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ABSTRACT

The newly released fourth-generation STEP WGN is
the result of a full model change based on the concept
of a“minivan maximizing comfort for everyone.” It was
developed as a product creating lifestyle richness with
greater functionality and space than users expect ina*“5
number” (small class) utility minivan.

“Friendly Max” was chosen as the keywords for the
design development.

The STEP WGN's exterior design was
conceptualized for spaciousness, ease of use and
simplicity. Honda has achieved a “Friendly Max
Exterior” that is at once functional, yet is simple and
warm with rich surfaces, projecting fenders and a lively-
looking form taking advantage of the minivan's square
frame. It gives the impression, at first glance, of alarge
space and the generous amount of glass surface-area
evocative of the joy of driving.

The interior design uses the same concepts of
spaciousness, ease of use and simplicity to achieve a
“Friendly Max Interior” that embodies both functionality
and friendly-feeling qualities with a form that projects
both space and usability at first glance, and a display and
operating system that anyone can see and use with ease.
Color designs, moreover, were chosen to draw out these
characteristics.
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Styling Development for 2010 Acura ZDX

Eric Schumaker®” Damon Schell” Michael Wiedeman”
Michelle Christensen”  Kimberly Marte”

ABSTRACT

In keeping with Acura’'s core value of being an innovator of vehicle segments, the ZDX team identified an
opportunity to create a segment that would satisfy a trend-setting luxury customer and raise Acura’s prestige.

The ZDX styling concept of “Suspenseful Emotion imagining an epicurean [luxurious] journey” provides a driving
and living experience of emotion and style. The “Motion Surfacing” exterior concept gives the vehicle an immediate
and strong visual impression. The “Two plus Freedom” packaging concept combines characteristics of sport sedans,
coupes, and SUVs to provide spirited, coupe-like driving and strong all-road performance. The “Destination Hotel”
interior design concept extends the living experience of a modern and luxurious getaway.

ZDX’s coupe proportions featuring large wheels and tires and a small, tapered cabin allowed stylists to create
very dramatic shapes, such as the deep shoulders over the rear tires. The all-glass panoramic roof maximizes the feeling
of interior openness while minimizing exterior size. The interior features wrap-around leather surfaces, ambient lighting,
and a center command area called the “Blended Technology Monoalith,” which blends the climate, entertainment, and
navigation systems.

ZDX’s purpose of inviting a couple to explore and drive in a spirited fashion led to a new mix of sport SUV
driving and utility combined with the comfort and seating of a sport sedan or coupe.

1. Introduction

Acura has established itself in the US market as a
luxury brand with balance between performance,
comfort, and value by innovating new vehicles in luxury
segments or by creating entirely new vehicle segments.
Luxury vehicle brands have divided their lineups into the
main categories of stylish coupes, versatile sedans, and
flexible SUVs. For example, Acura TSX and TL impress
as sport sedans while Acura RDX and MDX created and
continue to define their niche as sport SUVs.

Acura set forth with the ZDX project to add to their
lineup of sedans and SUV's; however, in keeping with
the Acura s core value of being an innovator of vehicle
segments, the ZDX team identified an opportunity to
create a new segment that would satisfy a trend-setting
luxury customer and raise Acura s prestige.

This paper examines the styling concept development
process from initial market understanding to final vehicle
creation, and describes the achievement of key
components, including the deep one-piece rear quarter
panel, all-glass panoramic roof, disappearing
instrumentation, and stitched leather interior surfaces. Fig. 2 Acura ZDX positioning concept

ZDX: Acura Customer

0 HONDA R&D AMERICAS, INC.
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2. Vehicle Concept

2.1. Target Customer

The design team targeted a customer of a certain
mindset, versus age or gender. The ZDX target
customers are active, adventurous individuals who
appreciate cutting-edge design, innovative thinking, and
fresh ideas. They are self-assured trendsetters and
understand good design beyond preconceived categories.
They value sleek, edgy, exotic or emotional design and
find appeal in craftsmanship and high technology.

ZDX customers are in a life stage without children.
They might be considered coupe category buyers since
their key purchase reasons include styling and
performance; however, due to their active lifestyle, they
find great value in vehicles with utility and capability.
They enjoy weekend getaway trips, traversing twisty
mountain roads, and golfing with friends. Such activities
require their vehicles to handle tough urban driving
conditions year-round.

2.2. Styling Concept

The ZDX styling concept was “ Suspenseful Emotion
imagining an epicurean [luxurious] journey.” The
designers imagined the emotion one feels when
approaching this vehicle as suspenseful, that is, a mixture
of anticipation, excitement, and not knowing what lies
around the corner. They desired to capture the feeling
of suspense and excitement a skier feels at the moment
just before launching down a slope. ZDX targeted the
idea of a vehicle that invites two people to join in a
driving and living experience of emotion and style. The
experience may be one of just two people enjoying an
invigorated drive on different roads, a trip where
spontaneous shopping may occur, or a planned trip with
another couple to a special destination. Glancing at the
ZDX, the target customer would dream of partaking in
these types of positive experiences and activities, which
the design team called the “Epicurean Journey.” This
styling concept set the tone for the exterior, packaging,
and interior design concepts.

2.3. Exterior Styling Concept

The exterior concept of “Motion Surfacing” required
the vehicle to make an immediate and strong visual
impression. Since the overall styling concept focuses on
the feeling of suspense when a person walks up to or

sees the vehicle, the overall proportion needed to make
a rapid impression. The secondary visual sensations of
line, shape, and detail needed to enhance the overall
proportion and draw on the customer’s experiences and
emotions. The designers wanted all of the surfaces to be
interactive with and generate from adjacent surfaces as
the viewer moved around the vehicle and viewed it from
new vantage points. The shapes and lines will in effect
never end. They will just lead to new, dynamic surfaces.

The ZDX target customer is rich with experience in
many types of vehicles; therefore, they are able in a
glance to categorize a vehicle as SUV, sedan, or sport
coupe. ZDX designers wanted to draw from the
customer’s experiences with these different types of
vehicles and combine the advantages offered by all three.
For example, traditional SUV shapes and proportions
seek to maximize passenger and cargo volume while
providing all-road strength and security; sport coupes
convey personal and dynamic character through a low
and wide stance, small passenger compartment and
windows, and smooth, flowing shapes; and sedans focus
on passenger comfort with four equal seating areas and
a separate cargo area.

2.4. Packaging Concept

The “Two plus Freedom” concept guided the
packaging design. The packaging sought to combine
some of the stand-out characteristics of sport sedans,
coupes, and SUVs to provide the driver and passenger
with spirited, coupe-like driving and strong all-road
performance.

Fig. 4 Concept document describing styling shape and
proportion of ZDX compared to existing vehicle

ZEHELOEHIC & V) IR

Fig. 3 Key images of ZDX usage environments
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Styling Development for 2010 Acura ZDX

The cockpit layout provides a coupe-like feel for the
front passengers. The rear area provides sport sedan
seating for three adults or converts into luggage and
utility space. To access the seating areas with sedan ease,
four doors were required, and a rear hatch chosen for
access to the utility space. The vehicle's high, protective
beltline and low roof create a secure feeling from inside
the cockpit. However, the passengers do not feel
confined due to the integration of an all-glass roof. This
layout supports the concept of a personal, sport luxury
vehicle that inspires spirited driving while adding an
adventurous feeling. The designers imagined the
confidence of sitting higher in traffic than a coupe when
looking out and focusing on other vehicles, yet having
the emotional experience of a coupe when looking
forward over the front fender forms or when looking
rearward and seeing the haunches of the rear shoulders
lifting over the large wheels and tires.

2.5. Interior Styling Concept

The interior concept was “Destination Hotel,” which
centers on the feelings of adventure and luxury for the
high-end customer. The adventurous couple who enters
the “destination hotel” is rewarded with a modern design
combined with seductive textures and an exhilarating
personal ambiance. The designers wanted the ZDX
interior to be an extension of this hotel living experience.

The interior highlights the dominant front passenger
area by surrounding the front passengers with rich
leather, advanced ambient lighting, and modern
technology. The key to this is the center “Blended

'personal oriented

Fig. 5 Initial ZDX interior concept

ZFELDERICL Y IFRT

Fig. 6 Interior concept set tone for ZDX interior mood

god

Technology Monolith” area where climate,
entertainment, and navigation systems blend and then
disappear into crafted fine metal and leather materials.

3. Design Achievement

Achieving ZDX’s exterior, packaging, and interior
concepts required close collaboration between Styling,
Engineering, and Manufacturing. This section looks at
the key design breakthroughs from Styling’s perspective.
Critical to achieving the ZDX’s styling and engineering
breakthroughs was the clear communication of the
designers’ styling and package concepts to the engineers.
The designers felt that the key to communicating the
concepts was having the engineering team personally see
a styling mock-up of the ZDX while viewing the
concepts. This made clear the ways in which ZDX was
different than SUVs, sedans, and coupes, and helped
them understand how vital uncompromised styling was
to the character of ZDX.

3.1. Deep Dimension Body Shapes

ZDX'’s coupe proportions featuring large wheels and
tires and a small, tapered cabin allowed the stylists to
create very dramatic shapes, such as the deep shoulders
over the rear tires. The idea was to express the
“Suspenseful Emotion” concept in the overall mass and
stance of ZDX. The designers imagined a sling shot
pulled back in tension and in ready. They desired the
overall appearance of the form to be uncompromised by
the realities of passengers, door openings, and

EFHELDEHIC & V) IERT

Fig. 7 Description of ZDX form

ZFELDERICL V) IFRT

Fig. 8 Description of ZDX stance
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functioning parts. Yet they knew that ZDX needed to
have comfortable seating and utility space for four.

For ZDX to accommodate four adults comfortably,
four independent doors were necessary. The goal was to
have the doors designed into the overall form so as not
to compromise the deep, dramatic shoulders. In addition,
the front rear door side pillar was positioned as far
rearward as possible, similar to the position in a two
door, to mimic the driving environment of a sport coupe.
To alow comfortable passenger ingress, the cut lines for
the doors needed to be as far fore and aft in the cabin
area as possible and flow with the side window and body
design lines. This design led to very deep stamping draw
conditions in the rear cutline area of the rear door and
wheel opening.

To achieve the crisp body line on the flowing rear
wheel area and allow for a door cut line immediately
forward of the wheel opening presented stamping
challenges. The depth of stamping draw from the furthest
out point on the rear wheel arch form into the door
opening seal line was much greater than any previous
construction. The team did not want to compromise the
styling, so they did not request major shape changes to
ease the stamping difficulty.

To achieve the design, engineers investigated two
development plans concurrently. The primary plan, if
successful, would result in a one-piece rear quarter panel.
Styling and Engineering worked together to relieve some
of the depth of draw and acute angle conditions that
were making the stamping improbable. Using stamping
simulation tools, engineers were able to achieve a panel
design and stamping process plan that showed

Fig. 9 Rear wheel opening and shoulder area of
ZDX has deep shapes with crisp edge

EXTERIOR: “Tension” - Deep Sexy Rear Quarter Panel =% n_v_

or Side Panel

7ENSION

Fig. 10 Stamping achievement of deep draw ZDX
rear quarter side panel

probability of producing the deep draw while
maintaining reasonable scrap rates. To confirm the plan,
dies were made to test the stamping before committing
to the one-piece panel.

If the one-piece stamping could not be achieved, the
backup plan was to use known technology to achieve the
shape in two stamped pieces; however, this would add
weight, cost, and complexity to manufacturing. In the
end, the dramatic deep shoulder styling was achieved
with a high-quality one-piece panel that helped meet
weight and cost targets.

3.2. Panoramic Roof

ZDX’s overall purpose of inviting a couple to explore
and drive in a spirited fashion led to a new mix of sport
SUV driving and utility combined with the comfort and
seating of a sport sedan or coupe. This results in a more
reclined seating position, but higher off the ground like
an SUV and a small tapered cabin like a fast back coupe.
While these characteristics satisfied many of the
emotional and dynamic targets of the customer, they
raised functional issues with visibility and passengers’
perception of freedom versus confinement. The
panoramic roof was pioneered to meet these seemingly
contradicting needs and wants.

The goal of the panoramic roof was to maximize a
feeling of interior openness while minimizing exterior
size. It needed to provide maximum up, side, front, and
rear visibility while maintaining the coupe cabin form.
In keeping with the styling image of simple flowing
forms, the roof could not be overflowing with visual
detail and complexity.

The resulting roof is a smooth glass surface from
base of the windshield to the rear license area that is
disrupted only by a performing rear air spoiler and four
minimal on-surface cut lines between panels. In plain
view, the glass surface extends from left to right roof
side rails without cuts. The visibility from within the
cabin was maximized and tuned to create up-and-
outward visibility.

The mechanisms and structures of the sliding center
section were minimized and moved outboard to create
an amazing open roof experience. To protect passengers
from excess sunlight, the roof glass provides 70% sun
protection, and powered sun shades span out from the
center transverse roof beam that block all but 3% of
sunlight.

Length of glass
3760mm

Fig. 11 Long and wide expanse of glass of ZDX
panoramic roof
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Fig. 12 The ZDX panoramic roof allows unparalleled upward and outward visibility experience

Fig. 13 Sun shades roll out from center roof beam in
fore and aft directions to provide protection
to front and rear passengers

S~ Sunlight =~

o

3.3. Disappearing instrumentation

Achieving the center control stack “Monolith”
theme was an interesting blend of engineering
creativity and styling dream. The styling team
envisioned the front passengers in personal
wraparound areas of fine leather, and in between them
would be a center command area referred to as the
“Blended Technology Monolith.” This area would
allow passengers to interact with many functions of
the vehicle, such as climate, sound, and navigation,
but not be overly complicated or cluttered.

Engineers had already been working on a process to
have a simple surface that could transform into an
interactive display when lit. They had no specific product
to apply this technology until they learned of the idea
the ZDX designers had in mind for the Blended
Technology Monalith area.

~Sunlight =

Bl

Fig. 14 Section of panoramic roof and sun shade mechanism

Fig. 15 Images of Blended Technology area in off and on conditions used to demonstrate idea during
development of ZDX
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3.4. Stitched Leather Interior Surfaces

Creating the wraparound leather surfaces to achieve
the interior design concept required new business and
manufacturing processes. The design idea was to have
leather wrapped and stitched around the interior parts
and appear seamless. This required the door and part cuts
to be minimized and the leather texture, color, and
stitching to be perfectly consistent and flowing from one
part to another. Three suppliers, each with excellent
experience in providing stitched leather parts, were
chosen to make the interior leather surfaces.

In the past, appropriate matching of different parts
from different suppliers was achieved by creating a
master sample and distributing it to each supplier.
However, a new level of matching accuracy would be
required since the ZDX would have naturally varying
leather and actual stitching. Since the suppliers had
dlightly different techniques to select and trim leather
and used different materials and thread, the design team
had to establish new verification processes to guarantee
consistency.

Fig. 16 ZDX interior design sketch expressing
wraparound shapes and hand-stitched
leather surfaces

4. Conclusion

The ZDX defines a new vehicle class for a new class
of Acura owner. ZDX combines the emotional and
dynamic character of a sport coupe with the utility and
confidence of sport sedans and SUVs. The flavors of
these luxury categories are blended in an incredible way
to truly delight an active, discerning customer pursuing
life.

Achieving the exterior, packaging, and interior
concepts posed challenges that required innovation and
close collaboration between Styling, Engineering, and
Manufacturing. The key design achievements included
the following:

(1) The deep rear quarter panel required a depth of stamping
draw greater than any previous construction. Using
stamping simulation tools, engineerswere ableto achieve
a one-piece panel design that met the deep draw
reguirement while maintaining reasonable scrap rates.

(2) The reclined seating position and small tapered cabin
raised functional issues with visibility and passengers

perception of freedom versus confinement. The all-glass
panoramic roof allows unparalleled upward and outward
visibility that maximizes the perception of interior
openness while minimizing exterior size.

(3) The Blended Technology Monolith allows passengers
to interact with many functions of the vehicle, such as
climate, sound, and navigation, but not be overly
complicated or cluttered.

(4) Thewraparound interior leather surfaces required a new
level of matching accuracy to accommodate naturally
varying leather and hand-stitching. The design team
established new processes to guarantee consistency
across multiple suppliers.

m000m

Eric Schumaker Damon Schell Michael Wiedeman

Michelle Christensen Kimberly Marte
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The 2009 model year INSIGHT platform and hybrid
system have been used to develop a fun car with a new
generation hybrid configuration.

A sporty feeling was given by a 1.5-L Integrated
Motor Assist (IMA) engine in combination with a six-
speed transmission. The “Low, short, and wide” design
emphasized its nature as a sport package, and its
advanced sporty form was further realized by Honda's
very first light-emitting diode, daytime running light
(LED DRL) headlights and other such advanced items.
A sporty quality was produced in the interior by means
of advanced three-dimensional gauges and smart sport
seats, and a “soft feel” instrument panel and metallic
film were used to enhance the quality. The handling was
made agile for driving performance, and the adoption of
a 3-Mode Drive System adapted to different driving
situations realized a completely new feeling of
acceleration and exhilarating driving performance.

The development achieved a high-level balance
between driving performance and fuel efficiency. With
a design that produces a sense of sportiness, an
unprecedented small sporty hybrid car was created that
possesses the new value of the IMA.
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In addition to their use as an emergency backup power
source during power outages and as a power source for
construction applications, portable engine generators are
also used in leisure activities. In the latter category, their
main application is a power source for the air conditioners
used in camper vans and recreational vehicles, necessitating
a quiet and highly portable 3 kVA-class generator. The
EU3000i Handi was developed in response to this need.

The volume of the EU3000i Handi has been reduced
by 36% and its weight by 42% from the professional-
use EU3000is (3 kVA), realizing class-leading lightness
and compactness.

The maximum speed of the engine used in the new
generator has been increased and full transistor ignition
timing control has been employed, helping to reduce
engine displacement to 163 cm?® from the 196 cm® engine
used in the EU3000is. A plastic monocoque structure
reinforced with magnesium alloy is used for the frame,
further reducing overall weight in comparison with that
of the steel frame. In addition, the use of a Hershel
resonator has reduced air intake noise, and the
modification of the housing configuration has increased
the absorption and shielding of mechanical noise. This
has resulted in the achievement of the noise level of L,
91 dB, when the unit is being operated at rated output,
equivalent to that of the previous recreational use
generator, the 2 kVA EU2000i.
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Table 1 EU3000i Handi specifications

EU3000i Handill

Engine[]  |Displacement (cm®0 1630

Speed (mint)0J 3000-400000
Generator( |[Max. AC output (kVA)O 3.00

Rated AC output (kKVA)O 2.60
Continuous operating hours (h)O 3.500
Operating noise level (Lwa: dB)O 910

LxWxH (mm)0 622x379x4890
Dimensions[[Dry mass (kg)U 35.20

Wet mass (kg)O 40.10
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ABSTRACT

A new manually operated “Honda Techmatic
System” auxiliary driving device that supports the
independence of people with lower limb disabilities was
developed and installed in a Honda FIT.

This development aimed to secure safety and
reliability as official Honda product features, greatly
advance operability from simply providing “the ability
to drive” to “enjoying driving (Fun for Everyone),”
secure compatibility with various car models, and enable
easy installation.

This paper describes the specific structure used to
achieve these goals, and the control lever design that
blends with the cabin interior. It also introduces the
history of driver’s licenses for disabled persons, and this
market.
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ABSTRACT

A compact hydrogen supply system (Home Energy
Station, HES) has been developed that reforms natural
gas to supply hydrogen to fuel cell electric vehicles at
households, while at the same time also enabling supply
of electricity and heat. The Home Energy Station 1V
(HES 1V) is the 4th-generation prototype model of this
system, and was operated to verify both hydrogen supply
to a Honda FCX and power generation that can be
interconnected with the commercia power grid.

The results showed that introducing the HES 1V
together with a fuel cell electric vehicle to a typical
household can reduce CO, emissions by 30% and energy
costs by 54%. Verification tests demonstrated that this
is a new energy supply system format that can
simultaneously reduce the environmental load while
providing merits to users.

gooodad

HondaD OOOOOOOOOOOOOOODODDOODOO
oboboobooooooobobooboboboobooog
gobooboooooobooboobooboobogon
gboboooooobooboboboooog

gbobobobooboobooobooboooboooooon
goooobooooooboooboobooboobogoo
gboboobooooboooboobooboboboboonoo
ogboboboooboooooboooobooboboboobo
gooobobooooooboooooooooboobooooo

obooboRr&DbOODOO
0 00 HONDA R&D AMERICAS, INC.

gboboooobooboobobobobooooon
gobooboooboboobooooboobooooboo
gboboboooooooboobooboboboboonoo
goz2o030000000000OCOCO0O0O HondaR&D O
gbobooooboboooboobobooobobooog
goooooooooobooobobobbbbboboooooo
gbobooobooooooobooooboboboboonoog
HESOOOOOOOOoOooeemsmpoooooooooo
gbobooboooboooooboobooboboboboonoo
ogbobooboobooooooooobooboboboono
ooooooco,00oooooooooooooona

0350



Honda R&D Technical Review Vol.22 No.1 (April 2010)

HONDA

== 0

| Hotwatertank . # Main unit Dispenser unit =3 -g
‘.. o ,'."- Tries g T g i
Fig. 1 External view of Home Energy Station IV
00O0b0ooO0o0ooOOooooDooooboDOoooooooag 00000 Fig. 200
20070 0000000000000 0000DOOO0O0O 000000oooooooooooooooog Fig.
000000000000 0D000DOOoDoOoO0n0 HES IV 30000
OFig. 10000000000 0O000O0O0OHESIV OO
ooooooooooooooooooooooooog 22. 0000000000
ooooo0oo0dooOooooooooco, 000000 HESIVOODOOOOOO Fig.4000O0ODOODDOO
goooooo 000000 Fuelprocessor[D 0000000 OO0 Dual
OOHESIV OO
2.1.00

HESIV 0000 Fig.1 OOOOHESIV OOOOOO
O000000o0oooo0000O0O0oom Main unittd
ooooo0oooOoooooooooooooooooo
MDispenserunitt OO0 O0O0O00000O0O0COCODOOO
[ Hot water tank0 O 0 O O

ooooooooooooooooooooooooo
o0o0o00ooo0o0o0oooooooooooooooo
ooooor7oo00ooo0ooooooooooooo
o0o0o00ooo0o0o0oooooooooooooooo
Oo000oooO0o0ooooooooooooooooo
o0o0o00ooo0o0o0oooooooooooooooo
oooooooooooo

oo00ooooO0oooooo0oooooooooooog
0oooO00oo0o0ooOoO00ooooboOooooooog Fig. 2 Dispenser unit with touch panel controller

0360



gbhgoboboboboobooooobogbomuEeSsIiVIDOOOO

Mode Stack: DMS[TJ O O O O [1J Pressure Swing Adsorption:
PSALD O OO0OO0OOMM Compressor I 000 O0OOOMO
Minverterl 00 0O0O0OOOO

0000000000000 ooooooooooon
0000000 00oO0ooooOooDoOoO0OOdAuto
Thermal Reforming: ATROO OO OO0OOOO0OOOODOD
oooooooooomeomoooooooooooo
0 0O 0 Water Gas Shift: WGSD OOO CO O0ODOO
O Preferential Oxidation: PROXO O O O O0OOO0OOO

DMSOOOOO0DO0DO0O000O0O0OO0ODO0O00oooooO
O00000oo0oo0o00ooooO0oU0drg. 50000
0000000oo0o0o0oo0o0ooooooooooooo
0oo0ooooooooooooooogooooooo
O00000Fg. 5@ U00oooong PSAOOOO
gooooooOoooooobMsOOoooooooooo
0000000000000 0DO0DDOUDOUUOOPSADO
Oo0o00ooooooooooooooooooooo
goodood

oobMsSOOOOOOOODODODOOoOoOooooooo
000000000000 O0OFg.5(MMoooooog
O0o000ooooooooooooooooooooo
goooooboboboobbbbbboboooooooooo
OO0 DMSOOOOO0OO0OO0O0OO0O0O0OO0DO0OO0OOoOooooo
oooooooooooooooooooooooooo
oooooo

1850

1455

580 0

s
705 < (Unit: mm)

Fig. 3 Dimensions of HES IV

s

Heat
Fled Inverter
processor
* EEEn | | _N u
Electricity

Naturalld DMS PSA

FCX

Compressor

Fig. 4 System configuration of HES IV

Table 1 Specifications of HES IV

Flow rate 3 Nmé3/h
HydrogenO | Filling pressure | 35 MPa MAXDO
production Purity > 99.99%
Efficiency 40%
Rated output 4 kw
g:r‘:‘;ergon \lf:’e';al?:nlc '3 120/240 VAC / 60 Hz
Efficiency 30%
Heat recovery 80°C hot water
Electricity 120/240 VAC
Utility Gas Natural gas
Water City water
Fuel processor ATR + WGS + PROX
Purifier DMS + PSA
Compressor é;’sr;a;gzzspslztronD
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ABSTRACT

A new Honda 6-speed automatic transmission (AT)
for the MDX has been developed with the aims of
enhancing fuel economy, raising efficiency, and
achieving greater compactness. The unit was built on a
parallel-shaft structure similar to the previous Honda AT,
which has high torque transmission efficiency. The new
AT incorporated an additional gear stage and the ability
to handle higher input torque from the engine.
Meanwhile, providing for a common gear train and
placement of the forward-reverse shift mechanism on the
input shaft were performed. As a result of these and
other measures, the overall length of the new
transmission becomes 18 mm shorter than the 2007
model 5-speed AT for the MDX. A multi-plate lock-up
clutch (LC) structure with a separate chamber in the
torque converter was also adopted so that LC capacity
could be increased and the LC control area expanded.
In combination with the new hydraulic control system,
this new configuration achieves a 5% or greater increase
in fuel economy over that of the 2007 model year MDX
while realizing greater power and driving performance
with enhanced direct feeling.
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Table 1 Specifications of 6AT
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6-speed automaticll
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Torque capacity [Nm]O 4000
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Reverseld 2.2690
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Finald 4.2500
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Using Road Simulation Technology for Durability
Verification of Plastic ATV Fenders

Scott Batdorf”

ABSTRACT

To validate the durability of ATV fenders in the lab, it is necessary to apply a testing method that utilizes inertial
reactions with large displacements and high accelerations that are present in actual vehicle usage. A relatively simple
test rig was devised utilizing an ATV frame, hydraulic actuators, and beam structures. The test rig can reproduce
many high amplitude events common to ATVs such as jumps, whoops, and log crossings. By combining this test rig
with road simulator technology, a simulation test method was developed. A correlation study to actual riding durability
testing demonstrated the test method’s ability to reasonably recreate testing conditions and validate ATV fender

durability.

With this method, efficient and timely part validation was achieved. This simulation method was

successfully applied during development and continues to be utilized in additional research and development projects.

1. Introduction

In recent development of new models and revamping
of existing models, the plastic fenders on ATVs have
typically been parts of major focus. To maintain a
styling advantage in the market, new part configuration
and construction has been desired. Also with ever
increasing economic pressures, finding methods that
allow reduced part cost or part count is a focus. These
two factors, along with others, lead to designs such as
the 2008 TRX400X ATV. This model utilizes a multi-
layer fender structure that includes a base fender and an
over fender. With this structure, it was possible to get
a revolutionary new look while reducing part cost and
increasing part toughness.

With this new part configuration, the methods used
to evaluate the strength and durability of the fenders in
the past may not have been suitable. Methods such as
actual vehicle riding durability can take a long time to
verify the parts, while methods such as impact testing
may not accurately indicate weak areas of the
construction. Fatigue testing methods of a point applied
load with constant amplitude or a point applied
displacement with constant amplitude were also
determined not able to accurately indicate the weak
points of the structure. Even inertial reacted testing with
constant amplitude or frequency was considered to be
deficient in accurately reproducing the actual situation.
It was determined that the best method to efficiently test
the new construction would be to use an inertia reacted
Remote Parameter Control ™ test method, more
commonly termed road simulation.

0 HONDA R&D AMERICAS, INC.

This paper describes the techniques used in the
creation of a method for applying road simulation
technology to verify the durability of plastic ATV
fenders.

2. Considerations in designing road simulation
test rig

When it was determined that durability testing would
need to be conducted on the new fender structure, many
test methods were considered. One of the first methods
considered, primarily due to simplicity, was to measure
deflection at the tip of the fenders during actual vehicle
operating conditions, then to conduct a displacement
controlled constant amplitude test by applying the load/
displacement near the tips of the fenders. The amplitude
of displacement would be determined by common strain
damage correlation procedures. This test method was
deemed inappropriate as the deflection shape of the
fender would most likely be different than actual
operating conditions. The deflection shape is largely
influenced by the inertial input loads due to large
accelerations as well as the frequencies at which these
inputs occur. The geometry of the fender is generally
quite complex and has several bolted connections in
addition to contact points with the frame body. In
addition to strain damage, proper deflection shape is
necessary to accurately reproduce wear on contacting
surfaces as well as possible slip loads at bolted
connections. The fenders are relatively long, wide, and
thin, with a significant portion of the mass cantilevered
from the frame. During high speed jumps with large
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accelerations, a distributed load applied to the surface
would be more appropriate, yet difficult to reproduce in
the lab.

In order to recreate the proper deflection shape,
inertial reaction would need to be used. Briefly
considered was a method where a single hydraulic
actuator would be attached near the center of the ATV
frame-body and control the displacement amplitude at
either a constant frequency or through a frequency
sweep. This method was not chosen because it was
thought that it would also not be able to sufficiently
reproduce all the deflection shapes that occur in the
highly dynamic usage conditions. It was then
determined that a method using two vertical inputs to
reproduce vertical and pitch motions should be sufficient
for a first try at recreating the actual usage. Using
existing equipment and fixtures, the first generation test
rig was constructed and operational in a very short time.
The test rig consisted of 2 hydraulic actuators with 250
mm (10 inches) of stroke capability, an aluminum link
with roller bearings on each end attached to a bracket
that was bolted to the rear of the frame, a collar welded
to the front of the frame with roller bearing, and the
ATV frame body with fenders attached. Fig. 1 shows
the 1% generation test rig.

3. Preliminary simulations

With the test rig design selected, data from actual
vehicle operation needed to be collected. Initialy, the
best metric (acceleration vs. strain) and locations for the
parameter to be reproduced was not certain. With the
unknown of which parameters would be the desired
signals for reproduction and which would be used for
reference, many parameters were recorded
simultaneously. Acceleration data was acquired at 2
points on the ATV frame body and 2 points near the tips

Cylindrical jointsO

HydraulicO
actuatorst]

Fig. 1 Computer model of 1%t generation test rig

of the fenders (1 front, 1 rear). Strain measurements
were taken at 6 points on the fenders as well. Once the
data was collected, the instrumented fenders along with
the frame mounted accelerometers were transferred to the
test rig.

When the test rig was ready to run, a white noise
displacement signal was input into the hydraulic actuator
system and the response of each of the above mentioned
parameters was measured. All being performed within
road simulation software, the frequency response
function (FRF) and coherence were determined. It was
quickly discovered that the coherence, or how much of
the output signal is related to the input signal, of the
accelerometers attached to the tips of the fenders and the
strain gages were very low, and thus using these as
controlling parameters would have caused difficulties in
creating good reproductions. Being far removed from
the displacement input points; these locations have
responses that are heavily dependant on many other
factors aside from vertical displacement. With the frame
mounted accelerometers attached in close proximity of
the displacement input points, coherence was good, and
thus they were chosen as the controlling parameter.

With the measured FRF, the inverse FRF was
calculated within the simulation software and the
iterative process of reproducing began. During this
stage, it was discovered that the available stroke of the
hydraulic actuators were not going to be sufficient for
reproducing acceleration of several key events a sport
ATV experiences such as a triangle jump or running a
whoops section. In addition to the lack of stroke
capability, it was observed that during other events such
as staggered log crossings, the lack of body roll was
significantly reducing the calculated strain damage. With
these two short falls, it was determined that a more
elaborate test rig would need to be developed.
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4. 2nd generation test rig and simulations

In determining the design of the next generation test
rig, there were 2 primary requirements: (1) there must
be adequate displacement to reproduce jump events and
(2) body roll motion should be simulated in addition to
vertical and pitch motions. Primarily due to the shape
and orientation of the fenders, it was determined that
forward, lateral, and yaw motions would cause limited
additional motion and damage to the parts. To determine
the amount of vertical displacement needed, a linear
drive estimate was performed using unitary gain in a
single iteration on the 1% generation test rig. The
displacement that the simulation software indicated plus
some additional buffer was calculated to be
approximately 500 mm (20 inches). With the rig
requirements and much consideration to full DOF
(Degree Of Freedom) constraint, the 2" generation test
rig was designed.

As shown in Fig. 2, the method chosen to obtain the
required displacement was to use simple lever
arrangements with 3 hydraulic actuators. The center
pivot of the levers were made such that the fulcrum
points could be changed, thus allowing for additional
displacement if needed. The ATV frame-body was still
used as the base for attaching the fenders as in the 1%
generation test rig. The front suspension components
were also used with the exception that the dampers were
replaced with rigid links. In order to attach the actuator/
lever assemblies to the front spindles, simple links with
spherical joints at each end were used. The rear of the
frame was connected to the third actuator/lever assembly
via a single spherical joint. This left the entire structure
with a single uncontrolled DOF, so a double arm
arrangement was designed to laterally support the front
of the vehicle with a spherical joint. The design allowed
for the roll axis of the vehicle to be placed easily based
on the location of two spherical joints. The roll axis was
initially chosen to be the same as the suspension roll

axis. This arrangement caused a majority of the mass
to be above the roll axis and was quite violent to the
test rig structure. The roll axis was then moved closer
to frame-body center of mass. This resulted in a much
smoother operating rig and had minimal effect to damage
correlation of the test parts. An additional revision that
was made at a later time was to add 2 additional links.
One was between the rear of the body and the actuator/
lever assembly. The other was a very long arm between
the rear of the body and areaction fixture. This revision
reduced the lateral and fore/aft forces transmitted to the
actuator/lever assembly, improving stiffness and test rig
component life. Motion capability of final test rig was
over 500 mm (20 inches) of vertical motion and more
than 20 degrees of both pitch and roll motion.

With the 2" generation test rig having 3 actuators,
there were 3 control channels for the simulation
software, requiring 3 response signals for simulation.
From findings during the 1% generation preliminary
simulations, it was determined that frame body
accelerations would be the best control signals. Positions
on the frame body were chosen so that each of the 3
accelerometers would be primarily sensitive to only 1
input. Preventing significant cross couplings in the
control/response systems aids in quicker and less difficult
simulations. Due to the frame body structure of the
TRX400X not being very wide in the front, a light-
weight rigid beam with the accelerometers secured to it
was attached to the front of the vehicle. This allowed
for placement of an accelerometer near each of the front
actuator/lever assembly connection points. A coherence
check confirmed the beam mounted accelerometers to be
adequate control signals for simulations with the 2™
generation test rig. A quick try of controlling with the
fender tip mounted accelerometers was also checked, but
as with the 1% generation test rig, coherence was low.
As stated before, maintaining close proximity between
input points and response measurement points aids in
achieving good coherence.

Fig. 2 2" generation test rig

g 520



Using Road Simulation Technology for Durability Verification of Plastic ATV Fenders

5. Additional considerations during simulations

One of the parameters to be considered during
simulation is the range of frequencies that will be
reproduced. With ATVs, the more severe events that
one wants to reproduce are jumps, which require large
amounts of stroke to reproduce the actual events exactly.
When looking in more detail at a jump, it can be broken
up into 4 separate events. The first section is the launch.
This is when the vehicle changes directions to include
some significant portion of vertical velocity. This
typically occurs quickly and can be somewhat damaging.
This is shown by the red zone in Fig. 3. The second
portion is the upward motion portion shown as green in
Fig. 3. This event is not very damaging, but can cover
a vertical motion of 2 m (6 feet) or more. The 3
portion, shown as blue, is the fall. This also is not very
damaging, and covers basically the same displacement
as the upward motion. The last portion is the impact
and suspension oscillations that follow. This is the
orange section in Fig. 3. This high acceleration is very
damaging for inertial loaded parts. So in considering the
jump, damaging events for the fenders occur quickly, or
at arelatively high frequency, while the majority of the
vertical motion occurring at a relatively low frequency
is not very damaging.

An easy way to remove this large, undamaging
motion is to apply a high pass filter to the acceleration
data. The question then becomes how high of frequency
content can be filtered out before integrity of the test
begins to diminish. This can be answered a couple

1-3chM1FENDERGSA06JUMPA_RSP_resampled_fil_EDT_scale, 1, channel 1
150

m/s? 50

1

1, cha

different ways. The field data can be filtered and
compared to unfiltered data through a damage or pseudo-
damage calculation. Another way is drive the test rig
with a sinusoidal displacement, starting with a very slow
frequency and gradually increasing the frequency while
either recording frame to fender tip displacement, strain
on the fender, or simply visually observing the frame to
fender motion.

The upper frequency limit of the band for simulation
is often determined by the design and capability of the
test rig. In order to achieve high accelerations, the rig
was designed to be light. However, with lightness often
comes lower stiffness. This results in lower natural
frequencies of the system. ldeally, the rig is designed
with detailed CAE analysis to optimize this weight/
stiffness balance. Once the test rig is built, it is fairly
easy to determine this upper limit. During the FRF
measurement process, the coherence will become low
once this limit is reached at higher frequencies. This
lower coherence means that it will be difficult for the
simulation software to accurately reproduce the desired
response at higher frequencies. To determine if it should
be attempted to reproduce higher frequencies, the
damage effect of this higher frequency portion of the
data needs to be investigated. This can be done as
mentioned above by filtering the field data and then
comparing the damage back to the unfiltered data. A
quicker, but less accurate way, is to simply look at the
spectrum analysis of the field data, such as an example
shown in Fig. 4. Asseenin Fig. 4, there is substantia
spectrum content in the 50 to 60 Hz range that could

Time (sec)

Fig. 3 Acceleration versus time (top) and velocity versus time (bottom) of frame near front left corner of ATV
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Spectrum analysis of field data acceleration measurements at 3 different locations
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Fig. 5 Pseudo-damage of field and lab data at 6 different locations

cause significant damage, especially for the location
indicated by the green line. Pursuing a simulation to
include up to 60 Hz would lead to a more valid
simulation for this example.

6. Qualifying results

Once the drive files were created, it was necessary
to validate if the simulation was adeguately reproducing
wear and damage. To quantify this, strain measurements
were taken at the same locations as the initial field
measurements. A damage analysis comparison was done
to compare field versus lab results. The target for
pseudo-damage values from lab testing was to be in the
range of 0.5 to 2.0 times damage values from field data.
As seen in Fig. 5, only 2 of 6 channels achieved this
target. The remaining channels were in the range of 0.25
to 4.0 times. In the case of the initial test for the
TRX400X, it was the determined that the damage
correlation was sufficient. An additional method to
verify the simulation was to compare actual damage and
wear to vehicle durability testing. This type of analysis
was done, and confirmed the 0.25 to 4.0 times damage
range to be acceptable. On later projects, limit testing
has become more of a focus. In this case, the field
acceleration data can be scaled to produce more severe
events and accelerate damage accumulation with
relatively accurate results. Through experience with this
and other projects, it has been demonstrated that the
durability verification of plastic ATV fenders can be
done with road simulation technology.

7. Conclusion

A unique test rig and method were developed to
validate the durability of ATV fenders. This rig was

able to reproduce high displacement events such as
jumps as well as higher frequency vibrations. The result
was the creation of an effective method for reproducing
durability testing and quickly evaluating durability of the
ATV fenders.

Remote Parameter Control ™ is a trademark of MTS
Systems Corporation
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Scott Batdorf
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ABSTRACT

A high-strength crankshaft with a high productivity
has been developed. This crankshaft development sought
to balance high fatigue strength, machinability and
straightening ability. Vanadium is known as a
precipitation strengthening element, and the development
focused on the fact the amount of solid solution of
vanadium in steel is dependent on the heating
temperature. A material was developed in which a high
level of strength could be achieved through control of
the normalizing temperature, for which conditions could
more easily be set, rather than controlled cooling
following hot forging. Optimization of the normalizing
temperature helped to enable the achievement of a 30%
or more increase in fatigue strength against the existing
material, while maintaining machinability and
straightening ability.
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Table 1 Chemical composition of conventional alloy steel and developed steel

Steel Grades C Mn S Cr \% Al Pb
Conventional alloy steel 0.23 1.00 0.055 1.00 - 0.016 0.08
Sample | 0.47 0.75 0.048 0.15 0.30 - -
Sample Il 0.45 0.74 0.049 0.30 0.29 - -
Sample Il 0.43 0.75 0.047 0.30 0.15 - -
Developed steel * 0.47 0.75 0.060 0.15 0.30 - -

* Based on Sample |
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ABSTRACT

Elemental addition to a material to reduce its non-
dissolved carbide content while increasing its resistance
to temper softening has helped to increase internal
hardness after nitriding while maintaining its cold-
coiling-ability. Conventionally, high strength has been
achieved by applying nitriding as a surface treatment to
the valve springs, without consideration of the compound
layer. However, when the strength of wire coils, the
hardness of the nitrogen-diffused layer, and internal
hardness are maximally increased, the white layer
becomes the points of origin of breakages, and fatigue
strength does not increase. The white layer was therefore
judged detrimental to fatigue strength, and a nitriding
method was developed that attained nitriding without the
white layer and the achievement of increased hardness
in the nitrogen-diffused layer, which had previously been
incompatible.
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Development of Double-reflection Mirror System for Front-side Blind Spots
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ABSTRACT

A mirror system was developed that enables viewing
of front-side blind spots. This mirror system uses a
double-reflection optics system that eliminates image
inversion and produces intuitive images that help prevent
misconception. The effects when mounted on a vehicle
were verified, and the mirror system was confirmed to
enhance abilities to pull up to curbs and drive through

narrow passages.
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Next Generation Vehicle Safety System Research
via Wireless Communication

Sue Bai”

ABSTRACT

In 2007, more than 41,000 people were killed in traffic collisions in the United States (NHTSA 2007). As the
number of vehicles on U.S. roads continues to increase, and we at Honda continue to research autonomous saf ety
systems, a new area of safety research has emerged — specifically, wireless communication-based active safety
technology. Using wireless communication, vehicles exchange highly reliable, low latency safety messages with each
other and the infrastructure to help prevent collisions. This effort represents a major step toward the goal of “vehicles
that do not crash.”

This paper presents an overview of the projects in DSRC communication based Vehicle-to-Vehicle (V2V) and
Vehicle-to-Infrastructure (V2I) safety technology research. Prototype system development and testing results are

https://doi.org/10.69239/hondatechnicalreview.2010 22 1 12

presented, as well as USDOT proposed further research plan.

1. Introduction

A wireless communication enabled safety system has
the potential to complement or in some instances,
provide alternative approaches to autonomous safety
system.

In 1999, the US Federal Communications
Commission (FCC) allocated a wireless spectrum in the
5.9 GHz frequency range for use by Dedicated Short
Range Communications (DSRC) systems for supporting
Intelligent Transportation Systems. National Highway
Traffic Safety Administration (NHTSA) and automakers
collaborated through the Crash Avoidance Metrics
Partnership (CAMP) Vehicle Safety Communications
Consortium. The potential of Vehicle to Vehicle (V2V)
and Vehicle-to-infrastructure (V2I) communication to
enhance vehicle safety was investigated. In 2006,
reflecting the results of the research experience, the FCC
refined the rules for DSRC to explicitly consider
“vehicle-to-vehicle collision avoidance and mitigation.”

Honda is dedicated to providing our customers with
top level safety features. We are continuously searching
for new solutions to enhance safety for our customer.

Since 2006, Honda R&D Americas has engaged in
cooperative agreements with CAMP to conduct pre-
competitive system development research on V2| and
V2V communication-based safety applications in the
Cooperative Intersection Collision Avoidance System —
Violation (CICAS-V) and the Vehicle Safety
Communications-Applications (VSC-A) projects.

0 HONDA R&D AMERICAS, INC.

2. Cooperative Intersection Collision Avoidance
System (CICAS-V) project

Intersection-related collisions account for 12% of
fatal accidents in the U.S., based on NHTSA Fatality
Analysis Report System 2006 data. The CICAS-V
project focuses on intersection signal violation warning
application through DSRC communication between a
vehicle and an intersection.

The objective of the CICAS-V project was to design,
develop, and test a prototype system to help prevent
intersection collisions by warning the driver when the in-
vehicle system determines a potential intersection traffic
signal or sign violation.

2.1. Concept of operation

The concept is shown in Fig. 1. A CICAS-V
equipped intersection has a Roadside Equipment (RSE)
that continuously broadcasts DSRC messages over the
air. The messages contain the signal phase and timing
(SPAT) of the traffic signal controller output for each
direction of travel, a digital representation of the
intersection geometry (GID) with high accuracy, and the
GPS differential corrections.

A CICAS-V equipped vehicle has an Onboard
Equipment (OBE) that receives DSRC messages from
the RSE as the vehicle approaches a CICAS-V equipped
intersection. The OBE continuously monitors the
distance from the vehicle to the intersection stop bar, the
vehicle speed, the lane of travel, as well as the signal
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phase and timing of the traffic light corresponding to the
lane in which the vehicle is traveling. The OBE then
determines whether the vehicle has enough time to pass
the intersection before the traffic light turns to red. If it
is determined that a violation is likely to occur, the OBE
issues a warning to the driver.

For stop sign intersections, the OBE determines the
potential stop sign violation by calculating whether the
vehicle has enough time to come to a stop before
reaching the stop bar.

2.2. Geometric intersection description (GID)

In order for the vehicle OBE system to determine the
correct traffic signal that the vehicle is heading toward,
an accurate intersection digital map is necessary. In
CICAS-V project, the intersection digital map was based
on a 30 cm level accurate road and lane geometry for
all the lanes and roads near the intersection.

The road and lane geometry in the original survey
data are too large to fit into one DSRC packet size of
1.4KB. Therefore, the geometry information is
compressed into a simplified form, which contains an
array of points that are packaged into a single DSRC
message. The vehicle’'s OBE parses the package and
recreate the accurate intersection geometry map.

Figure 2 illustrates the contents of a typical GID. In
a GID, all geometry points are offsets from a single
reference point with absolute latitude, longitude and
altitude location information, and this point serves as the
origin of the GID coordinate.

Lanes and roads are described as an array of points
with lane width information at each point. The order of

Signal about to turn
red for vehicle

Driver warned if signal

Message to vehicle !
violation is predicted

i

B

Intersection
equipment

Fig. 1 CICAS-V concept of operation

High-mounted antennas
GPS DSRC

DSRC ¥

the points starts from the stop bar towards the outskirt
of the intersection in that lane/road. Each of the lane
points represent the location of the center of the lane or
road. The array of points for each approach covers a 300
meter distance from the stop bar.

2.3. Signal phase and timing

The RSE in a CICAS-V equipped intersection
broadcasts the DSRC message, which contains the SPAT
information in a fixed frequency. Normally the frequency
is set to 10 Hz. The SPAT message contains the current
signal phase, time to next signal phase change and the
approaches that are associated with that signal, for each
of the signals in that traffic signal control unit.

The signal phase information is obtained through the
traffic control unit in real time, and the information is
packaged into a single DSRC message.

2.4. GPS corrections

In order for the vehicle to map itself to the correct
lane in the GID received by the vehicle’'s OBE system,
it is necessary to apply external position corrections to
the vehicle's GPS positioning system. In the CICAS-V
project, the RSE is designed to be able to collect
differential GPS (DGPS) information through an external
high-accuracy GPS receiver, package the DGPS
correction data into a single DSRC packet in the standard
Radio Technical Commission for Maritime Service
(RTCM) format, and broadcast the correction packet over
the air.

Figure 3 illustrates the structure of the GPS
correction module of the RSE system.

Intersection movement
numbering for
correspondence
between GID and §NW|321Wt

Stop locations are
staring point of lanes

@ Intersection
reference point

Fig. 2 GID description

Vehicle roof-mounted
GPS antenna

Correction

OBE information
] | [ —
| Processor
_ NovAtel OEMV
local RTCM
correction enabled
single channel

Improved position
estimates

Fig. 3 CICAS-V GPS correction equipment
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The RTCM 1001 form is selected to be an adequate
form with good accuracy improvement and a modest
over-the-air data volume requirement. In most cases, the
RTCM 1001 correction message is less than 100 bytes.

2.5. OBE system architecture

Figure 4 illustrates the system architecture of the
OBE in a CICAS-V vehicle. Figure 5 shows the OBE
and other hardware installed in a vehicle.

From the bottom of the Fig. 4, the CICAS-V WSU
software service APl module interfaces with the
vehicle's Control Area Network (CAN) to obtain vehicle
information, such as brake status, vehicle speed, and
acceleration. The GPS positioning data obtained from the
on-board GPS receiver feeds into other modules through
the APl module as well. The DSRC radio interfaces
with the radio handler and data demux module, and
sends and receives CICAS-V DSRC messages. The radio
handler/data demux module packages outgoing DSRC
messages, parses incoming DSRC messages, and feeds
the parsed data into other modules for further processing.
The GID module maintains the latest GID information.
The SPAT module parses the signal phase and timing
data and feeds the information to other modules. DAS
logger is a data logging module that records the vehicle
status and other module status constantly for post-
processing.

The intersection identification module determines the
intersection the vehicle is heading toward based on the
vehicle heading direction, current location, and the GID
mapping.

The map matching module determines the most likely
lane and approach the vehicle is traveling and the
distance to the stop bar of that approach or lane.

Once the correct intersection is determined and the

vehicle is mapped on a specific lane and the
corresponding approach with its signal phase and timing
known to the OBE, the warning algorithm module
determines whether a signal violation is likely to occur,
and warns the driver when necessary.

A generic version of a driver-vehicle interface (DVI)
is implemented with a colored intersection icon and an
audible warning output. It receives output from the
warning algorithm module and then issue the visual and/
or audible warning depending on the warning level
determined by the warning algorithm.

2.6. Objective testing

A set of test procedures was developed by the team
and an objective test of the CICAS-V prototype system
was performed in 2008 at the Virginia Tech Smart Road
on a closed test track. Signalized intersections and stop
sign intersections were used for the tests. Both true-
positive and false-positive tests were conducted. The
system passed all tests.

2.7. Conclusion
The prototype system was implemented successfully.
It demonstrated the feasibility of implementing such

GPS receiver
r

=] T
ol
s i ‘ :

W< 1

Vehicle®
interface

. b
- C
DSRE.radio

& main CPU

Data acquisition system
(O1AS)]

CICAS-V application
WSU services

Fig. 4 CICAS-V OBE architecture
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systems in multiple locations across multiple vehicle
manufacturers. The DSRC messages created in CICAS-
V project are incorporated into the SAE J2735 standard
and are being further refined in the next standard
publication.

3. Vehicle Safety Communications —
Applications (VSC-A) project

VSC-A project is a three year project that started in
December, 2006. This project focused on V2V safety
applications. The technology development objectives of
the VSC-A program are to develop scalable and common
vehicle safety communication architecture, protocols and
messaging framework or interfaces necessary to achieve
interoperability among different vehicle manufacturers.
It also seeks to develop accurate and affordable vehicle
positioning technology in conjunction with the 5.9 GHz
DSRC to support most of the safety applications with
high potential benefits, and to define a set of DSRC +
positioning-based vehicle safety applications and
establish a set of minimum system performance
reguirements.

3.1. Application Selection
Based on the 2004 NHTSA’s General Estimate

System (GES) data, the V2V applications such as rear-

end, head-on, angle and sideswipe types are applicable

to approximately 66% of the 6.2 million crashes. Seven
crash scenarios were chosen based on their crash

rankings by frequency, cost, functional years lost and a

composite crash ranking based on the above three ranks.
The following applications were selected to

correspond to each of the selected top crash types:

e Emergency Electronic Brake Light (EEBL) —the EEBL
application enablesavehicleto broadcast aself-generated
emergency brake event to surrounding remote vehicles.
Upon receiving such event information, the surrounding
vehicles determine the relevance of the event and, if
necessary, warnthedriver. Thisapplicationisparticularly
useful when the driver’s line of sight is obstructed by
other vehicles or bad weather conditions, such asfog or
heavy rain.

e Forward-Collision Warning (FCW) — The FCW
application warns the driver of an impending rear-end
collision with avehicle ahead in traffic in the same lane
and the same direction of travel. FCW isintended to help
drivers avoid or mitigate rear-end vehicle collisionsin
the forward path of travel.

* Intersection-Movement Assist (IMA) — The IMA
application isintended to warn the driver when it is not
safe to enter an intersection due to high collision
probability with other vehicles.

» Blind-Spot Warning (BSW) + Lane-Change Warning
(LCW) —During alane-change attempt, the BSW + LCW
application informs the driver when avehicle is detected
in the driver’s blind spot zone, and warns the driver if
the zone the vehicle intends to changeto is, or will soon
be, occupied by another vehicle traveling in the same
direction.

e Do-Not-Pass-Warning (DNPW) — When a driver
attempts to pass aslower vehicle and the passing zoneis
or will be occupied by avehicle traveling in the opposite
direction, the DNPW application informsthe driver and,
if apotential collision is determined, the system warns
the driver.

e Control-Loss Warning (CLW) - The CLW application
enables a host vehicle to broadcast a self-generated
control loss event to surrounding remote vehicles. Upon
receiving such event information, the remote vehicle
determines the relevance of the event and, if necessary,
warns the driver.

3.2. System Architecture

In this project, vehicles equipped with the DSRC
radio and vehicle positioning system periodically
broadcast their location, travel path, and vehicle status
(e.g., brake, acceleration, etc.) over the air through the
DSRC radio. In addition to broadcasting messages, the
DSRC safety system in each vehicle also receives over
the air messages from other vehicles, and then
determines the relevance of the contents in the message
to the safety applications. If a potential collision is
detected, advisory or warnings are presented to the driver
through a common Driver-Vehicle Interface (DVI) in
both audio and visual means.

The DSRC safety system consists of the following
sub-system/modul es:

* Interface subsystem: Vehicle Controller Area Network
(CAN) to OBE interface module, data logger and
engineering graphic user interface

e Communication subsystem: Wireless Message Handler
(WMH), Security Module and DSRC radio

e Positioning Subsystem: GPS module and Forward-
looking cameramodule

e Supporting Subsystem: Sensor DataHandler (SDH), Path
History module (PH), Path Prediction module (HVPP),
Target Classification module (TC)

* Application Module: al six applications

e Threat Arbitration module (TA)

» Engineering Driver Vehicle Interface Notifier (DVIN)
module
Figure 6 shows the architecture design of the DSRC

V2V system. Figure 7 describes the hardware

components of the system.

In Fig. 6, from the bottom, the system interfaces with
vehicle sensor output through the CAN bus, receives
GPS location information from an external GPS receiver
and antenna, transmits and receives DSRC over the air
messages through an embedded DSRC radio, has a
security module that signs outgoing messages and
verifies incoming messages, and has a wireless message
parsing/scheduling module —Wireless Message Handler
(WMH). The received vehicle sensor data, GPS location
data and remote vehicle’'s data are then processed
through the sensor data handler, and feeds into the
Target Classification module (TC) and Path Prediction
Module (PH) to further determine the relative position
of each of the remote vehicles. The applications receive
TC output and determine the relevance of the remote
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vehicle's position and status, and then output the threat
level. The Threat Arbitration module (TA) arbitrates the
threats when multiple threats are present from multiple
applications, determines the ranking of the threats, and
outputs the rankings and threat-relative data to the DVI
module that controls how and when to inform and warn
the driver.

3.3. Sub system design — path history

One of the challenges in identifying surrounding
vehicles' locations relative to the host vehicle (e.g.,
ahead, ahead left/right, intersecting left/right, etc.) is that
the instantaneous position and heading of the remote
vehicle is not sufficient to generate the relative
coordinate due to the road shape. For example, on a
curved road, the leading vehicle may be several meters

distance away laterally at the middle of the curved road
while the host vehicle is just entering the curve in the
same lane. In this case, if only the instantaneous latitude,
longitude and heading of the remote vehicle are utilized
to calculate the relative positioning, the result will point
the remote vehicle toward far right from the host vehicle.
In order to improve the performance on target
classification, the vehicles generate a set of points that
represents the past 300 meter distance of travel, which
is called the Path History. The path history of each
vehicle is then transmitted over the air, to assist the
surrounding vehicle in determining the vehicle's
classification.

Due to the limitation on DSRC bandwidth, the data
exchanged over the air needs to be minimized.
Therefore, the path history object was further refined and

CICAS-V|| EEBL BSW+LCW || DNPW

OTA

vmessages

Ethernet -

Vehicle CAN bus

[Vetic sl roducton |

Fig. 6 VSC-A system architecture
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L

CarPC - security
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Fig. 7 System main hardware components
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compressed using a concise point representation,
depicted in Fig. 8.

The Path History module maintains an array of the
vehicle's recent position and sensor data points over a
certain distance, and computes a concise representation
of the actual path history of the vehicle based on
allowable position error tolerance between the actual
vehicle path and its concise representation. The concise
representation is updated periodically and then
transmitted over the air by Wireless Message Handler
(WMH) module.

After intensive testing, the error tolerance of one
meter was found to be adequate for good performance
of all the safety applications developed in this project.

Figure 9 shows a typical concise path history
representation for a vehicle traveling on an oval track

Path history actual data

Concise point Current vehicle position

Path history data
representation error

Path history concise
data representation

Fig. 8 Path history concise point representation

consisting of straight paths, tight curves with estimated
radius of 279 meters, and wide curves. With one meter
allowable error, for a 300 meter distance path history,
the number of concise points that was required varied
from two points to nine points.

3.4. Positioning

One of the objectives of the project is to develop an
accurate and affordable vehicle positioning solution.
DSRC communication enables the vehicle to keep track
of surrounding vehicles and the potential threat. In order
to determine the potential threat, lane level positioning
precision is required so that the potential threat can be
identified as to which lane it presents.

Two methods are implemented as shown in Fig. 10.
One is to use GPS latitude and longitude data over the
air exchange and difference the current vehicle location
from the over the air surrounding vehicle data. The
second method is to exchange pseudo range data from
the vehicle’s GPS receiver over the air and each vehicle
processes the surrounding vehicle's pseudo range data
and generates high-accuracy relative positioning data
using an onboard RTK engine.

Extensive testing was conducted and the comparison
between these two methods of relative positioning
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solution isillustrated in Fig. 11. In the test scenario, two
test vehicles were driven in the same lane on the straight
road, so the lateral distance between the vehicles was
maintained close to zero. The positioning system was
configured to estimate the lateral distance using Real
Time Kinematic (RTK) engine and using the latitude/
longitude differentiation method (Single point method).
The top plot in Fig. 11 shows the comparison of the
output using both relative positioning approaches.
Although both methods were able to provide less than
one meter error in most parts of the driving, the output
from the single point method was found to be more
sensitive to the differences in the satellite visibility to
each vehicle.

3.5. Performance specification and objective testing

A set of performance specifications for V2V safety
systems were developed. The performance requirements
include a common domain that applies to all of the VSC-
A applications, such as the vehicle types, roadway
characteristics, traffic density, GPS coverage constraints
and weather conditions, the minimum requirements for
the overall correctness of true-positive and false-positive
warnings, and the detailed performance requirements for
each application including the operating speeds, the
detection/warning zone each application shall cover, and
both the true positive and false positive aspects of the
application performance.

A set of objective testing procedures was developed
and the system was tested in June 2009 on a closed test
track at the Transportation Research Center in East
Liberty, Ohio using the objective testing procedures also
developed by the project. The scenarios represent some
of the typical crash types that each application is
designed to help prevent. The performance specification
and the test procedures can be used in the future to test
application performance across different vehicles and
application developers.

3.6. Interoperability and standard development
Another objective of this project was to develop a
scalable and interoperable vehicle safety communication
systems architecture, including channel considerations,
protocols, and security.
The application level over the air data exchange
1

content based on the previous SAE DSRC J2735
standard was implemented. During the project
development, the data contents continue to be refined
and compressed in order to optimize the application
performance while minimizing the over the air data
volume.

The application level message consists of two main
parts:

e Part| - Contains basic vehicle state, such asvehicle ID,

GPS time, location information, motion, vehicle
Size, etc.

e Partll - Contains additional information, such asvehicle
event, path history, path prediction, and RTC
messages that are used to transmit GPS pseudo
range datafor high-accuracy relative positioning
enginein the DSRC safety system.

A DSRC message with Part | is transmitted at 10Hz
frequency as the default rate, while Part Il data can be
transmitted at equal or lower frequency.

The finalized message content is now included in the
SAE J2735 version 2 which was published in November,
2009.

3.7. Conclusion

The VSC-A project was completed in December,
2009. The current implementation of the V2V safety
system performs well in good conditions. The test results
indicate that these types of test applications and systems
potential can be deployed. We anticipate safety benefits
by deploying such a system.

Through the development experience, it is identified
that from the technical challenge perspective, further
work is necessary, especialy in V2V positioning and
security implementation.

4. Next Step

The next phase of the V2V and V2I research is being
planned. The 3-year research plan is shown In Fig. 12.
It focuses on interoperability with larger scale
implementation and is scheduled to start in December,
2009, immediately after the VSC-A project’s completion.
The USDOT’s V2V research plan for the next phase is
shown in Fig.12. It is anticipated that new V2I
applications prototypes will be implemented as well.
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Fig. 11 Comparison of V2V lateral distance estimates
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North America, Inc., Paper Number 09-0118
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(6) Using Dedicated Short Range Communications for
Vehicle Safety Applications — the Next Generation of
Collision Avoidance, Arthur A. Carter, NHTSA, James
Chang, Noblis, Paper Number 09-0330

(7) “Vehicle-to-Vehicle Safety Application Research Plan”,
Ray Resendes, NHTSA.

e000m

gsin



https://doi.org/10.69239/hondatechnicalreview.2010 22 1 13

goon

Joogdootdbbobgtdobootgdood
Juoogdoogdood

Research in Technology for Simulating Dynamic Behavior of Cam Drive Mechanism in
Single-Cylinder Engines

ooooopooe

ooooooo-® ooooooo®

Keiichi DAN Tadashi NIINO Mitsuyoshi KAMIYA

ooooopooe ooooooo-® ooooooo®

Takuro KAWAKAMI Makiko SUGANO Takayuki KONUMA
good ABSTRACT

goobooboobobobooobooooooooooo
goboobobooboboobbooobooobooon
gooobooobooobobbooobooobooboboooboo
gboboooboooooboboboboboboboooo
gboboooooooboobobooboboboboooo
gooooooooooboooobobbbboboooooo
gbobooooooobooboboboboboboooog
gbobooboobbbobooobooboboboooooo
goboboooboooooooboboooooooboobooooooo
goooooooooooooboobobbobobobooo
gboboooboooooboboboboboboboooo
gobooboooooooooboooooooboboooooo
gbooooboobobooooooboboooo
gbobooooooobooboboboboboboooog
gooo

A technology has been established for theoretical
evaluation of timing chain systems, including drive loss
and slapping noise at idling engine speed, in single-
cylinder engines. To date, almost no theoretical evaluation
reports have been published about drive loss and slapping
noise in cam drive systems including timing chains. The
specifications for tensioner lifters and tensioner guides that
satisfy slapping noise and friction loss requirements have
therefore been determined only through tests with actual
engines. The highly accurate mechanism simulation model
developed in this research is populated with data obtained
through bench tests with actua engines. This includes the
static and dynamic characteristics of the cam chain and
tensioner guide as well as the cam sprocket and cam chain
contact stiffness and friction coefficient. The results have
confirmed a high correlation at the absolute value level
between the simulation values and the actual engine test
values for the load generated when cam chain slapping
noise occurs as well as drive loss in the cam chain system.
This research enables examination at the initial design
stage of cam chain systems intended to achieve a high-
level balance of enhanced fuel efficiency and low noise
in engine performance.
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ABSTRACT

Class A data (or Class A surface data) is high-quality
surface data used to express product styling. During the
process of design development of four-wheeled vehicles,
Class A CAD is used to generate Class A surface data
based on 3D scanned data from clay models. An original
CAD system for the generation of Class A styling data
has been developed in order to respond to the increasing
complexity and diversity of shape expression in four-
wheeled vehicle styling, and at the same time to increase
the precision of Class A data and the development
efficiency of the process of generating Class A surfaces.
The new system has displayed positive results in the
areas of shape expression, shape accuracy, and
development efficiency.
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Fig. 11 Curve editing
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Table 1 Modeling time by parts (hours)

Production model Recent model Past model A Past model B

Applied system New system Past system Past system
Modeling time of parts L 235h 823 h 340 h
Modeling time of parts M 134 h 188 h 440 h
Modeling time of parts N 125h 225h 169 h
Total modeling time 494 h 1236 h 949 h

Table 2 Reduction ratio by parts (%)
Model vs. Past model A vs. Past model B
Reduction of modeling time
0, 0
(total time) 60% 48%

% = (Past model X - Recent)/Past model X

Table 3 Modeling time by styling phase (hours)

Production model Recent model Past model X Past model Y Past model Z Ave.(X,Y,Z)
Applied system New system Past system Past system Past system Past system
Styling phase P 92 h 190 h 129 h 182 h 167 h
Styling phase Q 202 h 823 h 340 h 230 h 464 h
Styling phase R 932 h 2204 h 1029 h 1453 h 1562 h

Ave.(X,Y,Z) = (X+Y+Z)/3

Table 4 Reduction ratio by styling phase (%)

Phase Phase P Phase Q Phase R
Reduction of modeling time 0 0 0
(average for phase) 45% 56% 40%

% = (Ave.(X,Y,Z) -

Recent model)/Ave.(X,Y,Z)

Table 5 Analysis of effect by main functions implemented on new system

) Computing time* Computing time* Reduction of
No. Function Model in past system in new system computing time
1 Fitting surface on measured mesh Fig. 17 (a) 13 min. 3 min. 77%
2 Fillet surface (Class A) Fig. 17 (b) 14 sec. 3 sec. 79%
3 Blending surface (Class A) Fig. 17 (c) 18 sec. 2 sec. 89%
4 Matching surface (Class A) Fig. 17 (d) 64 sec. 35 sec. 45%
5 Global deformation (Deformation) Fig. 17 (e) 15h 15h 90%
6 Highlight control (Deformation Fig. 17 (f 1h 43 sec. 99%
gnlig 9

* Computing time represents the total computing time for iterative operations.
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In order to satisfy a development target for a 50%
reduction in the man hours expended in the generation
of Class A surfaces, the development of the system
discussed in this paper focused on three phases of
modeling leading to the completion of Class A surfaces.
New technologies were developed to innovatively
increase work efficiency in each area, and these were
realized as CAD functions. This paper will discuss the
technologies that helped to realize the functions that have
had the greatest effect on performance.

First, for the generation of basic surfaces fitted over
scanned clay model data, a technology was developed
that defines surface behavior and quality as an
optimization model based on hints from the stiffness of
physical plates. The solution of the optimization model
generates high-quality fitting surfaces.

Next, the computational algorithms for the generation
of the fillet surfaces that represent approximately 10%
of the number of Class A surfaces were fundamentally
revised, resulting in a simultaneous increase in speed and
accuracy.

For the final phase of Class A data generation, a
target-driven modeling (TDM) function was realized that
helps enable designers to make minor adjustments in
accordance with their aesthetic judgment. This function
has increased the efficiency of finishing work for Class
A surfaces, which demands the expression of finely
detailed design shapes.
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ABSTRACT
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ABSTRACT
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ABSTRACT

The DSS system operates on CAD software
(hereafter, “CATIA V5”). It inputs the drawing history,
components and other management information
(hereafter, “parts management information), compares
this information with the information of the technical
parts table system (hereafter, “NEWS”") that
comprehensively manages basic automobile product
information, and checks for compatibility between the
two.

An interface was developed to efficiently input parts
management information, and the series of tasks to feed
back the results of the compatibility check with NEWS
to the drawings and correct the drawings was automated.
In addition, security measures, when connecting with
external networks, were strengthened, enabling the DSS
system to be used not only by Honda R&D Co., Ltd, but
also with suppliers’ system environments via the internet.

This effectively reduced the drawing creation and
issue processing time needed for designers to create and
correct drawings by approximately 35% compared to the
CATIA V4 drawing support system.
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ABSTRACT

An internal EGR system was devised that opens and
closes an exhaust valve dlightly at the beginning of the
compression stroke, or between the end of the intake
stroke and the beginning of the compression stroke.
When this valve timing is used, the fresh air-fuel mixture
charging rate shows practically no decrease because the
action occurs when the intake stroke is more or less over.
Sufficient burnt gas for NOx reduction rapidly flows into
the cylinder because the in-cylinder pressure is negative.
The thermal energy and turbulence kinetic energy of the
burnt gas activate the air-fuel mixture in the cylinder.
Therefore, this system does not require variable valve
timing, and it was designed to use a solenoid to operate
an EGR cam that is located on the same shaft as the
exhaust camshaft. As a result, the system achieved
favorable drivability while reducing NOx by
approximately 50% and reducing CO by approximately
20% in the Euro 3 driving mode. Significant reduction
of NOx also enabled a reduction of approximately 70%
in the catalyst volume needed to satisfy Euro 3 exhaust
emissions standards.
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Table 1 Engine specifications

Items Specifications
Engine type _ 4-strokel]
Single-cylinder
Cooling type Liquid cooled
Bore x stroke (mm) 50.0 x 55.0
Displacement (cm®) 108
Compression ratio 11.0
Valve train SOHC
Inlet $25.5x1
Valve diameter (mm)
Exhaust $21.0x1
Max. power (KW/r/min) 6.6/7500
Max. torque (Nm/r/min) 9.3/6 000
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Fig. 1 EGR cam actuation mechanism
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Fig. 2 Exhaust valve lift curves during actuation of
EGR cam
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This research involved creating a method for
analyzing the contribution of the skirt and rings to the
friction force of the piston assembly, and implementing
such analysis. The contribution analysis was carried out
by identifying the respective Stribeck curves for the skirt
and the rings. The results showed that the skirt is in the
fluid-lubricated region and the rings are in the mixed-
lubricated region of the curve. The results also made
clear that the friction force of the skirt is the dominant
component under high-speed, low-load conditions, in
particular.
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Table 1 Engine specifications

Engine type 4-stroke

Number of cylindersO 10

Bore (mm) x Stroke (mm)d | 186 x 860
Compression ratio 9.8

Crank offset (mm) 0.0

Cooling system Water - cooled
Camshaft SOHC

Valves (IN/EX) 11

Lubrication oil SAE 0W-20 (80+1°C)
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ABSTRACT

Creating an appropriate design for gear strength in a
planetary gear set requires that manufacturing errors be
grasped statistically and that the distribution of torque
to the planet gears due to manufacturing errors be
projected. This article describes the derivation of an
expression of relation between manufacturing errors and
the torque applied to planet gears in a common n-planet
planetary gear set. As aresult, a formula expressing the
distribution of torque to the planet gears could be
obtained. Tests were also conducted to verify the
relational expression, and its validity was confirmed. In
order to project the distribution of torque, it was
necessary to estimate the stiffness of the planetary gear
set in the relational expression. Those stiffness values
were calculated by numerical analysis using a 3D finite
element model (FEM) to which the plan values and
material property values were entered. The accuracy of
the estimated stiffness values was verified by testing, and
it was confirmed that the stiffness values could be
estimated with a high degree of accuracy. Given the
above, the distribution of torque to planet gears due to
manufacturing error in a common n-planet planetary gear
set could be estimated with a high degree of accuracy
using only estimated data obtained by desktop methods.

gooogd

gboobooboboboboobooboooooooboan
gboboooooooboobobobobobooooo
goooooboooooobooooooooboobooooooo
gbgobooooooobooboboboboboboooog
goboobooobooooooobobooooooobooboooooo
ogboboooooooboobobobobooooooo
gbobooooogoo

gooboobooboboboobooooooooobooo
gboboooooooboobobooboboboboooo

gboor&DOOOO

goboboooooooooobooooooooboboooo
gobbooooooooboobooooouoobobooooogog
gbobooooooobobobobobobooboooo
gobbooooooooooboooooooboboobooooo
gbobooooooobobobobobobooboooo
gooood
gbooboboboobobooooboooboooooboooboon
gooboooooooboboboboboboooooo
gobooooooooooobooooooooboooooon
gooboooooooboobobobobobooooog
gobooooooooooobooooooobooooon

0 1500



gbogoboobooooooooboobooboobon

gboboobooooboobobobobooobooog
gbobobobobooboobooooooooobooo
gbobooboooobooobooooboboboboonoo
goooboobooooooboobooooooboboooooo
gbobooboooobooobobooboboboboog
gbobogoooooooobooboboboboooooo
goooboboooooooboooboooooobooobooooo
gobooboboobobooobboooboooboooo
gboboobooooboooboooobobobooboooo
gbobooobooooooobobooboobobobooonog
gbobobooboo
gboboboboboobbooooooooooooo
gboboobooooboooboobooboboboboooo
ooooooooo"oooon00O0b0OCO0ODDO
gooobobooooooobobooboooooobooboooo
gbooboooooogo
gbobooobooooboobooobooboboooboo
gbobogooboooooooboboobobobobooog
gboboobooooboooboobooboboboboonoo
goooobooboooooobooooooooboboooooo
gboboobooooboooboobooboboboboog
gbobooooooogoog
gbobooooboobogonnbobobooobooboaon
gbobogobooooooobooboobooboboboonog
goboooboboboooboobooboooboooboon

goboboooooooon

oo oooPrmooooo0oo0oooooooo
gbobogobooooooobooboobooboboboonog
gboboobooobooboooboooobobobooboooo
gbobogoboooooooboobooboboboboog
gbobooboooobooobooboobobobobooog
ogbobooboooooooboooboobobobooog
gooobobooooooobooooooooboobooooo
gboobogooboooooooboobooboboboboog
gboboobooobooboooboooobooboboboonoo
goooobooboooooobooboooooooboboooooo
gboboobooooboooboobooboboboboog
gboboboooboobo ngbOobOobobooboog
gbobooboooboobooobobooboboboboonog
gboobooobooooooobobooboboboboooo
gobooboobooboboobobooboooboooooboon
gbobogoobooooooobooboobobobobooog
gbobooboboobooobooooboobobobonoo
gboboobooooooobobooboboboboooo
goooboboboooooobbooooooooboooboooog
gbobogooooooooboobooboobobooooo

gobooooboooooooboobooooooooboooooo
gbobooooooooobobooboboboboooog
gbobooobooooobooboobooboboboboonoo
gooo"nOo000ooOo00oooooooooooo
gooobd

21. 0000000000000

n0 0000000 O0DOOOO0ODOOOOODOOjoO00
goboobobooooooboobooboobooboon
j00DO0o0000DOOo000ooDooo0ooooboooooo
god ESDijDDDDDDDDDDDDDDDDDDD
oooooooon g, 00000000000

E1p = —Cpy 1o 000
gooo
apjDjDDDDDDDDDDDDDDDDDDDD
oo

i 000000,0000000000000000
0000000MO000000000000
000000

i 00000,00000000000000000
000000@MO00000000000000
0ooO

00000000000000000000000
00000000000 &,0 ¢, 000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
£, 0000

£p; = —8p0y " Iy ooo
oooo
8y =gy +ig ooo
T
iy = 8y /8, nod
0ooo

O00O0OFg. 1 00000000 OOOOOOOOOO
gbobogooboooooooboboobobobobooog
OO0O000 Planetl 00 O0O0O0O0OOOOOOOOOOOO
goooooboooooobobooboooooooobooboog
gboboooboobooboboboooon

22.0000000000D000
gboboboboboobooboooooooooboo

01510



Honda R&D Technical Review

Vol.22 No.1 (April 2010)

gbobooooobooobobobobobobooboooo
gboboooooooboobobooboboboboooog
gboboboooooboboboboobooooo
goooooboobbooooooooooooooooo
goboobooooooooooboooooooboobooooo
goboboooooooooobooooooboboooooo
gobobooooooooobooboooooooboooooo
gbobooooooobooboboboboboboooog
gboboboooooboobooboboooooo
O000CFg.1 OO00ODOOOO0ODOOODDOOODDOO
O0o0o00o00DO0oo0oooO Planet1 0O0O0O0DDOO
0000000ooooO0O00Org. 200000000000
O000Fg. 10000000000 Planet1 OODDOO

ase circle of planet gear

Not in contact

N

Planet gear position

Not in contact

Fig. 2 Carrier translation

without carrier translation

000000000000 000 Plenetl 0000000
00000 Planet300000000000000000
0000000000000000 Planet1 O Planet3 O
00000000000000000000000000
00000000000000000000 Planet2 O
Planet4 0000000000000000000O0DO
00D000000000000000000000000
000000000000000000000000000
0000D0000000000000000000 Planet
10000000000000000000000000

00000000000000000,;00000000
000000000000000000000 ¢ 0,0
00000000000 000000000000000
O ¢, 00000000000

Coy =—C gy 00O
Cp =—C i ooo
0000

c00000O0O00DO00D0oO0O0oOo0ooOoooooo
gbobooooooobooboobobob
gooo
uobooooobooooooood ¢, 000

Coy = —aC - I 000

gobobogooboooooooboobooboboboboonog
gboboooobooobobobobobobooooo
gobobooooooobobobobobobooboooo
0O RCL.OOOOOOOOOOOOO

RCL, = [¢| 0100

23. 00000000
00o0o000DbO0O00bOO00O00Ore.3 000000
0000000000 0000k 00000000000
goboboooooooobooboooooooboboobooooo
gobooboooooooooboooooooboboooo
goboboooooooobooboooooooboboooogoo
00k, 0000000000O000D00O0O00O00DO0
gobooooooooooooooooboboooooog
goboobooooooooobboooooooboboooo
gbobobooooboobooboboboooo
j00df0o0ooooooouoooooooooog
oooboOobOoDgj0ooooooooooooooo
ooooooooooooOooooojoooooooo
ooooooooooooooooooooonnDn xg,
oooooooojoooooooooooouooooo
uooooooboboooodx, 0000000000

0 1520



gbogoboobooooooooboobooboobon

00000000000000000000000000 000D MOo00D0000000o
00000000000000000000000000 . .

00000000000000000000f,0000/ i = Koo 65+ Gl o8
000D000000000000000 f,000000 = Kol a5+ G .

gbobooboooobooobooboobobobobooo
oopbooooobgo gpooo

fSPJ-DjDEIDEIDDDEIDDDDDDDDDDD

f = . 0110 =
o = KeXer fp0j000000000000000000
_ oooo
e = kX 0120
000x, 0 x, 000000000 x, 0000 24.00000000
0000000000000 0000 0001800 1900
Xp = Xepy + Xipi 0130

gboboooogooo
Mnoni0ormoojo0ddoobogooooo

n
D000 f, 00000000000 E&MH”W“M%%:E 2000
=
oy = Ko, 0140
000000000000000000000000000
0ooo 000000007,0000000000000000r,,
0ooo
Kp = kekip/(Ks + Kip) 0150
n
0ooo EQ(XP + g + Cp)lps = T 0210
0000000000000000000000000 =
D00000D000x, 00 ¢, 0 ¢, 000000000 0ooo

0000000000000 X%00000
25.000000000DbO000O0DODbOO

Xp = Xo + & + Cp 0160
! ! ! 000000000000 000o0o0ooooooon
oooo ooooooo
M16M00f, 00000000000 0ooo0oo
foy = Ko(%p + & + Cp) 0170 - _(1
PLT 0220
0000000000000 000000
- (cos(2(j-1)/n)
A7\ sin2(i-1)/n) b 230
0ooon
(0002000230 00
o= 2u/(nay)
vi(na,) 0240
Ooooooooon
n
u :Z ed, cos(2z(h-1)/n) 0 250
=1
n
v= Z Ed, sin(2z(h-1)/n) 0 2607
=1
oooo
Fig. 3 Stiffness model of planetary gear sets Doo00modnraD210024M 0000000000

0 1530



Honda R&D Technical Review

Vol.22 No.1 (April 2010)

gobooobooboobobooobooobooobooobooobogon

foy = Tol(nrgd + KB, 0270
gogo
n
Ep = & — [UPJ +Vy +;th/” 0280
Uy, = 2u cos(27 (j—1)/n) 0290
V= 2v sin(27 (j-1)/n) 0300

D000000M28MO0000000E, 00,0000
000000000000000000000

M7 00;0000000000000T,0000
00000000 r, 0000

Tey = (TsFge)/ (Nreg) + KprgpEpy 0310

gboboooboooooboboboboboboboooo
gbobgooooooboobobobobobobooonoog
gooooooOooOoOooOooooOoOogjooooooo
ooobooooon g, 00000bo00oon

00o00oooooddbebO00Ooooooooon
gboobogoobooooooooooomsioooooo
gboood

f(Ts) = (Uy/270)exp(—(Ty —m)?(20%)) 01320

gpooo
m= (Tsrgp)/(Nrgg) 0330
0 = &Kol g/ (N-3)/N 0340
Oy = /6 0350
gooo

gooogd

gboobooboboboboobooboooooooboan
gboboooooooboobobooboboboboooog
goboooboobooooooboboooooobobooooooo
oooooooooboooooooooook,ooooo
gbobobooboooobonoo

gooboobobobobooboooooobooooon
goboboooooooooboooooooboobooooo
goboobooooooooooboooooboboobooooooo
gbobooobooobooobobobooboboboooboooo
goboboooooooobooboooooooboboooooo
gbobooooooobobobooboboboooboooo
00o0000o0o0oo0oooooooooooooooKk,

Table 1 Planetary gear set specifications

Term Sign Value

Number Sun gear Zs 30

of teeth Planet gear z, 23
Internal gear Z, 78

Normal module M 1.3

Normal pressure angle o 20 deg
Helix angle B 20 deg
Center distance a 37.1 mm
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Table 2 Pin hole displacement of test carriers

Pin hole displacement
um
Carrier Planet 1 Planet 2 Planet 3 Planet 4
dx dy dx dy dx dy dx dy
A -1.5 40.2 0.5 -9.2 1.7 -3.3 -2.5 -5.4
B -25.9 -2.0 -30.5 -8.6 -24.6 -16.5 -17.9 91.1
C -11.6 25 -23.6 89.9 89.5 -20.9 1.0 -108.8
D -20.4 3.0 -19.8 3.1 -19.1 54.4 -20.1 4.2
Table 3 Projected error of test carriers
Projected error
um
Carrier Planet 1 Planet 2 Planet 3 Planet 4
EF‘l EPz EP3 EP4
A -21.8 21.8 -21.8 21.8
B -3.3 3.3 -3.3 3.3
C 7.7 -7.7 7.7 -7.7
D 24.0 -24.0 24.0 -24.0
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The V-surface angles of the elements of metal-
pushing V-belts were focused on, and an optimum angle
was studied, in order to increase both torque transfer
capacity and torque transfer efficiency in a CVT. The
resulting reduction of the element V-surface angles from
11° to 9° produced an increase of approximately 20% in
torque transfer capacity, and an increase of
approximately 0.5% in unit efficiency in the OD ratio
(close to a speed ratio of 0.45). With regard to the
fatigue strength of the belt, measurements of the force
between the shafts and durability tests showed that the
ring tension is reduced and torque transfer capacity is
increased in proportion to the degree of narrowing of the
V-surface angles of the elements. The torque transfer
efficiency of a metal-pushing V-belt is affected by the
maximum level of variation in belt trajectory, as
represented by the difference between the maximum and
minimum values of the movement of the belt in the
radial direction on the pulley. The research discussed in
this paper indicated that control of the degree of
variation in belt trajectory reduced friction loss due to
the slip-motion of the belt in the radial direction, thus
increasing torque transfer efficiency.
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ABSTRACT

A technology for the prediction of tooth root bending
stress that considers changes in the gear meshing
position has been developed to help enable accurate
evaluation of the tooth root strength of hypoid gears used
in drivetrains. The gear sets in actual vehicles are
supported by a number of other components, and
deformation of these components in operation produces
different gear meshing positions to those observed when
the gears are unloaded. These changes in meshing
position increase the stress on the tooth roots. A hypoid
gear tooth root stress simulation that considers the
stiffness of the supporting components was therefore
developed. This technology displayed a good correlation
with measurement results for stress distribution along the
tooth bottom in the direction of the tooth width and for
maximum stress val ues.

Strength evaluations based on tooth root stress
obtained in this way also increased the accuracy of
prediction of the lifespans of hypoid gears.
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ABSTRACT

The range of three-cylinder drive can be increased in
order to boost the fuel efficiency performance of V6
cylinder-on-demand engines. The use of three-cylinder
drive increases the combustion pressure per cylinder, and
also increases engine vibration not only at the
fundamental order of combustion, but also at higher
harmonic frequencies. A new active control engine
mount (ACM) system was developed to respond to this
higher harmonic vibration in order to satisfy commercial
demands for noise and vibration (NV) performance. The
operation of an ACM generates higher harmonic
vibration other than the vibration produced by the
engine. The new ACM system applies sine-wave drive
control and multi-order frequency control in order to
reduce these two forms of higher harmonic vibration. In
addition, the use of a regenerative circuit has reduced
heat production, helping to enable a reduction in size of
the electronic control unit to be reconciled with
reliability. Tests of the system in an actual vehicle
showed that NV performance was increased even when
an expanded range of three-cylinder drive was employed.
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ABSTRACT

On-car motor quantities and applications have tended
to increase in recent years. This is increasing the total
size and weight of motors per vehicle, and operating
environments are also becoming more severe, including
mounting inside the engine room, resulting in an
increasing trend towards replacement with compact,
lightweight brushless DC motors that have better
durability under harsh environments. However, as phase
current and rotor position sensors are generally needed
to control brushless DC motors, the cost tends to rise and
reducing cost is an issue. An algorithm was therefore
constructed with the aim of reducing cost while
maintaining brushless DC motor performance and
reliability. This algorithm estimates both the phase
current and the rotor position, without using phase
current or rotor position sensors, by using the DC current
sensor for fail detection that was originally present in the
controller, and the motor drive voltage information. The
newly constructed method provided prospects for
reducing brushless DC motor cost.

gooogd

gobobooobooboboboobooooooooobooon
goboboooooooobobooooooboooooooo
gobobooooooobobobobobobooooo
ggododoooooooobooooboobooboobobbobobooboo
gobooboooooooobooboooooooboboobooooooo
gobobooooooooboooooooooboobooobooooo
goooooompcoooboogbooobooobon
gboobooooooobobobobobobooboooo
goobooswLbcooboooooooboooooogon
goooooosLbCcOO0OOO bDCcOoOoooOooooOoOd
gobobooooooobobobobobobooboooo

gbodr&bOOOO

gbobobobooobooobooooooboboboonog
gbobobobooboooboooboobooobobobobo
gbooboooooooogoo

goooo BLbC OOOO bCcOoOoOoooOoOoDOO
gboboboboooooboooooboboboono
gboboboboobooobooooooboboboono
gboboboobooobooooboooooboboboobo
gbobobobooboooooooobooboboboono
gooo

gboboobooboboboboobooooooboooon
oo0o00oooooEePeegoooo0oooooooo
goooooOooOooOoOoOoOoOoOoOoOoOoOom "OoOoo
gbobobooooooboooboboboboonoog

01790



Honda R&D Technical Review

Vol.22 No.1 (April 2010)

Table 1 Motor classification by use

Power use

Servo use

Control Torque control

Speed control; Position control

Household electrical O
appliance;]

Specific examples Factory automation

Car application

Household electrical O
appliance;O
Factory automation

Car application

Vacuum cleaner;]
Washing machine

Oil pump;O
Water pump; Fan

Robot Variable lift system
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Table 2 Relationship between basic voltage vector VO+OVw-OVu+OVO- 000000000 Te[m-1]0 O O
and detected current (ldc)
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ABSTRACT

A technology for the application of MAG-laser
hybrid welding that enhances the axial collapse column
energy absorption during a collision was developed.
Taking advantage of the gap weldability that is a
characteristic of MAG welding and of the penetrability
characteristic of laser welding, this MAG-laser hybrid
welding technology resolved issues that conventional
laser welding could not readily address, such as lap
welding Zn-coated materials together, and welding areas
where there are gaps.

The axial collapse column energy absorption during
collisions obtained in drop weight tests using hat-shaped
specimens on which this MAG laser hybrid welding
technology had been applied was approximately 40%
greater than that absorption when spot welding had been

applied.
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Table 1 MAG-Laser hybrid welding conditions

YAG-Laser power 3.5—4.0 kW
Focus radius ®0.6 mm
Defocus distance (DF) —2 mm
Travelling speed 250 cm/min
Arc current (MODE) 250 A (CMT)
Arc torch angle 25°

Shielding gas Ar+20%CO>
Distance of laser and arc (DL) 2.0—3.0 mm

000000 Cold Metal Transfer: ® CMTO OO OO
g'cMT.0 0 0000000000000 O00000000
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Table 2 Drop weight test conditions

Iltem Conditions
Drop weight 324 kg
Drop height 9.84 m
Crash speed 50 km/h
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