the non-linear and complex eigenvalue analysis parameters, and apply a gradual pressure load.
The key benefit of this tool is that it helps a non-specialist quickly find unstable modes in the brake system design

without prior knowledge of complicated CAE tools.

1. Introduction

Brake squeal is a high-frequency vibration that can
be caused by vibrations between the brake pads and
rotor, pads and the caliper, or caliper and its mounts.
Brake squeal occurs in a high frequency range greater
than a 1000 Hz vibration of the brake system during a
braking event. Brake noise is annoying to passengers
and can lead to customer dissatisfaction.

2. Contributing Factors to Brake Squeal

Figure 1 shows the brake components that can
cause brake squeal. Applying the brake increases brake
line pressure, which causes a caliper piston to push
brake pads against a spinning rotor. An unstable mode
occurs when a combination of piston pressure, friction,
and damping effects cause two stable modes to merge.

Different brake noise phenomena exist in different
frequencies. Figure 2 shows the different noise
phenomena that exist in the human hearing range®.
This study focused on low and high squeal frequencies
in the 1-20 kHz range.

Figure 3 shows a tree of how different simulations

Caliper body / bracket

Fig. 1 Components that can cause brake squeal

* HONDA R&D AMERICAS, INC.

are used to predict brake squeal.

Complex eigenvalue analysis (CEA) is one of the
critical simulations for predicting unstable modes
for brake squeal. The simulation is very difficult to
properly setup. There was no easy tool capable of

&
S Brake squeal frequency range
S N
N v v
&S £/ 9 S
$E I/ 8 S
S S /0 ISP
oQ A2 ‘OQ / \\Q, N K,g; o
- . ’ N N
&8 &g S$
VI
” | | Wire brush ~10-20 KHz
Human
hearing range —p 1L L L 1<+
@0Hz20 0 & = & s
KHz)

Frequency (Hz)

Fig. 2 Frequency range for brake noise phenomena

| Squeal noise |

| Simulation |

| Component | | Assembly |
[ [

Structural | | Thermal |

Frequency response | | Modal analysis

Modal analysis | | Complex eigenvalue

Fig. 3 Simulation dependencies for squeal noise
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performing CEA confirmation prior to engine running
testing. The main objective is to introduce new NVH
techniques in order to improve marketability. CEA
runs could be completed to find the best way to
optimize the brake corner.

3. Modeling Techniques

The rear brake assembly model was considered to
illustrate the modeling technique and analysis. Altair
HyperMesh software was used to setup the model and
complex eigenvalue analysis carried out using MD
Nastran solver.

3.1. Brake Components

The rear brake assembly includes rotor, caliper
body, caliper bracket, piston, inner pad lining, outer
pad, retainer, back plates, and shim. The brake
assembly with all the components is shown in the
Fig. 4.

3.2. Material Property

Anisotropic material property was used for the
lining material and isotropic material property was
used for the rest of the components.

3.3. Contact Definition

Touch and glue types of contacts (in MD Nastran
solution) were used between the mating parts. Touch
contact was used where friction is involved and
movement is allowed between components. The glue
contact was used where no friction is involved and

Caliper
body

Caliper
bracket

Fig. 4 Brake assembly

Table 1 MD Nastran parameters
Parameters Definition
SOL 400 Nonlinear static and transient analysis
NLPARAM Nonlinear static analysis parameter selection
NLIC Defines nonlinear initial condition
METHOD Selects real eigenvalue extraction parameters
CMETHOD Selects complex eigenvalue extraction parameters
EIGRL Defines data needed to real eigenvalue analysis
EIGC Defines data needed to perform complex eigenvalue analysis
MAT1 Defines material properties for linear isotropic materials
MAT9 Defines material properties for linear anisotropic materials
BSQUEAL Specifies data for brake squeal analysis
BSURF Defines a contact body or surface defined by elements IDs
BCONTACT Initiates and controls 3D contact
BCTABLE Defines contact table
BCBODY Defines flexible or rigid contact body

a rigid connector between components is allowed.
Three different friction values of 0.1, 0.3 and 0.5 were
applied between the rotor and pad and default values
(blank) were used for the rest of the contact pairs.
Contact pair for different mating parts is shown in
Fig. 14 in section 4.4.

3.4. Constraining the Model

The rotor and caliper bracket bolt holes were fix-
constrained. Rigid body elements were used instead
of modeling pin and caliper contacts (virtual pin). The
pin between the caliper body and bracket was only
allowed to move in the Z axis (axial). The constraints
details are shown in Fig. 10 and Fig. 11.

3.5. Loading Condition

The same and opposite pressure was applied to
piston (bottom) and caliper body (bore bottom) which
is shown in Fig. 12 in section 4.3.

3.6. Analysis Solver

MD Natran Solution 400 was used to solve the
complex eigenvalue analysis. Some of the important
brake squeals and contact parameters used in the
analysis are listed in Table 1.

4. Developing Brake Squeal Analysis Tool

CEA is one of the established methods to predict
squeal noise; however, it is a difficult analysis to set-
up because selecting the proper solver parameters and
boundary conditions are complex. For that reason, a
wizard based GUI was developed for a non-expert to
set-up a CEA step-by-step. The wizard is accessed in
the Altair HyperMesh workbench, which is used for
setting-up and viewing the results of the analysis. It
uses the MD Nastran advanced non-linear solution
sequence to solve the CEA. The overall process is
shown in Fig. 5.

4.1. Brake Squeal Simulation GUI

The tool (as shown in Fig. 6) enables the designer
to go through the following steps, with meshed parts
as the starting point:
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1. Update parts to represent correct material properties and
orientation

2. Define the right boundary conditions

3. User defined contact pairs and contact properties

4. Export the input data to solve in MD Nastran

4.2. Part Update Function

After the user imports a mesh model, the Part
Update function (as shown in Fig. 7) is used to adjust
the materials and properties and create coordinate

Import
mesh model

Brake squeal — ;
simulation GUI e

=
[

mponet 3

| Part update |

]
WODA 2 AT

fy &P
Norl IE HATS2

Load and boundary
conditions

Contact definition |

Solution |

Brake squeal simulation-v1.0 |/ HONDA |
Allair Engineering
For quessons.
MM'—lm‘mﬂmlm1
e S| | )|
Updata Parts
Matanals
[P o fun E| -/ |
Type  |Reclanguiar
Pick nodes:
Ovign L}
e |
L L) Cruata:
Assign refarenca to ports:
[Roee A Pk systom Mrwgr | Aweer |
I

Fig. 6 Brake squeal simulation GUI

systems of the model. The process involves the

following steps:

(a) Select a part from the Components list box.

(b) Select a material from the Materials list box.

(c) Display the part in the graphics window.

(d) Update the component properties.

(e) Specify a rectangular coordinate system (for pads) or
cylindrical system (for rotors).

(f) Assign new references to parts.
The imported mesh model is shown in Fig. 8.

4.3. Load and Boundary Conditions Function

The Load and Boundary Conditions function (as
shown in Fig. 9) constrains and applies load to the
model. The process involves the following steps:

Brake squeal simulation-v1.0 |/ HONDA |
Allair Engineering
For quastans.
PartUpdate | Loads/BCs | Comact Defnitoas | Solution |
‘Update Pans.
[Canpor_siave = frovor L R |
a. b. C. B
. Moddy coordinate relerences
Typs lar
Pick nodes:
o u] &
Kmode H
_ vpe | Cranin
Assign referance to pans
f. _Pickpon _ Pickystem | Ausign Pasatail
JI- |

Fig. 7 Part update function

Fig. 8 Imported mesh model

Brake squeal simulation-v1.0
Alair Engineering
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quastans.
mu;m|mm|muum!.m|
Cansiraiats:

. Rotorconsoin(otdicly  Nodps  |W| F BxcleX  © Ewie¥ P Boie?  Cosseeie |

 Londs —

C ottt [ 13| ‘ e

©.FGAL: LowsrBound: | 01 UpperBomnd: [ HoofMades [ w0 f, Cronte |

Close

Fig. 9 Load and boundary conditions
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a. Specify directions for nodal constraints. Since solid
tetra elements are being used, only 3 degrees of freedom
is necessary.

b. Specify pressure loads to be applied to the piston or the
caliper, usually in equal and opposite pressure values (5
to 10 bars).

c. Indicate the maximum fraction of total load to be
applied.

d. Enter the number of load increments for the non-linear
static case.

e. Specify the lower and upper frequency bounds. The
squeal mode usually occurs between 3-20 kHz. User
also can define number of modes to be extracted.

f. Create the request for real and complex Eigenvalues.

Rotor and caliper were constrained shown in

Fig. 10.

Virtual pin is allowed to move along the pin axis

which is shown in Fig. 11.

Same and opposite pressure load were applied to

piston and caliper body which is shown in Fig. 12.

4.4. Contact Definitions Function

Glue and touch contacts were defined between
the mating parts using the GUI (as shown in Fig.
13). There is no user input required to select specific
elements of the rotor and pad, which will potentially
participate in contact surfaces. MD Nastran parameters
automatically calculate the contact between deformable
bodies by selecting rotor and pad components. The
process involves the following:

Constraint

Fig. 10  Constraining model

Pin is only allowed
to move in Z axis

Fig. 11

Constraining virtual pin

a. Select a contact pair name.
b. Graphically pick master and slave parts.
c. Select Touch or Glue type of contacts.
d. Create a contact pair.
e. Select a coordinate system for the rotor.
f. Apply a friction coefficient between rotor and pad at
different steps.
g. Review/modify/delete contact pairs.
h. Assign contact stiffness.
Glue and touch contacts were defined in the
following contact pairs shown in Fig. 14.

4.5. Solution Function

Two simulation cases can be created: Normal
Modes and Brake Squeal simulation. The analysis was
solved in MD Nastran SOL 400 and the input file was
exported from the GUI (as shown in Fig. 15).

Gradual pressure load
is applied to piston

Same and opposite
pressure load is applied
to caliper body

Fig. 12 Pressure load applied to piston and caliper

Brake squeal simulation-v1.0
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Fig. 13 Contact settings
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4.6. Solving the Analysis
The MD Nastran model was submitted to a remote
Cluster through a web-based job submission process.

4.7.The Result

After the analysis was solved, MD Nastran
extracted the number of modes (based on frequency
range) in different frequencies. If the mode contains a
positive damping coefficient in a particular frequency
called a stable mode and with a negative damping
coefficient called an unstable mode. In addition,
wherever an unstable damping mode exists there will
also be an unstable positive real part (eigenvalue).
These unstable real parts have a higher propensity for
brake squeal.

All the unstable modes at different friction values
are listed which is shown in Table 2. The highest
Real Part values at that particular frequency and friction
the more potential for brake squeal. The highest values
were considered in each friction value.

Piston to shim
touch contact

Shim to pad
glue contact

Piston to caliper
touch contact

Caliper to shim
touch contact

Pads to rotor
touch contact

Pads to rotor
touch contact

Retainer to caliper
glue contact

Retainer to back plate
touch contact

Fig. 14 Contact pair between mating parts
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Fig. 15 Exporting Nastran input file

Table 2 List of unstable modes
Friction Coefficient
0.1 0.3 0.5

Frequency | Damping |Frequency | Damping |Frequency| Damping
coefficient coefficient coefficient
1436.1 -1.0879E-02 | 765.9 -1.6644E-01 | 334.2 -3.9757E+00
1581.8 -7.3663E-02 | 1089.2 -2.1251E-01 | 1205.1 -9.1807E-02
2329.9 -1.2960E-02 | 1389.2 -2.6517E-02 | 2327.9 -5.0113E-02
2218.8 -1.3124E-01 | 2528.0 -1.6859E-01 | 2552.6 -1.1247E-01
1661.3 -9.5757E-01 | 2268.2 -5.0868E-01 | 3090.9 -2.6059E-01
2563.3 -9.3130E-03 | 3852.6 -4.4087E-02 | 3463.1 -2.7524E-02
4468.5 -2.5986E-03 | 4505.9 -1.8205E-02 | 3740.3 -4.6142E-02
5722.9 -3.4972E-02 | 4926.9 -9.4900E-02 | 4478.7 -8.0819E-02
5877.6 -2.2904E-02 | 57121 -5.0749E-02 | 3933.4 -5.2205E-02
7175.0 -4.5128E-03 | 5827.2 -1.2575E-02 | 5100.6 -5.8908E-02
7056.3 -4.9961E-02 | 7089.4 -6.6410E-01 | 6018.7 -5.2367E-02
127191 -2.5516E-01 | 5644.7 -1.0792E+00

11472.6 -1.0793E+00 | 11392.2 -8.9748E-01

12897.3 -1.8317E+00 | 15360.0 -2.2695E-01

10462.0 -2.6509E+00

The following plot (as shown in Fig. 16) was
created to see the most unstable modes in different
way. Real and imaginary parts of eigenvalues were
plotted (shown in the left image in Fig. 16) and
positive and negative values of damping coefficient
were plotted (shown in the right image) with
corresponding frequencies at a particular friction
values of 0.3. The real part of eigenvalue and negative
values of damping coefficient are the unstable regions.
The farthest point from the axis center in unstable
regions in both plots is the most unstable mode shown
below.

Displacement contour of one of the unstable modes
is shown in Fig. 17.

Complex Eigenvalue M = 0.3

T T I
Most unstable mode | ¢ .

o :

Frequency (Hz)
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Frequency (Hz)
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Stable region Unstable region Unstable region Stable|region

[ R R
$ ¥ ® & % © < & @ ¥ © <
Real Part of Eigenvalue

-1.0E+00
5.0E-01
5.0E-01

1.0E+00

Damping Coefficient

Fig. 16 Most unstable mode

Fig. 17 Displacement contour of unstable mode
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The most unstable mode listed above may not
necessarily guarantee squeal on vehicle. Depending
on the concerned frequencies, friction values, and
applied pressure, a number of unstable modes could
be considered. In verification with the test result will
also be required to judge the simulation result.

5. Conclusion

Developing and implementing a brake squeal
analysis tool have contributed to vehicle development
in the following ways:

(1) The tool makes it easy to quickly set-up and run a

Complex Eigenvalue Analysis.

(2) The wizard-based GUI helps the user quickly set-up
and execute a simulation.

(3) A design engineer can use the tool without prior
knowledge of complicated CAE tools, such as

Hypermesh and Nastran.
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Development of Idling Stop System for PCX
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An idling-stop system that can be mounted on the
125-cm’ engine of the PCX scooter was developed
in order to enhance the environmental performance
of the PCX. The system was made to use an ACG
starter, which does not have a reduction mechanism
for use in starting, in order to realize quiet starts with
an impression of high quality. Cranking this engine
requires a large ACG starter, and mounting this starter
within the space given for attaching the ACG in the
125-cm’ engine became an issue. This issue was
addressed by reducing the engine cranking torque by
means of a decompression device and by adopting a
cranking method that makes use of inertial force. This
approach realized an ACG starter of a size that allows
mounting in the space for mounting the ACG in a
125-cm’ engine.
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Fig. 1 Appearance of PCX

Table 1 Major specifications of PCX
Items Specifications

Overall length (mm) 1915
Overall width (mm) 740
Overall height (mm) 1090
Wheelbase (mm) 1305
Vehicle mass (kg) 126 (Wet)
Engine displacement (cm?®) 124.9
Bore x Stroke (mm) 52.4 x57.9
Compression ratio 11
Fuel supply system PGM-FI
Maximum power (kW/rpm) 8.33/8000
Fuel economy (km/L) 459 *
Front tire size 90/90-14M/C 46P
Rear tire size 100/90-14M/C 57P

*In-house test value: EURO-3 control mode, with idling-stop system

PCX’s system ACG-starter

Fig. 2 Comparison of starter system parts
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Idling select switch
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amp

N
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Fig. 3 Configuration of idling-stop system for PCX

4. TARYL TR My TV RT LOEE

VI OREENIEE O 2 7 — 2 ORRE T L RIS X
H—bREVEMLUTHEE TS, ZORETIZEFHEIETE
TARYVYZ2BIZRY, RIZHMATET7A4AF) V72
by TEEITTEE- FIIBITTSEThTONS.

I VY VIREIR, Y 10 km/h DL, 2D KiES 60
CLUERIZhS72ZePmlichse 74 F) VT2 by
TEEITTDIE-PNIIBITTS. 20%, Zay LA
PACHE AR S h, FHRENR 3L ikt h s &
IV UNHBIRIZEILL, 74 FU YT by TIRE
LB, HEIMILEhIRETZ Ty PLABFEL &,
ACG 22— A ICk DTy Yy HEBE X W T RE &
&5(2).

5.PCXHB7A4 RYLTR My TYRF LD

51.ACG X4 —%

5.1.1. #&:&-146E

TREPREIL, Fig. 4 IR T & 512, HICR L2 ACG
AR—RETYVVYDI IV Y YT MCREL, 75
VoY 7 b EEERIT S e LTS AACG 2
A=A RFT7IRT—AFODCTIVLASHE-—ZTH
D, 754 FK4—=ILIEED R SPM (Surface Permanent
Magnet) # 4 7& LT\ 5. Fig. 512 ACG % % — & DfExE
BT



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

WiF ACG 24— 2 Cl3 v v HEHH~Z %o M &AL
T ZREFREIETS720ICFig. 6 IZRT XS I1I22F —
424 NDKR -V V21D, RERA~Y 1y
FOMNBEIZED 2TV 2y %7 FOMNMHERIIL TS,
T — SRR T SRR 2 2 O ER R
1252 2803 Fig. TISRTLARLTHY, ZhiFE—4
ML 2RISR A RIT X L NILTH 5.

Crankshaft

ACG-starter

Fig. 4 Layout and configuration of ACG-starter and
transmission
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Fig. 6 Layout of angle sensor
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Fig. 7 Influence on angle sensor (at motor drive)
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Fig. 10 Motor characteristics of ACG-starter
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6. TA KU by T IZE)EONLTHE
TARYV YT Z by TEMBHTEZEICKD, BREA L

F7.5%, COMRIRE 7.0% ORRAE S 7 (Table 2).

WlE € — Fix EURO3 M€ — F A& L 7= (Fig. 21).

Table 2  Effects of Idling-stop

Fuel
ooy | @)
Without idling-stop system 42.7 53.0
With idling-stop system 459 49.3
Effect 7.5% -7.0%

In-house test value: EURO-3 control mode
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Fig. 21 Measurement mode of EURO 3 control
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Development of Bicycle Simulator for Safety Riding Education
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= = ABSTRACT
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Lifelong Education of Traffic Safety necessitates
educating not only motorcycle and automobile drivers
but also giving traffic safety education to bicycle
users who may not have driving licenses. A “Bicycle
Simulator” was developed for teaching safe riding to
a wide age range, with effective functions to teach
traffic rules and manners and enhance the student’s
ability to predict risks.
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Fig. 8 Photo of “Rearview Monitor

Fig. 9 Photo of “Handle Switch”
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Fig. 12  Control flow of bicycle motion
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Fig. 13 Screen image of replay after riding

\

Fig. 14 Bicycle simulator in actual training
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Brain Machine Interface Technology Enabling Control of Machine by Human Thought Alone

(R = A 1T N NI & = SN IS I T

Tatsuya OKABE Kentaro YAMADA Masahiro KIMURA Akihiro TODA

(U v AT K H Ot o A e B

Masaaki SATO Okito YAMASHITA Yusuke TAKEDA Mitsuo KAWATO
=2 = ABSTRACT

B TR B R HE 5 & &> THAET 228, 2 DA
SR - A > 2 7 2 — 2 (BMD) | &3 5 bl
MWEFEHEZBRT TS, ThiZEEmEEE RS Z
LT, BADET TR AEE)»T Z &R L & 5 Bl T
bh5b.

Honda &, (#k) B R SGBAS SRESLAR A 72, (BR) =5t
BUERT & 302, BMI O 2 7 57 T & % il E & X
7L ) X L0MERAEE T, @2 D HEAWN T
FIHFTHEZe BMI OBHFEIZERII U 7z, BdEHIEEE & U, Hid
WET & ARG E 2 P LY 7L & A AT
REHIITE B 2T AEH ISR L2 72, BB
121X Sparse Logistic Regression &WMXN 2 Fika Hu,
BRTLT — A O S EE LT — 42 #H B L, &
HEICER AR TE 3V 2T 25T L 7.

INEOH U &> T, 4 POHEBA X -2 (HF-
KT @) LIS 29280 C, MARREKED 90% LU
LORETHEMAZZ 5720 T8I TZERIEELD,
BMI SEISHDE % AN Z & k7.

Recently, brain machine interface (BMI) technology
has gathered a lot of attention in regard to controlling
a machine without any physical devices. Although
this interface is often seen in science fiction, it is
becoming realistic due to dramatic progress in brain
and computer science. By directly connecting a
human’s brain with a machine, a machine can be
controlled by human thought alone.

Honda has challenged the development of this
BMI in collaboration with ATR and Shimadzu.
By developing a new brain measurement using
electroencephalography (EEG) and near-infrared
spectroscopy (NIRS) and applying sparse logistic
regression into BMI to detect a human’s intention
correctly, we successfully developed a highly accurate
interface of BMI.

To validate our BMI system, we used 4-motor
imagery task often used in BMI research. The
performance of our BMI is more than 90% accuracy.
This result is competitive against other BMI research
groups.
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RRETE S AL NE 3 (FMRI: functional Magnetic Resonance
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DO 7=b > R E PG T 2> TEEEC L2 AT A
%9 BPRONIGE T — & & 5B —UGEB BT A 5 HUG L,
ITNEMNTZILT, /—FaF-5—DLOMIEH
FapEfPLZ. Z LT, TORETRY PV
IZEBZET, aky bV FIZ 85% LL LD KEIE TR
GLRICEHE A ERZEITRIILE UL, HEREC
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Fig. 1 Images of our future lives using BMI
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using EEG and NIRS
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Fig. 4 EEG-NIRS synchronization system

Fig. 5 Brain activity measurement system for BMI
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Fig. 6 Image of classification (binary classification
shown as example)
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Fig. 7 Combination of EEG / NIRS results
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Fig. 8 Experimental protocol. ‘One run’ includes 28
trials.

(a) Rest (b) Task indication (c) Task (Image)
(Left hand)
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Fig. 11 Raw data of EEG (a) and NIRS (b)
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Fig. 12 Performance of our BMI system under 4
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Table 1  First actions of ASIMO in BMI experiment
Range of PyTotal Action and speech of ASIMO
PrTotal = 0.90 Speaks “Hai, kekka wo

uketorimashita. Machigai
nai to omoimasu”.

(Yes, | received the result.
| strongly believe that the
result is correct.)

Speaks “Hai, kekka wo
uketorimashita. Tabun,
atteiru to omoimasu”.

(Yes, | received the results.
Maybe, the result is
correct.)

0.90 > PyTotal = 0.70

0.70 > PyTotal Speaks “Hai, kekka wo
uketorimashita. Chotto
jishinga arimasenga”.

(Yes, | received the results. |
am not sure that the result

is correct.)

Table 2 Second actions of ASIMO in BMI experiments

Image by subject Action and speech of ASIMO

Right hand Raises a right hand. Speaks
“Migi-desu”
(right hand)

Left hand Raises a left hand. Speaks
“Hidari-desu”
(left hand)

Tongue Imitates eating. Speaks
“Shita-desu”
(tongue)

Foot Steps. Speaks “Ashi-desu”
(foot)

T4 91.6% OHIFIVERE 27 L7z, K% 82.1%, k&id
100.0% TH 5. ZOX 6D, HEREORFIZL LD
O, HEBIT LT AR L ERTOENED
BOME, SHRMETETIVRERH S, ks, 91.6% 13
WRRIFOFFIVERE & F T3 x 528, AU ikE—
UEH L2 &2k 5.
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5. BMI CHHI L 724 F- EF & Bl Lza~v v F
% ASIMO |ZfE#T% 5 Z & T, ASIMO i Table 1 15 LU
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System Modeling Technology for Powerplant Control Systems

ok =Ny L S T

Makoto MURAKAMI Kazunori NOMURA

/S N (3 %ORORE ZT

Takashi HISAKI Yasuhiko KASAHARA
7 = ABSTRACT

HE OIS 2 7 A5, REN E, BRESK, &
WREMWEZERT 5 72DICF 4 BMLL Tha T, F
FHIB OB AR 5 T\WD. ¥ 2T 4088, KH
B4 21 E, Vo avw ZRFED Liiat ORI 2 2 0
HBOITFRICE 2 2 HE P K E < FBBMERO K & i
ek oTnd., ZOREERRT 572012, -7 —
AL ) FREERRER Y — + (QFD ¥ — b :Quality
Function Deployment Sheet) % W THERfIH 2 35 Z 20y,
BRI & ¥ 2T L' TG T TH % Model Driven
System Engineering(MDSE) DR AH N A7z Total
Trial Sheet(TTS) &HWTERGHT& > 2T AFT NG
ek la5 2 LT, HREVIMERE TOARERE & LI
5FEEZERE LI

Developing automobile control systems requires
shortened development times even as it becomes
more complex each year to enhance fuel efficiency,
take environmental measures and meet high safety
standards. The more complex and large-scale a
system becomes, the greater the impact that upstream
design precision during V-process development has
on subsequent processes, and the greater the issue
becomes of shortening development time. To resolve
this issue, this research devised a technique that uses a
use-case scenario and a Quality Function Deployment
sheet (QFD sheet) to elicit requirements. In addition,
it uses a total trial sheet (TTS) incorporating elements
of Model Driven System Engineering (MDSE), a
requirements analysis and system model design
technique, to analyze requirements and design a system
model, thereby increasing specification completeness at
the start of development.
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Fig. 1 V-process development



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

EFIET - FO—FHMEF T THEL, FRELIRTOER & 1Ak
DA EZED T ZENEEELS.

SO EABHEORIE S 2 7 ABFEE, HHLT 5 Z 20
FHIX N, XFIEAMOMEY PnRashTHD,
FAFEHIHEX RS COARTERE % BT 5 720121, Bkl
BEUOOE Y 27 22 F LR EMERL B2 55 Tk
AT AN DH B,

2. AEORS WV

NI =T 5V b AT ARBICEWTE, FFEEL &
Bih L0 7SI A T — FISEnWE 2 A TRD
WBLTWE. ZHIZXK5TY 7 b 7 OBHFEII R L
I EA KL 2. 20— T, 20O &S Rk
WFEEHE DM, ORI, BEA DA S KLV SR
R B O, BREHEOHAHEARNEIZ 5D DD 5 T L
SHE(L LT 5.
SHOY 2T LDOKMEAIZN LT Lt & i L,
BIFEAIR A1 X5 7291213, VETu & 2% Lk
BT RS IC T, ZoRiil s KU the v 2T €T
AT EE IS EIEL, ZTOMEAE3IHICEDN BT
FFa AV ELTERTILAEETHS EE L, RO
REWVWEEDT.
FEORSWEERT S FERELT, TLOFEEEE
T5.
(1) =27 =2 FVABLTQFD v — b # WV 7=H
SRk

(2) MDSE O#HHZE A A7z TTS % 7z Bk &
VAT AT TH

T (1), (2)DBfR%E Fig. 2 ISR T

-
Requirements ;SSZ QFD
survey scenario e

Requirements || analysis sheet state quality TTS
analysis sheet transition sheet

Behavioj Parametri(j Extended | | Requirements

table

L

Block IJ Requirement

Requirements

. diagram diagram
modeling = &

Activity State
diagram | | machine

diagram
Specifications
design

Fig. 2 Development flow
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Inquiry work of scenario according to scene

Main actor: Compatibility check
Actors: Compatibility information, MIL, meter, ECM, TCM

Case 1:  Cycle of usual drive

Case1-1: A compatibility check transmits compatibility information to
other units, when it becomes Ignition-ON.

Case1-2: A compatibility check will perform a compatibility check if
compatibility information about other units is received.

Case1-3: The compatibility check compares the compatibility
information on other units with compatibility information on
the subject unit, and judges a compatibility error.

MIL; Malfunction indicator lamp
ECM; Engine control module
TCM; Transmission control module

Fig. 3 Use case scenario

Casel: Cycle of usual drive
<Extended scenario>

Case1-1: * *
Casel-e1: * *
Case1-2: A compatibility check will perform a compatibility check if

compatibility information about other units is received.
Casel1-e2:  When compatibility information about other units cannot be
acquired, a compatibility check judges a compatibility error,
and ends the compatibility check of this driving cycle.
sfe sfe sk sk sk sk sk ske sk sk sk ske sk skeskosk sk skokosk skok sk
s st s sk sk ke ke sk sk sk sk skeoskoskok skokosk sk ok skokok

Case1-3:
Case1-e3:

<Exception scenario>

Casel-ex1: After Ignition-ON, when compatibility check judged that
the power supply was shut off, And compatibility check will
perform a compatibility check again.

Fig. 4 Extension scenario and exception scenario
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A compatibility check transmits compatibility information to other units, when it becomes IG-ON.
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Fig. 10 Total trial sheet (behavioral constructs study)
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Fig. 13 State machine diagram
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Fig. 14 Block diagram
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Fig. 15 Parametric diagram
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«Requirement»
Compatibility information-setting method

ID = RQ3401

The compatibility information judges the
degree of effect in the case of a design
change and can set it in the Caribbean
and does it.

«Requirement»
Compatibility information save area

ID = RQ3501

The compatibility information sets it in
the area where renewal is possible.

Fig. 16 Requirement diagram
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Fig. 17  Activity diagram
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Development of Large-scale PIV Measurement Technique

B % oot et i A

Gensuke HOSHINO Takashi YOSHINO

= o BF SR F*

Yuichi FUKUCHI Minoru TERAMURA
2 = ABSTRACT

TRBIR & EERIIZH 5 212§ 5 FEOV DL LT,
Particle Image Velocimetry (PIV) 3% %. PIV I$W#IF DR
NGOHEE % % pi CIEEMICEHT 2 2 & 3 TE 5. Wi
EHEDLYDOWNIGIIREL AT - LOHRNEED H 5 7=
O, IJRVGEIKOGHINBETH 5. T D KD KB
NGt aE L 55 7 — 2 2 — )L PIV gHEIFEA % B
L 7.

ARl R 75 & 2 BAIC R LIS 2 82 HA L, £ D4
LGRS OBIR A S 22 L7, 72, A Ok
TORA (V=T 1 V7)) BRI K OZ=-IIZE 10§
DT ENURELY —T 4 vREE, REPEEIKRT 5T
AR Lz, Tho ORI 2EHA$T5 2L T1.7 m
X1m®D7 =Y AT =0 TR & 5l L 15 5
PIV AR TE 22, &7 AF v =V 7Y 2T 4 KU
BEHEY 7 by = T AT 5 Z & T, MERERET 2 Wi o
AHHlZTTREE Uz,

Particle Image Velocimetry (PIV) is one of the
techniques used to experimentally clarify fluid flow
phenomena. The advantage of PIV is the ability to
non-intrusively measure the instantaneous velocity
vectors of a flow field at multiple points. The flow
field around an actual vehicle has large-scale flow
structures, and requires a wide measurement area. A
large-scale PIV measurement technique was developed
that can measure this type of large-scale flow field.

An index capable of quantitatively evaluating the
quality of the measurement was introduced, and the
relationship between this index and the measurement
accuracy was clarified. In addition, a seeding device
that enables temporally and spatially uniform seeding
of particles to the flow field, and a method to decrease
laser light reflection were developed. Application of
these technologies realized PIV measurement capable
of evaluating an instantaneous velocity field over the
large scale of 1.7 m x 1 m. A scanning system and
integrated measurement software were also constructed,
enabling multi-section measurement in a short time.
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Fig. 4 Schematic view of laser light reflection from
fluorescent coated wall
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Fig. 6 Schematic diagram of experimental setup for
reflection intensity
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ABSTRACT

A process was developed for manufacturing
cylinder heads and other such aluminum alloy engine
components with hollow construction by means of
block-buildup brazing and a high-speed machining
technique. This approach does not use a mold as the
conventional sand-mold casting technique does, so it
was able to manufacture a high-precision cylinder head
for preliminary test purposes in a short period of time,
and so allow a rapid determination of specifications.
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Fig. 7 Special jig for 5-axis integrated mill turn center

Fig. 8 Special jig for 5-axis machining center
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In the area of diesel engines, the reduction of
soot and NOx emissions is demanded through the
achievement of increased combustion performance.
High expectations are placed on premixed charge
compression ignition (PCCI) combustion as a
combustion method that will achieve breakthrough
reductions in NOx and soot emissions. However, the
use of this combustion method is restricted to the low-
speed, low-load range because it becomes challenging
to realize an ignition delay and combustion noise
increases as the engine load increases.

The research discussed in this paper attempted to
expand the range of application of PCCI combustion
by increasing exhaust gas recirculation (EGR) cooling
performance and employing a low compression ratio.
The results of the research indicated that it was
possible to extend the application of PCCI combustion
to virtually the entire operating range employed in the
European NEDC and North American FTP75 modes.
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Table 1 Test engine specifications
Cylinder configuration In line 4
Bore x stroke (mm) 85 % 96.8
Displacement (cm?®) 2197
Compression ratio 17.2,16.2
Valve train DOHC 4 valves
Fuel injection system 180 MPa common rail
Nozzle type 7 holes 680 cm®/sec

Intake system

Turbocharged, inter-cooled

system

3.0 kW or 6.3 kW
at 2500 rpm 180 Nm

EGR cooling capacity

Cetane number: 44

Fuel properties Sulfur: 11.5 ppm
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Enhancement of Low-temperature Combustion in Flexible Fuel Vehicle (FFV) Engine

S bii
Susumu NAKAJIMA
7 =1 ABSTRACT
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A variety of vegetable oil-based alternative fuels
have been suggested in recent years with a view to
preventing global warming due to the CO, emitted by
internal combustion engines. One of those fuels is bio-
ethanol. Flexible fuel vehicles (FFV) that are able to
run on varieties ranging from 100% aqueous ethanol
(E100) to a 22% mixture of ethanol with gasoline (E22)
are in use in Brazil. Ethanol is a single-component
fuel that does not contain any low-boiling-point
components, and there are issues with combustion
at low temperatures. The optimum compression ratio
was selected to enhance the combustion of ethanol at
low temperatures. The flow was also raised and low-
temperature combustion was enhanced by operating
with one intake valve. In order to raise the commercial
product appeal when using E100 at low temperatures,
a new engine control was built exclusively for
the FFV. Through the use of these technologies, a
dedicated FFV engine was developed that achieves
a balance of commercial product appeal and power
output when using E100.
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Table 1 Fuel characteristics
Gasoline | Ethanol
Octane number RON/MON 93/81 110/92
Boiling point (°C) 25-200 78
Latent heat of evaporation (kJ/Air kg) 30.2 101
(MJ/Air kg) 2.95 2.99
Low calorific value (MJ/kg) 43.4 26.9
(MJ/L) 32 21.2
(Weight) 14.7 8.9
Theoretical air fuel ratio
ot | w1 [ e
Ratio of the number of moles of combustion
before and after 1.07 1.14
Specific gravity (kg/L) 0.737 0.789

Table 2 Engine specifications

Fuel Gasoline
Cylinder configuration | In-line 4-cylinder
Bore x stroke (mm) 81 % 87.3
Displacement (cm®) 1799
Compression ratio 10.5
Valve 2 intake valves
Valve diameter| In. 32
(mm) Ex. 26

3. BN I &/ — LIRS MR
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Table 2 1258k = v ¥ v DAk AR 7. Fig. 112 E100 &
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32.FFV I8\ 2 R4 Ednetd

FFV X E100 1 & 2 (K AaE) 28 K 7 7= 8, (RIRAAE)
HHO E22 Akl 2 v 2 LYY 2T 4B LTS,
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FERRAMEIRIE DB D WELGT 75, BRI =il IR D R} oD g
WHEERL TS, R E22 12K DEEIL, ZD%
E100 2] & 2 5. E22 12 & 5 #fin I m Enw 2 &
PLE UL, ZOA FFEV Cillfings K # 2 5051,
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Tw : -10°C
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Fig. 1  Characteristics of excess air ratio at low
temperature
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Fig. 2 Fuel used at starting and after start
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Table 3 Comparison of engine performance when
using gasoline and E100

Engine type Gasoline
Fuel Gasoline | E100
Bore x stroke (mm) 81 % 87.3
Displacement (cm?) 1799
Compression ratio 10.5
Valve 2 intake valves
Power 97.8 102
Max 165 173
Torque (Nm) - =600 rpm 147 151
Starting time (sec; Ta = 20 °C) 0.5 3.4
Ambient temperature limit (°C) -25°C 15°C
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Table 4 Test result at low ambient temperature

Engine type Gasoline FFV (optimized)
Compression ratio 10.5 11.5
Intake valve 2 intake valves 1 intake valve
Ignition timing (Fast idle at low Tw) MBT MBT + 5deg
Throttle opening angle (Engine start) Normal Close
Fuel E100 E100
Starting time (sec; Ta = 20 °C) 34 2.0
Ambient temperature limit (°C; at load change test) 15 -10
Table 5 Test result of engine performance
Engine type Gasoline FFV (optimized)
Fuel Gasoline| E100 | E22 | E100
Compression ratio 10.5 11.5
Valve train system Normal VTEC

Low engine speed

High engine speed

2 intake valves

1 intake valve

2 intake valves

Power (kW) 97.8 102 101 105
Torque (Nm) Max 165 173 171 177
2000 rpm 147 151 150 162
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Verification of Equivalent Indicated Mean Effective Pressure Measurement Method
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IR DR BEIRRE A B BOR§/87 x — 2 & LT, —
M XUREYIE 5T (Indicated mean effective pressure:
IMEP) AHWH 5. FEEL Y HIETF — 2 REWUR T X
b, FEf e SRR & A D FEHEEIEH E U C oMM L
Moy, ERBICKR T 2 00 VREIR AL i)
DOZEALEGHIIL, IMEP & HHEAMEO @Ol IMEP % €=
A5 5 TFhEMNS 2L T, SHORENEDNRIAD S

AWF7E I, FBIEEI ISR 555 2 EEAE kT
7 BRI 2 TR L, Fili IMEP /45 Tk
ERET L7 EEETHE B 259 &, BERIE» 5K 72
IMEP & 11t Y 45 53K 722l IMEP & DAHBIRENT
0.799 £ 572 F X =V T VT OBRELE L — |
DRI & - THBIRENE 0.990 12 L, IMEP & 2
IMEP QMM Z 1 X85 Z LN TE .

Indicated mean effective pressure (IMEP) is
generally used as a parameter directly expressing the
status of combustion in an internal combustion engine.
Issues of data stability, cost, and lifespan, among
others, have made the use of pressure transducers in
vehicle control applications challenging. The use of a
method in which changes in engine vibration and bolt
tightening force originating in the pressure diagram are
measured and used to monitor equivalent IMEP, which
has a strong correlation with IMEP, has potential for
the future.

The research discussed in this paper studied a
method in which signals originating in the pressure
diagram were measured using a piezoelectric ignition
plug washer-type force sensor and the results were
used in the calculation of equivalent IMEP. When
measurements were conducted in an actual engine, a
correlation coefficient of 0.799 was obtained between
IMEP, as determined from the pressure diagram, and
equivalent IMEP, as determined using the force sensor.
Alteration of the charge amplifier settings and the
setting of a computation gate increased the correlation
between equivalent IMEP and IMEP, raising the
correlation coefficient to 0.990.
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Fig. 3 Measurement system
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Table 1 Sensor sensitivity
Calibration pressure (kPa) Sensitivity (kPa/V)
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Table 2 Engine specifications and test conditions

Engine type Shibaura GEF30RE
Bore x Stroke 78 x 62 (mm)
Displacement 296 (cmd)

Compression ratio 7.4
Engine speed 1,800 (rpm)
Throttle 1/4 - 3/4

Ignition timing

BTDC 22 (deg)
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Prediction Method of Low-cycle Fatigue Breakdown in HSDI Diesel Cylinder Head
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This paper introduces a method of predicting low-
cycle fatigue breakdown that takes as its focus the
area around the glow plug hole of the diesel engine
cylinder head, where cracks frequently occur during
operating modes in which hot and cold cycles are
repeated. Because an understanding of the strain
amplitude and temperature of the areas in which
cracks originate is necessary in predicting fatigue
breakdown, strain analyses were conducted using
CAE, and at the same time a method of calculating
temperature from hardness measurements was used to
determine local temperatures. This made it possible
to study the local conditions of the cylinder head
combustion chamber, which had previously represented
a challenge. In addition, a hot-and-cold cycle
endurance test using a prototype engine demonstrated
the validity of predictions of low-cycle fatigue
breakdown using the new method. The project also
proposes the incorporation of the method in the design
process in order to employ it as a tool for the review
of specifications in new engine development.
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Fig. 3 Hot and cold cycle test mode 1
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Fig. 4 SEM image of broken-out section of crack
beside glow plug hole
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Table 1

Hot and cold cycle endurance test conditions and resulting cracks

Prototype engine A

O

Indicates location of crack
observed after test

Case No.

1

Occurrence of cracks

Intake valve

F-‘
e <
Exhaust valve
Engine load Full load Full load Full load Full load
Coolant temperature [°C] 96 97 80 82
Coolant flow rate Base Base +75% Base +26% Base +39%
Nozzle cone angle Base Base Base Base -3 deg
Temperature beside glow
plug hole [°C] 282 253 226 225
Temperature between 208 256 236 230

exhaust valve seats [°C]
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Fig. 5 Temperature distribution of combustion
chamber surface

ThH 27O HREIBICHEREFRE NS BDE. 20k
N, AERE S AMICER L 22BWEEZEIC XD, BREEE
IR F RO O T AR RET 2. ZOEMHO T A
2, Fu—F 3R LEDRNNLT Y — MO LS K

Wi R 23N S WERRT ISP U, W 4 2 MIZ K 288D

BLIZkD, OFAEREERENE LY 7 v 7 083%E

T5LELS.

L7225, frominhe LT, £3REMITICLD
WSR2 RKD, ThERICOT AN AL Z K -7z D
T(1)725 (5)IZFNEE7F (Fig. 6).

(1) ¥V v &~y FO Finite Element Method (FEM) €7
N EAER T % (Fig. 7).

(2)FEMEF LD Y+ — 22 ¥ 7y MEEEIZHL T,
Computational Fluid Dynamics (CED) fi#hf ¢ oK & 72 4
BEREVyEY L, BEIRSR M2 52 5. @y
LS —=1ZIZ VECTIS (3 Itk & 4 F 32 27
7 L) BN,

(3) BMEEAR B LT 2 ZDMMD T ) v &~y FRIIIK
LCRBEIRSRM 25T 5. ZORBIRSRMZ, £
EMTA 7 A b & [AERRSRED T, BE R & 0 kS
R 2 WE LR EAT 5 &5, HlE n#Hl
UCH A JUBMRERERET 5. BliR &1
&, WA E— Frho @il CGER IR, K (7
4 FILEE), ZRZFNICIR U TRET 5. ks, BEX
12 & BUERITE IS DWW T, WABEE OWRE A 23 T
AREA K SIS, ZRITHIET 2 Z L HTH 5.

— 143 —



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

( FEM model creation \
/ Thermal boundary condition setting \
Method Area

. -Water jacket surface
CFD analysis E’ort surface

-Combustion chamber
Manual setting | surface b

-Others

nce of
distribution
-gngine)

Thermal analysis

|

/ Strain analysis \

- J

Fig. 6 Flow diagram of strain analysis

[Model configuration]
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-Cylinder block
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Fig. 7 FEM model configuration
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[Examples of parameter adjustments]

[Validation of analysis accuracy]

In-port pulsation analysis

\ 4

In-cylinder flow analysis

Particle size

Start velocity of injection
Spray cone angle

Injection delay

Break-up model parameter

Evaporation model parameter

Mixing parameter

Auto-ignition parameter

\ 4

—} Spray analysis _> (e.g., spray penetration)

\ 4

Combustion analysis —> Heat release rate

Pressure

Temperature

Intake air volume

Swirl ratio

Spray development process

Mixture formation

Pressure

Combustion gas temperature

Procedure of setting thermal boundary conditions

by CFD combustion analysis

\ 4

Thermal analysis ’ Cylinder head temperature

(distribution)

Fig. 8 Procedure of CFD combustion analysis and examples of parameters and validation at each step
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Heat transfer coefficient 250

Temperature [°C]
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Fig. 10 Measured and calculated values of

Fig. 9 Combustion chamber thermal boundary
conditions (high-temperature state of

endurance test)

— 145 —

combustion chamber surface
temperature (high-temperature state of
endurance test)



Honda R&D Technical Review Vol.22 No.2 (October 2010)

"Glow plug hole
L

_1 ® 1 O Intake
r valve
seat

Temperature measuring point Strain measuring point
(with thermocouple) (with strain gauge)

© Measuring point

Fig. 11 Temperature and strain measuring points
beside glow plug hole
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Fig. 12 Measured and calculated strain amplitudes
and temperature beside glow plug hole
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Fig. 13  Strain amplitudes in hot and cold cycle
endurance test
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Fig. 14 Relationship between temperature and
hardness of combustion chamber surface
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(1) #RBRFFEMIE AC2B-T6'Y & Hv%. Table 2
FM OIS 2R, BALFES L, 500 °C T 4
R R, AKBEATLL 200 'C T 4 M O RERhALEE %
JiL T\ 5. ARERFZIRIEAME 7 mm, FE5E PEEE 12
mm DREFIRTH 5.
(2) 277 v 2 RAEGNE2TE L, BRIEICIEEREO 3 A
23, KIRIFICIEFIR D O T ARBD IR LA L 2 1%

Case No. 2
Crack occurrence Yes
Flat area temperature 253 °C

Edge temperature 278 °C

o]

Flat area temperature
measuring point
(with thermocouple)

[Hardness measuring position]

Hardness was measured along lines L1 and L2
from the edge as the origin.

(crack starting point to propagation area)
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Distance from edge [mm]

Fig. 15 Edge temperature calculation from measured
hardness

Table 2 Chemical compositions of AC2B alloy [wt%]

Si Cu Mg Zn Fe Mn Ni Al
6.3 3.2 | 017 | 0.01 | 0.13 | <0.01 | <0.01 |Balance

EOTADY A 2L (out-of-phase BUEFTH 1 7 )L)
ZARBRICAEG U, INAGRE A EET 5. O3 A
NI OFE 2 F, B O3 A2 RIRIET 0.6 22 5
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JERE NS & D, mEN & $ 5. g4 2
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#50% (B50)) #155.

(4) Mg A 20 Z LI FELREE O AdRIE 2 IS5 5.

(5) RELREY A 2 L O ESENERE 12T 3R
O AR A O AdRIE - WRE DT 717 ey b
L, YU v &Ny FREMOBIETTIRERR 2 E0 5.

Case No. 3 4
Crack occurrence Yes No
Nozzle cone angle Base Base -3 deg

Flat area temperature 226 °C 225°C
Edge temperature 255 °C 235°C
o
Flat area temperature
measuring point
(with thermocouple)

[Hardness measuring position]

Hardness was measured along lines L3 and L4
from the edge as the origin.

(crack starting point to propagation area)
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Fig. 16 Influence of nozzle cone angle on edge
temperature
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Fig. 17 Steps taken to obtain material fatigue limit diagram for heat cycle
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Table 3  Prototype engines A and B - changes in
specifications

Prototype engine A | Prototype engine B

Engine output Base Base +10%
Fuel injection timing Base Base +2 deg
advance
Valve skew angle Provided None
Coolant flow
direction in Longitudinal flow Cross flow

cylinder head

Coolant flow rate Base Base +17%

By 4 2 )L b O R IEEE 21 O AR TE 2 B 97 BRIE RIS 22
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Fig. 19  Strain amplitudes and temperature of
prototype engine B

4. KAFEERWD) 4Ny REET
T7O0t€XDRE

AFHEOFML Y D VG e ¥ 2 ORI AN & 42
%945 (Fig. 20). >V v &~y FBBERICRET 20T A
RGO K& 2R, Z DK & 7 2 BRI O R — i 5
ik, 730 TEGE & IR & B B E DT IR R B S 1,
VY VENy FOMmAIGRMBICERTS. 2hsik, YUV
Zy FOMAMEDOATEL, 2V o v H1EMG) LG
DRI EERITTRT TH S0, TV Y VHFED
VAR CIEE X B3 Z ENEE L, ZD7HIZidT Y
OV OHEREAEERE TIS Y A & Vg B 0Ol T3 4 B
DAN, Z7uybtua—F 4 VYL LTHHTSZ &N E
ns.

Fig. 205y FFa b a4y sy oyl
Iy VB 5 LAORMD R, # A MRERLEYLE#
DORBOIHERT A2 L 2HNE T2V ThHDE. %
DIz, ZOTY Y VZZTAEDHIZH - 72 RIKROE
RRFEILEMA TOIE T TH D, ZORFRPEEICIE
N LB AW DETE2DONLEE L,

TFoRIYIZIZ, Fig. 612/ L7z CAE I X 30T AT 7

| Development target |

Manufacturing N=1 -
i i Water jacket
rapid prototyping [« >
engine CFD analysis
: NZ2
v 2
Obtaining
v correlation function
Temperature temperature-hardness
distribution L
measurement
Edge temperature
estimation

A 4

>I Thermal analysis |

!

| Strain analysis |

Not
satisfied

Satisfied

Manufacturing
prototype engine

Not
satisfied

Endurance
evaluation

Satisfied

Fig. 20 Proposal of low-cycle fatigue evaluation in
design process

— 149 —



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

a0 —DOHZ Fig. 8 1278 L 7= CFD 12 & B BRBEMRNT % fHL AR
by BT, ZThiE#iI7Tax 2B Ah3Z &%
550, HERE TR CED ORI L MEER 7 LT F
NOFEREMALZE TS &, Z2IHET 3 T ub 2Ah5HE
FAPEICBERTWBEE L B,

5. &8

) VBN FIRBEE DY A 2 VIEITE T

MEIZHLD LA, LR ORER 4157

(1) 759 270fMAEZT Yy Y THD, OFTHIRNE, HE L
ZEEE OIS & 3L B B 728, R OIRGE %
BI2Z02 592 ORETHNIIANRTH 5.

(2)7a—=757F=LHD #MHHNLEL, OFT AR
g, WX ZNE N CAE 12X 5 0§ A+ X O
BRI X D Y AEAHO NS Z & EfERL -

(3) B AR DB 57 BR T 5 T 72 B 08 A ki &
DERE L B RS &, CAE B L UHIE LD
HonzO0$AERE-BEOREE 254452 &
2k, WEY A VLA T A MBS, v v 4
ANy RIRBER OARH A 27 U PE 57 i O RS B Tl
A UJREIZ L 7=,

(4) Bl Y VBRIZBNT, 1KY 4 2 IVEFBED T
HWFEkEs7aybo—-F4 v LTSI &
BDYEENIH, ATHEIT VO VB TER X 51
MO TRt 7o X ZIZHD ANhB Z L a7
fe& L7z,

SE X

(1) E%T, SAaEE, BHER: 7L I =y 2688
OB I FEVEREA, gL ZE i R&D L K 2 —,
Vol.31, No.2, p.73-84(1996)

(2) fpaIm = N RIS EE : B BRSO 72 D DR % &
WREEEYEL 2 Ny HTI L EHRIAE, p.86-93(2002)
(3) Eabe s, mEns, mivks, R, BB,
MR : > ) v &Ny F OB FRdar Tl e
Hethi 2 2 ihias s 2 A5, No.111-05, p.23-26(2005)

(4) ARHEE, SIFREKER, FENER R, BT, A%
ER, &THEW, BT —ELZ Y vDv)Y
YAy FEETIC & B ARSI T, BBl
ST S HIEE, No.90-08, p.19-22(2008)

(5) EEE M 1SO/DIS 6507-1:1995, Metallic
materials-Vickers hardness test-Part 1: Test method

(6) HAT MM JIS H 2211:1960, Sk 7L I =
LA e S

(7) HART RS JIS H 0001:1972, 7L I = 4, <
T3 ARER S OSE—ENR S

mE =N

= b FEP

b/

— 150 —



https://doi.org/10.69239/hondatechnicalreview.2010 22 2 22

A
af

ﬁ&*ﬁﬁi:t./’;;///

Ewﬁﬁﬁﬁﬁt

Lw DEERICS A 5E

Effects of Low-viscosity Engine Oil on Fuel Economy and Wear

Wl BT
Yosuke OKUYAMA
JUHOM &
Takeshi HATTA

P ok T nm-m g §@°
Daichi SHIMOKOJI Syouji KAWAUCHI
Ao HE wT

Masashi MARUYAMA

2 B

Iy VI k3 EMENR LA HKE L, SAE RE
BRI 5bh s Z e u<, KRS 72 6 TIRE R
EX VY VBRI OOTRET L 2. AREI RO Tl
LT, gy Y vilERG, 7V 2v a3 v Aok
HWETZZET, FREPHLZ. ZOME, v Vil
DEMEILIZERE IS L, BETHHZ L hbhr o7,

IV UEEEIZ OV, RRE T Y Y VIMOR KD
HETDH B EIFO Lw D BIEFEND BN £ ERA L 72
%%%&&LfcmEﬁﬁalyy/mﬁﬂﬁ%imb

. TORE, BT Y YU VI W T, SAE KB
UTUD{EV*MQI VIO VHEHWTY, SO Lw S 8
DI EEFED BT A Rl 7z

¥ 72, SAEMEHBL FTOWL Oh Ok v v v
MAEREL 72, MEX Y U Vo MIRIE E SAE KB
E DB EEREL 7.

BT SAE KRS LU T OIR S = > ¥ i, — &
DEREVER QIR TX 5720, X6 & B{ICKEBIED
HlEnEhs.

ABSTRACT

The effects of lower engine oil viscosity on fuel
economy and engine reliability were investigated,
unhampered by the SAE viscosity standard, with the
aim of enhancing fuel economy. The fuel economy
effects were predicted by using low-viscosity engine
oil and measuring the friction torque. The results
showed that lowering the engine oil viscosity provides
favorable prospects for enhancing fuel economy.

Engine reliability was investigated by confirming
the effects on sliding wear at high temperature, which
is the greatest issue for low-viscosity engine oil.
These effects were confirmed through CAE analysis
and engine endurance tests. The results provided
prospects for wear resistance of sliding parts at high
temperature, even when using engine oil with a lower
viscosity than specified in the SAE viscosity standard
in the tested mass-production engine.

In addition, a number of prototype engine oils with
a lower viscosity than specified in the SAE viscosity
standard were created, and the property values and
positioning of these prototype engine oils relative to
the SAE viscosity standard were confirmed.

Engine oil with a lower viscosity than specified in
the current SAE viscosity standard can be expected to
further enhance fuel economy, so the establishment of
further low-viscosity standards is desired.
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Table 1 SAE viscosity standard
Viscosty grade CCS viscosity MRV viscosity K(|;1g(r)n a(t;;: (v;;gz;y v::;:rc%?ty
mPa-s °C mPa-s °C Min. Max. ((fgag))
ow 6200 -35 60000 -40 3.8
5W 6600 -30 60000 -35 3.8
Winter | T0W 7000 25| 60000 -30 4.1
grade 15W 7000 -20 60000 -25 5.6
20 W 9500 -15 60000 -20 5.6
25W 10000 -10 60000 -15 9.3
20 5.6 9.3 2.6
30 9.3 12.5 2.9
40 (OW,5W, 10 W) 12,5 16.3 2.9
40 (15 W, 20 W, 25 W) 12.5 16.3 3.7
50 16.3 21.9 3.7
60 21.9 26.1 3.7
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Table 2 Engine specifications (friction torque tests)

Engine L13

Number of cylinders and Inline 4

configuration

Valve train SOHC 4-valve, Roller follower
Displacement (cm3) 1,339

Bore x Stroke (mm) 73.0 x 80.0

Compression ratio 10.5
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Table 3 CAE and engine bench test oils
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Table 4 Engine bench test conditions

Engine L13

Engine speed High

Throttle Wide open
Engine oil temperature About 130 °C
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Table 5 Prototype engine oil formulation

Base oil Viscosity index improver Other additives

Gr. 1l PMA-1 Commercial additive pack
Gr. IV PMA-2 (GF-4)

Gr. V
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Prediction Technology of Output Power and Intake-Exhaust Noise Using 1D-Simulation for

Small-Displacement Motorcycles
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Using a 1D simulation that transforms the 3D
shape of intake-exhaust systems into one dimension
and calculates the thermodynamics and fluid
gas dynamics of internal combustion engines, a
prediction technology of the output power and intake-
exhaust noise for small-displacement single-cylinder
motorcycles was established. Output power can be
calculated accurately for various engines with different
displacements and cooling systems by adjusting the
boundary conditions in the calculation model. The
intake-exhaust noise can be calculated accurately by
clarifying some important points for accuracy when
transforming the 3D shapes of the intake-exhaust
system into the 1D model and by reflecting them
in the calculation model. As for mufflers that have
complicated internal structures, the calculation of
exhaust noise cannot be made with sufficient accuracy
because 1D simulation does not calculate spatial flow
behavior. But, enhancement of accuracy is expected
using a 1D-3D coupled simulation.
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Fig. 2 Intake duct of test motorcycle (C)

Table 1  Specification of motorcycles used for verification
Test motorcycles A B C
Engine type singl-eStcrglli(r?der singl-:tcl:slli(r?der singl-eStégll?r?der
Cooling system Air-cooled Water-cooled Air-cooled
Displacement (cm?®) 150 125 110
Valve layout IN: 1/EX: 1 IN: 1/EX: 1 IN: 1/EX: 1
Ignition type Spark ignition Spark ignition Spark ignition
Air cleaner volume (L) 2.6 3.7 23
Muffler volume (L) 4.7 3.6 2.2
Muffler structure 3-pass 3-pass 3-pass
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Fig. 4 Comparison of measured and calculated output power and torque
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Table 2 Measurement and calculation conditions of
intake-exhaust noise

Load condition Full load

Operation condition Steady state

Throttle condition Wide-open throttle

At Max. sound pressure level

Measured engine speed in pass-by noise measurement

Inside intake duct (Intake noise)

Near tail pipe opening
(Exhaust noise)

Frequency analysis

Measurement position

Analysis method

Frequency range 0-500 Hz
Frequency resolution 4 Hz
Window function Hanning
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Study of Upshift Control Method by Estimation of Acceleration Waveform

B M EKET il "
Shintaro KAMEDA Yasushi INAGAWA
C:3 =1 ABSTRACT
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Control that corrects the torque output deviation
of shift clutches is required to suppress the shift-
shock produced when automatic transmissions up-shift,
and enhance product quality. Control technology was
developed that serves this purpose by estimating and
evaluating the vehicle acceleration waveform generated
when shifting, from the variation in output shaft
rotations, and then detecting the output deviation of
clutch torque and performing learning correction based
on that acceleration waveform.
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Nomenclature

T,, : Input torque [Nm]

T, : Opening side clutch torque capacity [Nm]
Tc,, : Conclusion side clutch torque [Nm]

T,, : Output shaft torque [Nm]

i,r: Opening side gear ratio [-]

i,, : Conclusion side gear ratio [-]

i, : Final reduction gear ratio [-]

ks 2 7 9 F Lo 8, BEMO 2 7 5 F Ly
WD TR (3)DBRELZ L, 45— vHLFA
3 5.

Tcon>(Tof+Tin) (3)
4 F =¥ HTO b RERITZX (4), (5B)&k%b.
Tin:Tcon_TCof'i_Jin'd)in (4)

Nomenclature
Tc,;: Opening side clutch torque [Nm]
J,, - Input shaft inertia [kg'm’]

@, : Input shaft angular acceleration [rad/s’]

ToutZ(Tcon'ion_TcOf'iOf)'l..f (5)

22T, AF = v MHBELIRIZBRRA 2 5 » 5 b Lo B
0ThsL45E, X (6)

Tout:Tcon'ion'if (6)
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Fig. 1  Concept of reducing fluctuation of longitudinal
acceleration during inertia phase
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Tout:Trl+Jv’d)v (7)

ZZTHIEN N L RS R AR EB LD L,

Tout:Trl+Jv'd)v (8)

Tout_fout:Jv'(a)v_a)v) (9)
KX (6) &0,

Tc,, — icon =J,- (a)v - a)v) (10)

J;):Jv/(ion'ij) (11)
LEB5DT,

ATCO}’I :J;} . Aa)v (12)
LA,

Nomenclature

T,;: Road load torque [Nm]
J, : Vehicle inertia [kg'm’]

@, : Output shaft angular acceleration [rad/s’]
f’ou, : Target output torque [Nm]

cf)v : Target output angular acceleration [rad/s’]

T ¢, - Target clutch output torque [Nm]

ATc,, : Output deviation of clutch torque [Nm]

on

A®, : Deviation of output angular acceleration [rad/s’]
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Fig. 2 Relation between output shaft torque and
output angular acceleration deviation
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Fuel-Efficient and Low-Noise Steering Systems
In Large and Heavy Vehicles using Variable
Displacement Pump Technology

Jinghong YU* Jon HASKELL"

ABSTRACT

A variable displacement pump (VDP) is a fuel-efficient and cost-effective technology that has been applied
to steering systems in small- and medium-sized vehicles. However, it is a challenge to apply this technology to
large and heavy vehicles due to marketability concerns. This study tested VDP technology in a large light truck
and strived to achieve a well-balanced and high-performance steering system with regard to noise, fuel economy,
and dynamic performance. Steering noise was analyzed in terms of both the source noise characteristics of the
VDP and the noise attenuation characteristics of the steering system. Significant noise reduction was achieved by
redesigning the VDP in its number of vanes, structure stiffness, internal component clearances, and rotor position
with improved flow ripple characteristics; and by optimizing the steering system’s attenuation characteristics using
a design of hose-tuning cable devices with optimal pulsation transmission loss characteristics. To ensure gains in
fuel economy, a new design specification was developed to control the pump’s power consumption by limiting
the input torque at various pump speeds. Steering dynamic performance and feel were improved by enhancing
the pump’s design to provide an adequate flow rate under high pressures while maintaining flow rate and torque
characteristics under low pressures. As a result of the study, VDP technology was successfully applied to 2011
model year Odyssey.

1. Introduction

The automotive industry continues to face a
number of business environment challenges, including
a weakened global economy and severe energy crises.
For automotive manufacturers and their customers, the
demand for cost-effective technologies to improve fuel
economy continues to increase. Electric power steering

Additionally, due to the unbalanced mechanism of its
unique design (see Fig. 1), a VDP inherently produces
a higher level of noise than a conventional constant
displacement pump (CDP)"> . The VDP’s output
flow rate and relief pressure must be sufficient to
achieve good vehicle dynamic performance; however,
its displacement must be minimized to limit energy
consumption and improve fuel economy.

(EPS) technology is a fuel efficient steering technology

that is increasingly used in small- and medium-

sized vehicles; however, its high cost and capacity Inlet |

limitations are barriers for use in heavy vehicles. In contprg??/s;ll\;g

contrast, using VDP technology in small and medium- Floating cam-fing

sized vehicles has proven gains in fuel economy, with E] Rotor

a higher benefit-to-cost ratio versus EPS. Until EPS

technology becomes economically feasible to use in O ~

large and heavy vehicles, there is an opportunity to e 7 © &

use VDP technology. @ O ﬂ
The technical challenges in applying VDP

technology to heavy and large vehicles stem from the < (o)

difficulties in achieving marketability, fuel economy,

and vehicle performance. Due to the increased steering

load, heavier vehicles demand larger displacement and =

higher relief pressures from power steering pumps High pressure / @

than do smaller vehicles. The increase of displacement

and pressure potentially cause a higher level of system

noise, which can negatively affect marketability. Fig. 1

* HONDA R&D AMERICAS, INC.

Low pressure

— Outlet

Vanes
)

Structure of variable displacement pump
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Extensive investigation was conducted to achieve
a balance between steering noise performance,
fuel consumption reduction, and vehicle steering
performance when VDP technology is integrated
into a large light truck. First, the source noise
characteristics of the VDP and the noise attenuation
characteristics of the steering system were analyzed
by using the concepts of source flow ripple and
pulsation transmission loss, and design measures were
proposed to improve the noise source and attenuation
characteristics. Second, to ensure benefits in fuel
economy, a new design specification was proposed
to control the VDP’s power consumption by limiting
the input torque at critical pump speeds. Finally,
achieving good vehicle dynamic performance requires
a high flow rate in the VDP, but this directly conflicts
with noise and fuel economy requirements; therefore,
appropriate flow rate characteristics were determined.
This paper summarizes the achievements in steering
noise reduction, fuel economy benefits, and vehicle
steering performance.

2. Marketability Improvement

2.1. Problem Identification

A vehicle operational study was conducted to
identify possible noise concern areas in a large light
truck equipped with a VDP. An initial prototype of
a variable displacement pump, VDPI1, was used to
compare with a constant displacement pump, CDPO,
currently used in mass production. Both pumps are
similar in displacement and relief pressure, but the

Without steering input
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10 dB ‘harmonic  iharmonic  harmonic

Sound dB (A)

0 100 200 300 400 500 600
Frequency (Hz)

With steering input

‘st i2nd :3rd
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ol I I I SO S Requirement line_
m
©
e)
C
]
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0]

" ! L 4 " : L M

0 100 200 300 400 500 600

Frequency (Hz)

(a) When CDPO is used

vane pump design for CDPO has 10 vanes while
VDP1 has 9. Noise performance is mainly evaluated
under four vehicle conditions: (1) idle engine speed
and no steering input, (2) idle engine speed and
continuous steering input, (3) engine speed sweep
and with/without steering input, and (4) idle engine
speed and steering held at rack end. Figure 2 shows a
sample comparison of the cabin sound pressure spectra
when the vehicle is equipped with CDPO and VDPI1
separately, and includes a basic requirement line
(maximum allowable level) for the noise contributed
by the steering pump.
The operational study revealed the following four
major noise concern areas:
(1) Without steering input, VDP1 induces higher levels at
the 1" and 2™ harmonic frequencies than CDPO.
(2) With steering input, VDP1 causes a much higher 2™
harmonic order than CDPO.
(3) The 1* harmonic frequency of VDP1 is coincidently in
line with one of the engine accessory frequencies.
(4) During engine speed sweep mode, VDP1 generates
much higher noise at the 2" harmonic frequency than
CDPO.

2.2. Source Noise Characteristics

In a hydraulic power steering system, the source
flow ripple generated by the steering pump interacts
with the connected hose, pipes, and steering gearbox
to generate pressure pulsations and excite airborne
noise and mechanical vibrations. For a given
pump structure and type of fluid, the source flow
ripple is the key parameter representing the source
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Fig. 2 Comparison of cabin noise spectra of test vehicle equipped with different pumps at engine idle speed
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noise potential of the pump. The source flow ripple
characteristics are evaluated through established
measurement methods and systems®” .

Figure 3 shows a comparison of harmonic spectra
of measured source flow ripple of different pumps under
two test conditions, where the first condition represents
a vehicle condition at idle engine speed and without
steering input, and the second represents a vehicle
condition at low engine speed and with steering input.
It is shown that compared with CDPO, VDP1 generates
much higher levels of source flow ripple for the 1¥ and
2" harmonic orders under both test conditions. This
corresponds to the vehicle noise problems identified
during the vehicle operational study.

To improve the source flow ripple characteristics,
a proposed design (VDP2) was made that changed
the following areas: the number of vanes (9 to 11),
structure stiffness, the clearance among the internal
components, and the position of the rotor. As shown
in Fig. 3, compared to VDP1, VDP2 generates a
significantly lower level of the 1° harmonic flow
ripple and yields considerable reductions at the 2™
and 3™ harmonics under the 930 rpm and 5 MPa
test conditions. Increasing the number of vanes from
9 to 11 also helps separate the pump’s harmonic
frequencies from the engine accessory frequencies.

2.3. System Pulsation Attenuation Characteristics
Noise reduction was further achieved by optimizing
steering system attenuation characteristics. Typically,
hose-tuning cable devices are used to attenuate the
pressure pulsations and minimize the resultant audible

vCDPO mVDP1 mVDP2

Amplitude of
source flow ripple

Harmonic order

(a) 780 rpm and 1 MPa

noise in steering systems. Figure 4 illustrates the
mechanism and the corresponding quarter-wavelength
side-branch resonator model of such a device. Within
the side-branch resonator, standing waves of pressure
and flow pulsations are excited at the fundamental
resonant frequency of the quarter-wavelength and at its
odd number harmonic frequencies. For such standing
waves, since the pressure pulsation becomes zero at
the outlet of the side-branch, the pressure pulsation is
attenuated at those frequencies.

The pulsation attenuation characteristics of a hose-
tuning cable can be evaluated through a pulsation
transmission loss (PTL) value. It can be determined
either through experimental methods™” ® or through

theoretical prediction based on analytical models of
™. ®

flexible hoses . Figure 5 shows examples of PTL
-------- Hose only
——Long hose & long tuning cable

1048 =+ Short hose & short tuning cable

Pulsation transmission loss

0 0.2 0.4 0.6 0.8 1.0
Frequency (kHz)

Fig. 5 Examples of measured pulsation transmission
losses of different hose-tuning cable systems

fACDPO mVDP1 mVDP2

Amplitude of
source flow ripple

Harmonic order

(b) 930 rpm and 5 MPa

Fig. 3 Comparison of measured source flow ripple spectra of different pumps
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Fig. 4 Pulsation attenuation mechanism used in hydraulic power steering system
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Fig. 6 Comparison of cabin steering noise harmonic spectra when different pumps are used

measurement results and how it can be tuned to target
different frequencies.

In this study, two hose-tuning cable devices were
combined. The design was optimized to provide
a maximum PTL value targeting primarily at the
2" harmonic order and secondly at the 1* and 3™
harmonic orders of the pump at engine idle speed.

2.4. Noise Performance

Steering noise performance of the vehicle equipped
with VDP2 and optimal hose design was confirmed
under various driving conditions. Figure 6 shows
the measured cabin noise harmonic spectra at engine

OK zone

9]
9 VDP2
-(T: 1 (with optimal hose) ’
a
[
g CDPO
@
o |
c
<) VDP1
c
[
]
o
c
o 4
X
@)
@
o
NG zone

Normal steering — better

Fig. 7 Subjective evaluation results for vehicle
equipped with different pumps

A Flow rate
/ Energy loss

Tuned flow rate

» RPM

(a) Constant displacement pump

idle speed with and without steering input conditions.
The final setting has achieved overall levels similar
to or slightly better than CDPO, and the noise levels
are within the requirement line (i.e., the maximum
allowable line) within substantial margins.

Using a 10-point rating system, with 1 representing
extremely poor performance and 10 being excellent
performance, the noise was subjectively evaluated
under both normal and extreme steering usage modes,
such as the steering wheel held at rack end during
engine sweeping. Figure 7 illustrates that VDP2
with optimal hose design has achieved the noise
performance slightly better than CDPO for both normal
steering and extreme steering conditions.

3. Gains in Fuel Economy

3.1. Mechanism of Lower Fuel Consumption

The VDP’s unique flow-speed characteristics yield
improvements in fuel economy. A typical constant
displacement pump (CDP) has a fixed displacement
that produces a flow rate almost linear to pump
speed. Conversely, the VDP has a floating cam-ring
mechanism (Fig. 1) so that the cam-ring’s position can
be regulated with pump speed. When the pump speed
reaches a preset rpm, the cam-ring is repositioned
toward the rotational center of the pump shaft, thereby
reducing the flow rate.

As shown in Fig. 8, the pumped flow rate of a CDP
is usually much higher than what is needed for the flow
rate tuned for vehicle performance, while the pumped

A Flow rate
Energy loss

Pumped flow rate
-
P

Tuned flow rate

» RPM

(b) Variable displacement pump

Fig. 8 Conceptual flow rate-speed characteristics of CDP and VDP
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flow rate of a VDP can be much closer to the flow rate
curve needed. Consequently, the VDP has less internal
bypass flow and less energy loss than a CDP.

3.2. Specification for Controlling Power
Consumption

Since the operating torque of a VDP in relation
to operating speed (pulley RPM) is directly related to
power consumption, an operating torque specification
must be established to guarantee gains in fuel
economy.

Figure 9 illustrates how the maximum operating
torque is related to the fuel economy gain under
different driving modes. The gain is quantified as the
mileage difference between the test vehicle equipped
with VDP versus CDPO. It is clearly shown that the
fuel economy gain has a linear relationship to the
operating torque. Figure 10 shows a comparison
of the operating torque curves between CDPO and
VDP2. In a VDP, the maximum operating torque
occurs around the engine idle speed and reduces as
speed increases. In a CDP, the maximum operating
torque occurs at the same engine idle speed, but
remains roughly constant as speed increases. As
shown in Fig. 8, this corresponds to the different
flow rate characteristics between variable and constant
displacement pumps.
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Fig. 9 Fuel economy benefits in relationship to
pump’s maximum operating torque
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Fig. 10 Comparison of operating torque curves

between VDP2 and CDPO

A new specification to control the VDP’s operating
torques was established so that the operating torque
curve is constrained by a boundary curve (Fig. 11) for
maximum allowable torque. During typical customer
usage, operating the vehicle with steering inputs is a
small portion of total usage; therefore, the operating
torque specification focuses on the lower operation
pressure condition of the VDP.

In this specification, three different pump speeds
are used to define the boundary curve. The first point
is set at the engine idle speed at which the VDP is
near its maximum flow output and thus its maximum
operating torque. This point is very important to
control since it reflects the engine speed conditions
in a typical city driving mode. The second point is
set at the average engine speed for highway cruising.
The last point is set at a high pump speed to capture
driving conditions during accelerated engine speeds. It
was confirmed that VDP2 meets the requirements of
this new specification.

A

Unacceptable area

Torque
boundry curve

Pump operating torque

Acceptable area

v

Pump rotational speed

Fig. 11 VDP torque control specification

4. Vehicle Steering Performance

4.1. High Steering Rate Catch-up Performance

Many areas of vehicle dynamic performance are
affected by the characteristics of the power steering
pump, such as flow rate and pressure characteristics.
The design of VDP2 was confirmed to yield satisfying
results in these performance areas. As two examples,
high steering rate catch-up performance and steering
feeling performance are described herein.

High steering rate catch-up performance (also
referred to as “catch-up”) is described as the effort
in turning a steering wheel at a high steering angular
rate. The steering angular rate can reach a critical
point, called the “maximum assisted steering rate,”
at which the fluid entering the rack cylinder is not
supplied fast enough to provide full power steering
assist. As shown in Fig. 12, beyond the maximum
assisted steering rate, the steering effort increases
at a significantly greater ratio, called the “catch-up
effort ratio,” compared to the steering angular rate.
Therefore, better catch-up performance requires a
higher maximum assisted steering rate and a lower
catch-up effort ratio.

— 177 —



Honda R&D Technical Review

Vol.22 No.2 (October 2010)

To achieve satisfying vehicle catch-up performance,
the design of VDP2 was enhanced to provide an
adequate flow rate under high pressures while
maintaining the flow rate and torque characteristics
under low pressures. Various tolerances of the internal
components of the pump were carefully designed to
reduce internal fluid leakage under high pressures.
Additionally, the design of the steering gearbox was
also refined to minimize the fluid leakage inside the
gearbox. As shown in Fig. 12, the final enhanced
system with VDP2 provides much better catch-up
performance.

4.2. Steering Feel

Steering feel is another important vehicle
performance area for VDP use in large and heavy
vehicles. At lower speeds, the steering effort should
feel light and easy to operate, while at higher speeds,
the steering effort should feel solid and secure.

To achieve these steering feel characteristics,
VDP2 is designed with a drooping flow rate, that is,
the flow rate decreases as the pump speed increases.
Consequently, sufficient power assisting force is
provided for parking and low-speed maneuvers and less
force at high speeds or highway cruising. In addition,
the drooping flow rate also has a fuel economy benefit
because as less fluid is being pumped with increasing
pulley speeds, the power consumption is less.

This study confirmed that the vehicle steering
effort characteristics with VDP2 and CDPO are very
similar. With VDP2, the test vehicle achieved a nimble
steering feel at low speeds and a secure and natural
steering feel at high speeds.

A
/
Initial 7
5 / ~
=
(0]
(o]
£
@
2
n
Better >
Maximum assisted steering rate R
Steering wheel turning rate
Fig. 12 High steering rate catch-up performance

5. Conclusion

A systematic investigation has been conducted to
integrate VDP technology in a large light truck and
achieve a well-balanced system with regard to steering
noise, fuel economy, and steering performance. The
steering noise has been analyzed in terms of both
the source noise characteristics of the VDP and the
noise attenuation characteristics of the steering system.
Design measures were proposed and significant noise

reduction was achieved. To ensure sufficient fuel
economy gains with the VDP, a new specification to
control the input torque characteristics of the pump
has been developed. Finally, high steering dynamic
performance has been achieved by the appropriate
setting of the pump’s flow rate characteristics.

This research proves that VDP technology can
be applied to large and heavy vehicles to obtain
both good fuel economy and a high level of
steering performance. As a result of the study, VDP
technology has been successfully applied to 2011
model year Odyssey.
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Low-temperature active catalysts that oxidate
CO at low temperatures and use the reaction heat
produced to convert HC and NOx are available as
technologies to respond to the reduction of exhaust
gas temperatures as a result of the achievement of
increased fuel efficiency. Pd/CeO, catalysts, in which
a palladium catalyst is supported on a cerium oxide
carrier, represent one of these technologies. The
mechanism of supply and resupply of active oxygen
by the cerium oxide carrier was focused on and an
analysis was conducted in order to increase the low-
temperature activity of these catalysts. This study
resulted in the determination of a mechanism of low-
temperature CO oxidation able to accelerate the CO
oxidation reaction from low temperatures by means
of the achievement of supply of active oxygen from
low temperatures through the use of highly dispersed
palladium particles, and the achievement of rapid and
high-volume resupply of active oxygen through the
coexistence of H,O and O,.
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Fig. 10 Mechanism scheme of low temperature CO oxidation
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Microstructure and Mechanical Properties
of Heat-resistant Mg-Zn-Y Cast Alloys with Addition of Fourth Elements

X K #H —F G S S | n & x %
Yuichi IENAGA Kenshi INOUE Mitsumoto KAWAI
7 =1 ABSTRACT

MEER M S o E 2 Hy, SRENE~ 72>y a6
EOPEM DN % I Z 75 - 7=, RJEHHMEERHERH (long-
period stacking ordered structure: LPSO fH) Z 55 7=
MggsZn,Y, (at.%) A4 BIUICEHE &2 D L ik Hl 3 2 Z
ETRMIELE X 5 7=, MR ML E H L7z Ze BN
T, mHEEORR S GGkt E 10 pm BE LT
52E7T, 200 CULEOERETHHAT LI =Y 2588
RIELLEDFE, W a5 2N TE 250 CT
DERBEIIE R b VISR DN EERET LI =T 44
4 A4032-T6 DK 2 f5& 78 5 223 MPa # R L7z, F
72, LPSO HORE R x L ¥ -0 LIFHL, B
JREEGHRTHEE Lz Ag DIRNNZ XD LPSO &k L 7=
MHEEKEE D Z LT, W TZ ORI %% 60 %
MEXHEBZZENTE

Extruded Mg-Zn-Y alloys with long-period
stacking ordered (LPSO) structures are known to
display increased strength at high temperatures, and
are therefore useful in achieving weight savings in
automotive components. Seeking to realize these
attractive properties in cast components, the project
discussed in this paper focused on controlling the
microstructure of MgyZn,Y, (at.%) cast alloy by
the addition of a fourth element. First, the effects
of refining the crystal grains through the addition
of zirconium and modification of the cooling
rate on microstructure and mechanical properties
were investigated. With the addition of Zr and the
achievement of a high rate of cooling, the resulting
MgysZn,Y,Zr,, cast alloy displayed fine equiaxed
grains (approx.10 um in diameter) and excellent
tensile and fatigue properties, equivalent to or greater
than those of commercial aluminum alloys at high
temperatures above 200 “C. At 250 °C, this alloy
exhibited a tensile strength of 223 MPa, approximately
twice that of the A4032-T6 alloy used for automotive
pistons. The project also focused on strengthening
LPSO structures by means of stacking fault energy
(SFE), and used a first principle calculation to select a
further element for addition to the alloy. The addition
of Ag increased yield strength by 60 percent.

1. %5

VA LGSR FEREEMR T, &G ERESMRT
»HBZEnoHBEOHRES, BREBENOTT A T
ENTW5. ZOh T REWRENEE (LPSO)MAEHRT
% Mg-Zn-Y SA&&3, M5 U, MO MRS %
15 2 LT, ZOMEREIEERS G0 E LA LT3
ZEBRISNTNS Y D 2 s 3 N TR, R
BB T 55102 X BTN DI T AR L £ 25, HE)
HEQOTY D VBB TE=T7 Xy MREARETELD
* SEREDNAISE & 2 & —
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2. RFEREDRETFE

Mg-Zn-Y RAS MU, MEINLAES Z & Tt
MTILIZT LG MAZBREREE2G5 20T
x5 BEFRMEOLA R A, WO
AL, Bor, RSOk oAb 12 & B R b A 2 DK T &
5. —Ji, $iEDOATIIMLETS % LPSO fHE ik
BUMEPHKIEL, v 732 v AH5EMRM L XL DR
EL2 R Thgn.

Z ZC LB ER DS 5, $hE Ty @il Ezh
2 aR AL LM EICEH L THEREED
7z REERIA LR~ 7 2 v ADEG, STV =
U L%, OERBIZIAN, WEA RIS 5% 5 IR
WIsE <, A TS TREBBEAEROIERE LT
M Ehs Zr 28009 5 Z & THREER O BAIE % X >
7o T EORFIC ST T % LPSO M & ftho A 1tdE
OWHILE TE L LEZA LGNS, S HITMHME 250
5 Z & THRESRITOIAL 2 (23 C %, Moo R D LT R
BT 2MLAMHOMKILINE G CE 5 LE 42, ZDwE
HfERR L 72,

WIS, KR035 LHTH 5 LPSO H %5k
TAHHEICKIDHE a0 EAH Y, B HAE R AR
W2 LPSO HOMERG 4K 2 h -7 MBET) v
DO H UL, LPSO HOKE AR 2 & Fifd K& L
7z. LPSO fi &b & & 2 72354, ZoOREXRET 1L
¥ bR 2HICKIOMomH E2XHREENS.
Nnid, LPSOMHMPBRMHTH % o -Mg EBETH 5720,
REAH & DR KRBT %)L X — ZE 03l O BB [REEE 12 75 %
EDEZFITHEDINTNWS. 22T, WMBETLAD
TLREFEMRT 2HIZED, BERMT 2L X —20E ET
% (LPSO &L %) LKA HEEMNEBRIZE D
B —JFHBIEIS Y 7 b VASP (Vienna ab-initio simulation
package) ZHWTE AL 2z, BHEASR2 5, Ag 2MEHTC
KELTHENMBL, Ag 2WNITHEE LTHERE B Z
57,
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Fig. 1 Step-shaped copper mold and sampling points

Table 1 Chemical composition of Mg alloys used in
this study (at. %)

Alloy Zn Y Zr Ag Mg
MggsZn,Y, 211 | 2.06 — — Bal.
Mggs 8ZnyYoZrg, | 1.86 | 1.81 | 0.21 — Bal.
MgosZnaY2Ags | 231 [ 2.02 | - | 2.96 | Bal

3. EBRAE

KEBETEMHAMEL T MgywZn,Y, &4,
Mggs sZn, Y, Z 1o, B8 L U MggsZn,Y,Ag, A% 72,
Ar 7 ZFFH S C RIS R TRV Y R &l
WL, JIS H 5203 SHUEAER - #RHU RS W in <A A 2 P
18 mm X/H & 25 mm XE & 160 mm OHFEIAI KA
G Uz AU AT R & Table 1187, 724
HRE OB AT T 5729, IE50 mm THE X% 2 mm,
4 mm, 8 mm &% Z 7z Fig. 1 128§ REECIRSH$HE A Fuv ¢
MgossZin, Yo Zro, BB H R L 72, $tith ORI BA X
#IAr (X-ray diffraction:XRD) Tl L, #lfkiZELRS
T-BHE (Scanning electron microscope: SEM) %2 CHERE
U7z, & SISHE AR & GF 3 2 728, #7077 1 BGELIRlT
(Electron back scanning diffraction: EBSD) 2 X 5 fiithh %
117z,

FEMGRY PR 5 [5RakBR, 5 IRIEME 97 akER, 2 ) — 73
B, 0y 2oy 2 VBB KUY v L B — iR BRI T
B U 72, 51RAERFTIE, R A PATEREE ¢ 6.35 mm, £
SFEIFEAE 25.4 mm O ASTM E8 BEHERER IR, REERIRAY
AT OIE X 2 mm, T84 mm, FEREEEE 4 mm O
INRBE T IR & V72 BIREBRIE, 5 X 107 /s,
B 25 - 300 C DSRMTITYV, BEITalERIE, ISR
= — 1, 1E3%0% 20 - 40 Hz, #03E L EdRA 10" HlH L UK
B 200 C D&M EERtvhalBR R IR & -l Tt -
7z. 20 — 7B 200 °C X 90 MPa iZ Ty, il X GhER
FJIS Z 2245 CHIL, vy Z Y 2L B 27—, AkBR
71980 N Tir o7z, ¥ v L B —fli%EaRERI3 JIS Z 2242 12
HIL, V7 v FIBIRTEERICS T - 72, BMEEIZ JIS R
161112k 2L —%—7 7 v vk BWRHAEEIZIIS R
1618 12 & 2 BB HTIL, Y v 7 #I3 JIS Z 2280 12K %
Ak, w3 JIS Z 8807 Ik B 7L F A 7 ATt
WU, BRFshet & g L 7z

4. RERIGREER

4.1, ERNMMAEIC L 2MER L

411, $BREICRIZT Zr FHNIDFIE

Mg-Zn-RE (Rare Earth: 7 50 A4/ 5 Zr IR
I & 2 ML RIZR ST VB AP, MggZn,Y,
BB MR K9 2 WAL R & GR35 728, MgeZn,Y,
EBEB LV Mgy Zn, Y, Zrg, B ) 28 L 72, Fig.
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BT & AN U 7-MEh Mg-Zn-Y RiBFEES £ OHER & BMREE

212 MggZn,Y, &% KU Mgy sZn,Y,Zro, 5D XRD
K ERT. miAEE s o-MgH, Mg,ZnY (LPSO) M
BEO Mg Zn,Y, 2 S ST TH D, ZriRINZ K %
KA DOZEALIZ 25 2 5 7=, Fig. 312 MgeZn,Y, &k &
O MggsZn,YoZro, DO RIFE TR AR, THRLF—
SrEE X B3 M (Energy dispersive X-ray spectrometry:
EDS)#HR& ZhEToOWE ' » 5, BEHH o-Mg M
T, Jkt, HERIEZhZFH LPSO M XU Mg;Zn,Y, £
ThHbHEHEZEND. MgeZn,Y, &4 Fig. 3 (a) D&
IZ a-Mg D BIHEIR E R > T2 8 DONE B Ehr-.
Fig. 3 (b) 25525 K512, MgyZn,Y, #iE, a-MgHD
JADIZ Ay b7 =2 RISEE L7 LPSO % 0Wid % &
57, HKREREASR L Tz, —J5, MggssZn,Y,Zrg, &
%13 Fig. 3 (c) D& 51 a-Mg AR L TH D, Fig.
3(d) 2 5bhb LD, Mg Zn,Y, ST 2 B2 2 b

g MggsZn,Y,

< a-Mg (00-035-0821)
A | PSO (00-036-1273)
® Mg,Zn,Y,

il 2

Intensity —

20 (degrees)

Fig. 2 XRD patterns of MgeZn,Y, and
Mggs sZN,Y 271, , alloys

MggeZn, Y, Mggs 6ZN,Y 221y 5

Fig. 3 BSE (Back scattered electron)-SEM images of
MggeZn,Y, and MggsZn,Y,Zr,, alloys

LTCWz, L2 LAERS, Zr iz k5 o-Mg KEOH
HEFTIIMRTE L, 572D T, EBSD f##ric kD
R AE AL 72, ZOER% Fig. 41089, Zho&kD,
MgesZn,Y, A4 H & U Mges sZn,Y,Z 1y, B B D fE SRR
BEZ200 um BV 20 pm THY, Zr BN K 5
AL FIIIEFICRE W EAbh 572, £/, Fig. 3 (d)
RHEITRT LD a-Mg KiNIZIZ AR 23 2 Bis &
7z. Fig. 5 (a) 8 & U (b) 12, @5 & Iz fdilki o0& & +
PH{%E% (Transmission electron microscope: TEM) (%% &
U EDS #HRE/RT. ThoDRER»S, 2 OWHRIZH
0.5 um DO TG ZIRD Zr-rich KiTH 5 Z &hbr >
72, ATy AHICET B Zr OREERR 0.12 at. %)
WMETH 35 0.2 at. %IZH UKD Z &2 5 KEED Zr 28
GIEL, ThoBa-MgHOBAERDEEERBZ LT
Mggs sZn,Y o Z v, BB DML R Z 5728 D& 2
bh5.

412 HAREICRIZTSHREDRE

MeggssZn,Y,Z 1o, &SI 51 5 M HEE O 8 % il
Y 57280, BEELREE % VT Mg sZn, Y, Zr,, &4 (£
X 2 mm, 4 mm, 8 mm)Z®EHL 7. XRD OFEHR, T
DRI & & a-Mg M, LPSO Mk KU Mg,Zn,Y, fHAH
SR I TR O, WHBE O X 2 MR HOZE 1L
32805 72, MgossZn,Y,Zry, 54 J£& 2 mm, 4 mm, 8

Mggs §Zn,Y 221 5
S Tl T N

Fig. 4 Crystal orientation imaging maps of
MgeeZn,Y, and MggssZn,Y,Zr,, alloys

(a)

4 8,008 Hange-  28.468 keV 20.220 -

Fig. 5 (a)TEM image of Mg grains in
MggssZn,Y,Zr,, alloy (b) TEM-EDS
analysis obtained from particle
indicated by white arrow in Fig. 5 (a)
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mm) O K5 714 % Fig. 6 12, EBSD Jifii~ v 7% Fig. 7
IRY. Fig. 6 &0 @A A K = < A& %I1E E MU o
L3 2MEAIZH B Z Ehbhr b, 72 Fig. 7 & 05
iz ZEnZFN 8 ym, 11 pym, 16 pym THo72. —h,
Zr BERMO 2 mm JEE D& DI 50 - 100 2 m FEE LK
THotz. LN 5T, 2 - 20 mm FEEDORIEF I,
FEEVRIEAY 200 m A5 20 pm ML L 72 Zr WRINOD
HEOFNHHREDOFEL D KEWEE L bh, HEH
P2 20 mm BIAD & DAL WL Y ¥ VS TIE Zr WI0
IZE ML K ORI TH D 02 5.

4.1.3. HEWHE

Fig. 812 MgessZn,Y,Zre, &4 JEE 2 mm, 4 mm, 8
mm) 12 $5 1) B 5RGE & OB IRAE A2 R T, i
ELTAL032-T6 7L I = AR EDFEMRE &R T.
200 CLULETARESHEACTL T\ 5 A4032-T6 Xt L,
Mgos sZn, Y, 21, A8 TIHEMAREIK TR Ok
Motz 72, KSR A L DI EEREERL,
ER R 10 pm LR OMM M E AT 5681080 T
1% A4032-T6 OFEIRME 2B A TH D, 250 C Tl 223
MPa & A4032-T6 O 2%, 300 C Tl 35V glikms
SEAL TSI LIIRETRNETHS. /2, 250 CT

Fig. 6 BSE-SEM images of Mggs¢Zn,Y,Zr,, alloy in
thickness of (a) t = 2 mm, (b) t = 4 mm and
(c)t=8 mm

Tensile strength (MPa)

Fig.

— 188 —

fagnesium

toio

ooni 2770

Fig. 7 Crystal orientation imaging maps of
Mggs.sZn,Y,2Zr,, alloy with (a) t = 2 mm,
(b)t =4 mm and (c) t = 8 mm
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Fig. 9 Relationship between yield strength and grain
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Fig. 10  S-N curves of Mggs¢Zn,Y,Zr,, and A4032-T6
alloys
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WIZRE GO BIF 5 Bl ia g O BIK % A3 5 720, #
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Fig. 11 Creep properties of MggssZn,Y,Zr,,

(t = 8 mm), ADC12 and ACM522 alloys
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=T ARSI ERO M E A E N2, BAFAE
ERErEONZEDEEZONS.

Yoy LY — R ER A R IZ DWW T, MgossZn,YoZrg, B
TIISFEA SISO ST, BEM A4032-T6 D 2.0 X
10" J/m* 12/ L, 3.6 X 10" J/m® &A% L, EOR M %R
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Fig. 12 Relationship between hardness and soak
time for MgesZn,Y,Zr,, (t = 8 mm) and
A4032-T6 alloys
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BSE-SEM images of MggssZn,Y,Zr,, and
A4032-T6 alloys before and after soaking

Table 2 Mechanical properties of MggZn,Y, and
MgessZn,Y,Zr,, alloys

Tensile Yield Elonaation

Alloy strength strength o (S)J/a o
(MPa) (MPa) (%)
MggeZn, Y, 216 116 43
Mdgs 8Z2N;Y 52T 5 249 125 105

BT LEZ A5 TOEWH, Fig. 14 12K S L KA S
2B 3B TOMU L 250 C TOFEMR X OB %5
T MgossZn,YoZrg, B8 RIRIEEE 721 T < iR T DL
P IEF @, WE - N T Y ZADROHMEITH B &
Wib.

4.1.4. &

Mggs sZn, Y 7, B EDFERE% Table 3 1R g . HLikhs
ELT, BT I = 4464 (A4032, AC8A), I~
v A54 (AZ91, WES4) OFERE RS, HBEJHERG O
fERAE (A 2 V) EF A A I HNERE D
MCAE & 2 28RS, B~ 2V Y /S L ik
LTRELKFESINTED, DLABATLI =Y 4484
DEREE IS, RIFARR A E S .

BUEHRAR s KUY v S RIER I~ o 1 vy A5 4E LT
HLRLTHY, BHT LI ZO 258 LDIRVEETSH
50, WEEBEH~Y XY A8ERRINEL, 7L 3
ZULAARED 0% FHETH Y HEHEEOL Y U VRO
BRI T 3.

4.2. LPSO #Hs bIC & 2 58E R L

ZNFETOEERT Mgy Zn,Y,Z 1, B EI3IEFIZE O E
R AHOZ L b 57228, Fig. 918§ & 5 IZHiRD
0.2% ME ML & EVE TRV, Z22C, G5 T
L7z Ag #MIT 52 HIC & D 8 35014 X - 7. Fig. 15

300
Developed allo
250 [ pec a™o Yoo
g Mggs 82N, Y5210
= t2
£ 200 [--NTP e NN\t
o
Yol
N
®
e 150 [ N TN
iS)
C
o
E 100 f----—-------XA"Vee e/
B
c
2
T
O Heart-resistant magnesium alloys
0 L L
0 5 10 15
Elongation at 25 °C (%)
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250 °C and elongation at 25 °C
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Table 3 Characteristics of MggssZn,Y,Zry, alloy compared to commercial aluminum and magnesium alloys
Thermal cor:ductivity Thermgl_ expanf:ion Young’s modulus Density
Alloy (W{’m- C) . coefficient (1{’ C) (GPa) (kg/m?)
at 200 °C (25 °C) at25-300 °C
Mdas sZN,Y 2210 102 (92.5) 26.6x10° 458 1890
A4032-T6 141 21.5x10° 73 2690
ACBA-T6 128 21.4x10° 78 2720
AZ91D-T6 (51) 27.2x10° 45 1830
WES54-T6 (52) 24.6x10° 44 1850
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Fig. 15 XRD patterns of MgeZn,Y,Ag; and
MgesZn,Y, alloys
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Fig. 16 BSE-SEM image and point EDS analysis of
MgesZn,Y,Ags alloy (at. %)

Fig. 177 HAADF-STEM images of (a) Mggs¢Zn,Y,Zr,,
alloy and (b) Mgg;Zn,Y,Ag; alloy
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Galvanic Corrosion Prediction Technology for Aluminum Parts of Chassis
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ABSTRACT

The time for evaluations can be reduced because
it is now possible to predict corrosion by simulation
of the depth of galvanic corrosion in aluminum
chassis parts. Based on input of polarization curves
conforming to the specific corrosion environment,
this simulation technology is able to calculate the
reduction in aluminum volume due to galvanic
corrosion from the corrosion current, and to output
the depth of corrosion. It can replace corrosion tests
previously requiring 5000 hours with a simulation
of approximately 20 minutes, making it possible to
predict the depth of galvanic corrosion occurring in
the market in a short period.
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Fig. 1  Corrosion potential in sea water
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Fig. 3 Model of galvanic corrosion
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Table 1 CCT conditions
Order State Salt . Temperature Humidity Du_ration
concentration time
1 Salt spray 5 wt% 35°C 98% 1hr
2 Drying 50 °C 30% 2 hr
3 Wetting 35°C 95% 3hr
Table 2 Measurement conditions
Order State Salt concentration Temperature
1 Salt spray 5 wt% 35°C
2 Drying 26 wt% 50 °C
3 Wetting 26 wt% 35°C
rbe 0 7) LINT A — B OFETTE AT U =Gl 2 7R
" ! EFNHEVIIT A — 2 WEDWIKTHV 2 CCT il
I'a kT o=f (D) (8) 2% Table 1 IZ/87.
B TG S 5 28, WERPIERIRETS
e BT ¢=1fc () (9) s ni L - R s -
B IR LT 5. e T, KRa»#&ET 22
ZZTHAZLNTWS fu(i), fo() 13 RllEIZ k- Tk ECHIRE B LM LT eELoNS. 72, 8
WX N2 IEPEORETH 5. TR T, OIS & - TR U, AIRIEAERE 12

NS DERFIDOE & THISFHA(5) 2 <. N X
N OIhl% [H] B8 &0, [Gl &4 5 &, LUTOBR R it
AnfFoNns.

x[H]{¢}-[G]{i}={0} (10)

BlE=a—1tY-5 7Y viEEHNT, X (10) DI
KT 2 E Tt T2 L, RERDOEN ¢ LEREK i Hdb
MBEDT, 7777 —OFEMNCkD, REROFAEEEH
BTLENTES.

P oA IS, filiny 32— 3V 7 M2
fEE N TV B A, —DDIFRBERBIIN L T—2 D%
N300 720, ABHEOEERBEO L > £ X I FIC
ZALT BIERBEANIBH L &5 & UrE, #iaipE 48
s % B8N bH 5.

F72, BRERPLBAFEI AV I 2L —va vy LT
3728, EEBWRASBR L 2SR, #4308 AR
IZE > THRERRIDEZE LT L X9 &5 HBRIZK BRI
HIFFHRTE LV, ZOBA, 556 h 8RR ISR
Ba» T CHETIHERH 5. AR TIE, 21651
BEREZYI2V—va v 3500, fcDEEEREOG
HAERAMELC, RN ABEFEXEZNNTEIL—F
AR AN 3 (S A

4. ANTBETIVEINT A —ZDERTE

41. 31— a e EHhT IBRERE

ANTBETFLEINTA—LDFEL, ¥ Iab—V g
VERERBTHRMERBICEDOE TRETILEND S.
ARETiE, —fBlE UT, FEHOFERIEIZEW CCT (Cyelic
corrosion tester) iRBADT — &2 %2 & &12, AT 5ETIL

BoTWbdeELOLND.

PoT, fIFL TOBIFDOIRIRIE % 26 wt% & L, AJJ
T5/57 A= 2% WET H5REE Table 2D X S IZED 7-.

YIialb =Yg VRTINS hS T — 2103, JEER
g (mA/cm’), B (mV), BEEBE (mm/year) Th 5.
BEERS LUK, BEEE L CCT Ol D
NoREZIENTES. WoT, ANNTE2ETLRINT
A= s0d, FEEICHE L - BEEREE LSRR, B&
VIR i L, BEET 5.

42 AHEFIVDHE

FT, vIalb—vavEEETIZOICE, ETLOD
WENVETH D, L, T LIy L0EREY
2L =Y avFAE0T, TaldKERDFE, Teldik
DM, TAlZT7TIL I 2DOEFEE 55, YBOMWRITIZ,
T3 = AOMAIZ M10 AL b 23S X T B IR1E
ARELTCHEEL 72, €5 )L % Fig. 4128 F. ZDOE

l<— Rotation axis

Scale: mm

I . \ A
: c .

_“_!_/ : LN )

p vi.

e —

Y
Slnf %%%/ )

AN
© 975
L 50 >
|

Fig. 4 Simulation model
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Table 3  Electrical conductivity

Salt . Temperature Electrigql
concentration conductivity

5 wt% 35°C 9.56 S/m

26 wt% 50 °C 49.47 S/m

26 wt% 35°C 40.03 S/m

Table 4 Physical values for materials

. Specific
. lonic ) Mass
Material valence gravity (g/1 mol)
(g/m°) g
Aluminum 3 2.69X10° 26.982
Steel 2 7.86X10° 55.845
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Fig. 6 Measurement of oxygen concentration
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Table 5 Comparison of corrosion current density

Condition Simulation Measured
value

Salt spray 20 pA/cm? 120 pAlcm?

Drying 10 pA/cm? 100 pA/cm?

Wetting 10 pA/cm? 100 pA/cm?
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Table 6 Simulation results for current density using polarization curves measured at different hydrogen peroxide
concentrations

- Salt Measured Hydrogen peroxide Simulated

Condition . .
concentration value concentration value

Salt spray 5 wt% 120 pAlcm? 0.0075% 123 pA/cm?

Drying 26 wt% 100 pAlcm? 0.015% 96 pA/cm?

Wetting 26 wt% 100 pA/lcm? 0.015% 103 pA/cm?
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Establishment of Prediction Technology of Fatigue Strength in Roots of Internal Thread
for Crankcase Assembly and Application in Product Development
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Aluminum alloy crankcases are generally used
in motorcycle engines. Fatigue fractures sometimes
occur in the roots of the internal threads of the
cylinder head fastening bolts and the crankshaft
main bearing fastening bolts in durability tests in the
prototype stage. Conventionally, theoretical evaluation
of absolute values of fatigue strength in the roots of
the internal threads was a challenge, so evaluation of
fatigue strength had to rely on durability tests using
actual engines.

This study developed technology that uses FEM
analysis to theoretically evaluate the fatigue strength
of the entire crankcase, including the internal thread
portions of the main bolts. This technology performs
parallel calculation processing on a large-scale FEM
model that takes into account the forms and contact
characteristics of the external and internal threads, and
was found to be practical in terms of both calculation
accuracy and calculation time. Examples of applying
this new method to product design showed that
fatigue strength in the roots of the internal threads
for crankcase assembly can be enhanced without
increasing the weight, by modifying the form around
the bolt fastening area and the form of the bolt tip.
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Fig. 4 Measurement point for strain at root of internal
thread
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Fig. 8 Strain at external surface of bolt fastening
area: Measurements & FEM analysis results
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Fig. 9 Stress analysis model for entire crankcase
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Table 1 Scale of FEM stress analysis model for

entire crankcase

Number of elements 10 million elements
Number of contact elements 1 million elements
Minimum mesh size 25 uym
Number of CPUs used in calculation 50 CPUs
Calculation time/One boundary condition 5 hours

Fig. 10 Engine used to measure strain when assembled
and under operating conditions
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Fig. 12  Strain at points of attachment of gauges on
crankcase: Measurements and FEM analysis
results
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Fig. 14  Form of hollow cylinder at tip of bolt

8.7% Normal
o Hollow

Mean stress (MPa)

Stress amplitude (MPa)

Stress sampling line

Fig. 15 Reduction of stress at root of internal thread
using bolt with hollow cylinder at tip
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Study of Mechanism of Silencer Drainage Noise
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Noise occurring at the exhaust outlet during idling
and originating in condensate water accumulating in
the silencer reduces the commercial appeal of vehicles.
Visualization tests reproducing a silencer and predictive
calculations based on a one-dimensional model were
conducted in order to elucidate the mechanism of
occurrence of this noise and study measures to prevent
it. The results showed that pulsative pressure from the
engine and the internal resonance of the exhaust pipes
were factors in drainage noise, and the noise occurred
when water films that had been generated and blocked
the outlet pipe in areas in which the particle velocity
was highest migrated downstream and broke up.

In addition, in order to prevent drainage noise,
increasing the pressure differential before and after
the formation of the water film, AP, is an effective
measure in increasing drainage performance during
idling.
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Fig. 1 Occurrence conditions of drainage noise
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Fig. 9 Water behavior in straight pipe
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