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Environmental Synergy

Life is a precious gift and protecting it should be an inextricable part of any human activity.

To protect life we all collectively need to care about preserving nature.

This notion is always a vector around which Honda products are developed.

[ am proud that I work for a company that always strives for the perfect balance between nature and technology.
The inspiration for the cover came from the ‘marriage’ between technology and environment:

Many different Honda products, all combined together as a synergy to sustain the environment.
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Style and Design of FCX CLARITY
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The FCX CLARITY, anew fuel cell vehicle (FCV),
has a package layout and design that make full use of
one of the FCV'’s great advantages, that of a freedom
of package layout with distributed powerplant
components. On top of being a zero emissions eco-
friendlier vehicle, the FCX CLARITY was developed
with the goal of creating a next-generation sedan offering
new value and appeal, joy of driving, and pride of
ownership. The eye-catching design was meant to give
a glimpse of the future in a way that makes it instantly
recognizable as different from that of an internal
combustion engine vehicle. This includes the exterior
design that achieves new proportions with short nose and
long cabin with its configuration of dynamic surfaces.
The resulting new form is completely unlike that of any
conventional sedan. The interior was designed ahead of
its time, optimizing its wide open cabin space to create
spacious and comfortable personal space, and a cockpit
which gives a new sense of fun with futuristic features.
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Honda has developed a new fuel cell vehicle in order
to respond to global warming and energy issues. The
new vehicle, the FCX Clarity, displays enhancement in
driving performance and fuel efficiency against previous
FCX, and embodies a new appeal not available in a
reciprocating engine vehicle. The key to the Clarity’s
development was the achievement of size and weight
reductions and increased efficiency in the fuel cell
powertrain.

The FCX Clarity’s fuel cell powertrain has Honda's
proprietary V Flow FC stack at its core, and displays a
weight power density 2 times higher and a volume power
density 2.2 times higher than the powertrain of the
previous FCX. In addition to increasing maximum power
to 100 kW, the V Flow FC stack achieves a 50%
increase in volume power density and 67% increase in
weight power density against the previous FC stack.
Startability at low temperatures has also increased, with
the vehicle able to start at -30°C.

The maximum power of the Clarity’s drive motor has
been increased to 100 kW. In combination with the
provision of power assist using a lithium-ion battery, this
has enabled the realization of a smooth, powerful and
continuously extendable acceleration feel. The increased
efficiency of the powertrain and superior energy
management have resulted in the achievement of a 60%
operating energy efficiency, and the vehicle displays a
fuel economy 2.1 times higher than that of a compact
gasoline vehicle, and 1.4 times higher than that of a
compact hybrid vehicle.
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Table 1 Major specifications

Model FCX Clarity 2005 model year FCX
Length/Width/O | 4845 x 1845 x 147004165 x 1760 x 1645
Height mm mm
Wheel base 2800 mm 2530 mm
Vehicle weight 1625 kg 1670 kg
Number of O 4 4
passengers
Maximum speed 160 km/h 150 km/h
Range (EPA O . .
combined label) 280 mile 210 mile
Maximum motor by 55 vy 1136 PS] | 80 kW [109 PS]
power
Maximum motor [ 256 Nm O 272 Nm 0O
torque [26.1 kgm] [27.7 kgm]
Fuel cell stack PEMFC PEMFC
Power assist Li-ion battery Ultra-capacitor
Hydrogen supply 0|  High-pressure [ High-pressure [
system hydrogen tank hydrogen tank
Hydrogen [ 35 MPa 34.4 MPa
pressure
Hydrogen [ 171L 156.6 L
storage volume
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Table 2 Comparison of drive motor performance

FCX Clarityd)  |2005 model year FCX
Max. output 100 kWO 80 kWO
Max. torqueld 256 Nm[ 272 Nm[
Max. rpm[] 12500 mint0 11000 mint0
Max. efficiency] 97 %[ 97%[]
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ABSTRACT

In order to achieve weight savings, increased
compactness, and higher power output from the fuel cell
stack that functions as the core technology for a fuel cell
vehicle, Honda has employed a unique configuration in
the development of its new V Flow FC stack. The
development of the new FC stack has enabled the
realization of a V Flow FC platform in which the FC
stack is positioned in the center tunnel. This has in turn
enabled the use of a full sedan layout.

Based on a V Flow cell structure and wave flow
channel separators, and employing a one-box stack
configuration, the V Flow FC stack achieves a 50%
increase in volume output density and 67% increase in
weight output density against the previous FC stack. In
addition, the new configuration has increased water
drainage capacity, which has reduced heat mass and
resulted in enhanced low-temperature startability.
Continuous production and automated layering of the
MEA and separators that comprise the cells, in addition
to a reduction in the number of parts, have enabled the
achievement of increased productivity.
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Table 1 Evolution of Honda fuel cell stack

Release year 1999 2003 2006
Appearance
Output 60 kW 86 kw 100 kw
Volume 134 L 66 L 52 L
Weight 202 kg 96 kg 67 kg
. Fluorine electrolytic membranel]] Aromatic electrolytic membranelJAromatic electrolytic membrane
Electrolyticl | operating temperature: Operating temperature: Operating temperature:
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An electric shift system has been developed for the
FCX Clarity, a vehicle incorporating numerous Honda
advanced technologies. Optimizing the size of the shift-
by-wire (SBW) shifter and setting an operation load and
stroke that make the shift easy to use has enabled the
realization of an advanced design. A parking actuator has
been used to lock and release the transmission parking
gear, and control by means of an electronic control unit
(ECU) has enabled the achievement of fast
responsiveness. The engineering of redundancy into the
SBW shifter and parking actuator control unit has helped
to ensure reliability. In addition, an aternative means of
operating the parking gear has been provided in the event
that the battery stops supplying power.
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ABSTRACT

Heated and cooled seats have been developed using
Honda' s new “bio-fabric” material as a covering in order
to enable adjustment of the vehicle cabin temperature for
occupant comfort in an environmentally-friendlier
manner that is appropriate for the FCX Clarity fuel cell
vehicle, a vehicle that realizes the ultimate in clean
performance. Thermo-control devices have been
positioned in the cushions and backs of front seats (both
U.S. and domestic specifications) and rear seats.

These devices heat or cool air taken in by a blower,
and the air is then directed towards the covering structure
of the seat, which has been rendered permeable.
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ABSTRACT

A Power Drive Unit (PDU) has been developed for
the 2009 model year FCX Clarity that conforms to the
“Dynamic Full-cabin Sedan” concept established for the
vehicle.

In previous models, the PDU and the driving motor
were mounted separately and were connected by
exposed, waterproof high-voltage shielded cables for the
distribution of electric power. The newly developed PDU
has been integrated with the driving motor, and the
three-phase power lines are connected internally. The
new configuration was enabled by the use of FEM
simulations in order to develop measures to counteract
wobbling, the use of vibration tracking analysis to
counteract motor vibration, the employment of cooling
terminals to reduce heat transfer, and the adjustment of
the level of electrostatic coupling between the control
circuits and the PDU case in order to reduce electrical
noise.

In addition, the size of the PDU itself has been
reduced by the miniaturization of components and the
use of a high-density layout.

As a result of the measures indicated above, the
height of the PDU and the driving motor in the motor
room has been reduced by 240 mm. This has contributed
to the realization of the body design concept of the 2009
model year FCX Clarity.
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ABSTRACT

A lithium ion battery system was developed for the
fuel cell vehicle Honda FCX Clarity.

This system achieves output power better than the
ultra-capacitor mounted in the previous Honda FCX, and
enhances both starting acceleration and fuel economy
performance by increasing the energy recovery rate. In
addition, durability and reliability requirements are also
satisfied by performing appropriate battery cooling and
control.

Regarding mounting in a vehicle, this system is 40%
lighter and 50% smaller by volume than the previous
Honda FCX system, and mounting the system under the
vehicle floor results in expanded cabin space, which
increases vehicle appeal. In addition, the new system
also realizes increased resistance to environmental factors
such as water and dust.
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ABSTRACT

In order to save weight and increase productivity, the
FC subframe developed for vehicle mounting of the fuel
cell system employed in the FCX Clarity fuel cell
vehicle is constructed from both extruded and cut parts
produced from 6000 series aluminum alloy. Friction stir
welding (FSW) was used to weld the main structural
parts of the subframe. FSW was applied to 12 types of
lap joints and one type of butt joint. Five tools were
developed for the lap joints and one tool for the butt
joints. The strength of lap joints formed using FSW can
be diminished by the infiltration of the material in the
bottom sheet into the material in the top sheet, a
phenomenon referred to as “hook.” The project discussed
here clarified the mechanism of this phenomenon, and
reduced its occurrence by forming grooves on the probes
of the welding tools. In addition, in the case of butt
welds of forms with radii, the occurrence of elongated
cavity was controlled without the use of filler metal by
having the center of the tool approach the thickest side
of the material.

The use of these methods has enabled the
achievement of a 17% weight saving against a
conventional subframe using stamped parts.
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Table 1 FSW weld structures in FC subframe

Part 1 Part 2
Material 1 Thickness (mm) Material 2 Thickness (mm)
1.3
1.5
A6NO1S-T5 2.0 AB061P-T651
3.0
35
2.0
ABNO1S-T5
3.0
2.0 AB063S-T5 2.0
A6NO1S-T5 1.2
A5052P-0O
2.0
A5052P-0O 1.0
30
AB063S-T5 2.0
A6N01S-T5 2.0 A6961P-T651 7.0

goOrFC OODODOO

lL.FC 000000000

FCOOOOOODODOOODDO FRg.300RSWODOOO
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Fig. 3 Components of FC subframe
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Table 2 Cross-sectional shape of extruded frames

c " Ivi Circumcircle O Minimum thickness [0 Thickness of FSW [
ross-sectional view diameter (mm) (mm) weld (mm)
3 36 15 15
c—/ 73 2.0 2.0
1.3
99 1.3
b 2.0
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111 2.0
3.5
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. }—— 190 20
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o S ce e SE— 214 2.0
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Table 3 Results of FSW using developed tools

Joint Type of material Thickness (mm) Cross-sectional micrograph eff‘i]é)ilenrﬁgy

TopO A6NO1S-T5 1.3

Lap joint 78%
Bottom(J A6061P-T6 28.0
TopU A6NO1S-T5 2.0

Lap joint 88%
Bottom[J A6061P-T6 28.0
TopUO A6NO1S-T5 3.0

Lap joint 78%
Bottom[] A6061P-T6 14.0
TopU A6061P-T6 2.0

Lap joint 71%
Bottom[J A6NO1S-T5 3.0
Right sidel] A6NO01S-T5 2.0

Butt joint 91%
Left sidel] A6061P-T6 7.0

(a) Original tool (without grooves)

Interfaceé

0.5 (b) Developed tool (with grooves)

Interface

Fig. 11 Calculation of effectiveness of developed tool using CFD
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ABSTRACT

Since fuel cell coolant (FC coolant) should have
insulating properties for the purpose of electric leakage
prevention, ion-exchange resin is used in the system to
remove ions from the coolant. An antioxidant appropriate
for FC coolant was formulated for the developed coolant,
thereby enhancing oxidation resistance and reducing the
generated ion content. This enabled a 40% reduction in
the amount of ion-exchange resin.
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ABSTRACT

A new DC brushless motor has been developed as
the electric drive motor for the Honda FCX Clarity fuel
cell vehicle.

Due to the demands of vehicle packaging, a coaxial
configuration was employed for the drive motor and gear
box, and the power drive unit has been integrated with
the drive motor, enabling the size of the overall drive
unit to be reduced. The integration of the drive motor
and gear box has reduced friction, contributing to
increased operating efficiency.

An IPM rotor has been employed to increase motor
speed in order to increase maximum vehicle speed, and
to increase power output in order to enhance vehicle
performance. The use of a limit value for the inductance
setting that enables greater power to be achieved at
maximum motor speed has reconciled high motor speed
with high power.

These innovations have enabled the length of the drive
unit to be reduced by 162 mm and its height to be reduced
by 240 mm. The electric drive motor achieves a maximum
power of 100 kW, maximum torque of 256 Nm, and
maximum speed of 12500 min?. In addition, a maximum
motor drive efficiency of 97% has been achieved.
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Table 2 Motor performance

Type MCF210 MCF31_D
(2005 model year FCX) | (FCX Clarity)
Maximum power [KW] 80 100
Maximum torque [Nm] 272 256
Maximum speed [min™] 11000 12500
Maximum efficiency [%] 97 97
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Research has been conducted on a hydrogen
visualization technology in order to provide support to
the process of research and development on fuel cell
vehicles by “making invisible hydrogen visible.” The
project eschewed conventional approaches such as
indirect measurement of hydrogen using chemical
sensors or substitute gases. Instead, it attempted to
directly detect hydrogen, and to enable visualization of
the state of diffusion of hydrogen in space.

The use of alaser was selected from among a variety
of hydrogen detection methods, as its use is considered
to be effective in detection at low concentrations. The
project focused on a principle by means of which,
contrary to conventional fluorescence analysis,
fluorescence would occur even if the laser light for
excitation did not match the absorption wavelength, and
proposed a theory for hydrogen detection.

Results confirmed that the use of the principle of
multi-photon ionization enabled direct fluorescence and
detection of hydrogen. In addition, results suggested that
the technology has the potential to be employed to
visualize the changes in the state of diffusion of
hydrogen in space as the flow rate changes, enabling
analysis and measurement of the state of hydrogen
diffusion.
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Table 1 Summary of evaluation of technologies

. Distinguishing -
Techniquel characteristicl] Applicabilityd
. Demonstrated 0]
Passive sonar(] Tulrbulent z(ijlrgowD[ Low spatial resolution
(ultrasound) Sensitivity depends on pressure and aperturel]
Raman-0O0 Allowable energy [] H,: Sensitivity of 2% demonstrated10]
spontaneous(] | levels[] He: None - monatomic, therefore no vibration[]
Raman-[] Allowable energy [] H,: Sensitivity of 10 ppm demonstrated(]
CARSU levelsO He: None - monatomic, therefore no vibration[]
RayleighCO Molecular/atomic [ . .
dopplerC] velocitiesO Theoretically applicable for both H, and HelJ
Indirectd] .
5
thermalll Temperaturel Limited by clutter?]
Shearography[l Index of refraction]] Sensitivity limited by clutterC
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Fig. 1 Concentration of hydrogen at steady state



gbobooooboobobobooo

gbobooooooobobobobobobooooon
gbobosmmbOOooooooooboobobooboon
00 oo0lmli/min OOOODODOOODDO

ooooooo 00imi/mn0O0O0 5mmOO0O000O0O
OO040ppmOI000000DOOOOOOOO0ODOFRg.10
gbobobobooobooobooboobobobobooo

3. 000oooooooooonn

gbobobobooboobooooboooooooooboon
gboboooboooooboboboboboobooooo
gobobooooooooboobooooooobobooobooooo
gboboooooooboobooboobobobobooo
goboooooooooooboooooooboboobooooo
0000 136ev 0000O0O00OOODO 120nm O0O0O0
gobooooooooooooooooobooboooooo
gbobooooooobobobobobobooboooo
gbobobooooogo

gbobobobobobooooboobooboobooboan
goobobobooobooog

gbooboboboboboooboooboooboooooon
gobobooooooobooboboboboboooooo
gbooboooooooboboboboboboooboooo
gobobooooooooboooooooobooboooooo
gbobod 1836ev 00OO00OO00OO0ODODOODOODOOO
gobooooooooobooooooobobobooooooo
goboboooboooooooboobooooooboboobooooo
gooboooogon

4. 000000000oooogon
Nd-YAG OOOO0O00OO0O0DOOO0ODOOOOODOOO
000000000 0O0Fg.2 000000000 10%

H+
o
102 - O,q_g
i éQOO
- B
2 L
=)
_8' -
5,
<
o
5 10
3] u
C -
(=] L
= i o
i o
1 Il Il Il Il L1l
1012 1013
I [Wicm?]

Fig. 2 Log-log plot of H* from H, as function of laser
intensity I

W/cm0 00000 1000 00000000000000
goboobooboobooboobooboobogon
Fig.2 OO00ODOOO0ODOOOODOOOOOOOOODO
gooobbobooooooooboobooooooobobooog
gooobooooooooobooooooooboobooog
oooQ0 Fg. 30000
goboboobobooboobooooboooooooooboon
gooilosw/em0000000000O0O0O0O0OOOO0
gooobobooooooooboooooooooboobooo
gooOoCoOQ0OoQoO0O0O0O00FRg.3 000000 Y1 O
gboboboboboooooooooboboboobo
gboboboboobooboooobooobobobono
ooooooo"Pmood
gooooooobobooobooooooboooon vaoyao
Yagoooooooooooooo 1b00 20000
gboboooooobobobo AQOO BOOOO
gooboooo A0 BOOooooobooboobooo
gboboboboboooboooboobooobobobobo
gbooboooooooogoo

f

Continuous state[]

Y4
Recoupling

A

Upper level

Laser lightO Y1 Y3 Fluorescence B

for excitation
Lower level 2

lonization energy(]

-

Fluorescence A
Y2

. Lower level 1

Fig. 3 Model of multi-photon ionization

gobooboooboboooooo

gobobooboobobobobobobooooobooon
gooOoOoOoOoOopoOoOooOooooOoosw/em?OooQg
gbobobobobooooooooobobobonbo
goooQoOoQooooooo 1tw/em00ooooono
gboboboboboobobob 100 OO0 1000000
gboooooo

goobobobobooboboboboooooooo
ooooooooooboogcececbgoooooooooo
gobooooooboooboobobooboobogobogoo
goooboboooooobobobobooooooooooog
gboobooooooboboboboboooooog

41. 0000000000000
ooooooooie*w/em00O0O0ooooooog

0eont



Honda R&D Technical Review

Vol.21 No.1 (April 2009)

gboobooooooobobobobooobooooobooob
ONODOOODmOomoo "

o{ PO j x(ny AL) X (0)X(@xeqxe XAt [ 11 1

hvAAt
ooooo OPrP[]
dooooooooo Ohe
goooooo OA[m?]
gooo O At [sec]
oo On,, [%]
oo O L[1/m?]
oooo Oo(@®)[m7
gooooo O Q [sr]
goooo Oe
gooooo Oe,

MOMO0O0000000000000000000
00000000000000000000000000
ooooO0oO0OoO

0000000000000000000000000
000000000000000000000000000
1064nm 0 Nd-YAG OOOOOOOODOD 213nm OO
00000000000000000000000000
000000000000000000000000000
000000000000000 532nm 000000

0000000000Fg 4 000000000000
000000000000000000000000000
00000000000000000000000000
00000000 Fig.5() 00 Fig.5() 000000
0000000000

Pulse compressor

Voltage [mV]

Pulse width [nsec]O

Pulse width [nsec]O

(a) Before pulse compression (b) After pulse compression

Fig. 5 Test of pulse compression

goobobooobooboooooooooooooo
gboobooooooan

42. 0000000

gooooobbobboboooooooooooooobooo
O0OO0OFg.6000000000C0ODOODOOOOODOOOO
gooboboooooooobobooooooboboooooog
gooooooobbobbooooooooooobooboooobo

goobooboboboobooboooooooooboo
O0000OFRg.7(@O0D0O0O0O0O0O0OOODOOOODDOO
0000000000 000FRg.7()00DODOOODODODO
gboboboboobooobooobooboboboono
gbooboooooooboboboboooobogoo

43. 000000000
gboboobobobobooboooooooooboon
gooooo

'?ndpass filter

D\

Detecto

Fig. 6 Bandpass filter

o
=
]
sl
5,
21
‘@
c
o |
£
Wavelength [nm]
(a) Before application of bandpassfilter: All wavelength
— 656.3
[Zs
'c
3
_E' L
S,
>
‘0
c
QL Joe. e A
5

Wavelength [nm]

(b) After application of bandpass filter: Only characteristic
wavelength of hydrogen

Fig. 7 Test of bandpass filter performance

gv7on



gbobooooboobobobooo

43.1. 000000

0000000 Fg.8@bOoOooooOoDoOoDoOoOOO
0oo0000o0oDo00ob0QbOOUUObOOO NdYAGOUO
ooooooooooobosaeznmibidoog 425 mid
gbobo0o0g 1oHzOOO0oOoOO énsecO00onoonOg
gbobooooooobobobobobobobooboo
gobobooooooooooooooooboboooooo
gbobooooooobobobobobobooboooo
gbobooooooobooboboboboboooboooo
gooobobooboboooobooboboooboooboooboooon

432. 000000

0000000 Feg.8(h) DOODODODOOOOOOOO
gbobooooooooboboboboboboooooo
oooooooboooobooooobD cecoooooog
gobobooboooooooboobooboobobobooog
goboboooooooooooooooooboooooo
gooboboboooooooooboboboobo

433.000000

000000O0Fg.8(c)00DODOO00ODOOOOOoOOOd
gboboboooobobob ececb gbooobooooo
gooboooooooboobobobobobobooog
gbobobooooboobo cecbgboboooooo
goobob ccoopoooposonoooobooboooboon
gooobooooboooooboboooboooeebooog
gboboboboono 1000 OOOODODODODOO
goooooooooooboogopPcoogoobooboOO
googboooboooooooboobooboobogo

Optical system
Nd-YAG pulse laser = BBO

Synchronized control system |‘—

| (

ZI[DLD

L Telescope PC

=i

Scanning

Fig. 8 Outline of hydrogen visualization system

gobooobboooboooboo

51.0000000000000

gbobobobobobooobooooooooboon
gooOo0oo0ooOo0oDboOoOoboOoD 1013kPabOdnd
532nmO 100mJ02nsec DO OO Nd-YAG OOOOOO

o710

ooo

Fig.9o 0000000000000 O0OOOOOOOO
goooooooobooboobbobbbbboboboonoooo
Fig. 1000000000000 OOOOOOOOOOOO
0 656.3nm 0OO0O0

gboboobooooooooboobooboooooboooboan
gboobooooooogoogoon

gboboobooooooooboooboobobooboban
0000000000 O00DD00O0 1013kPa 0ODOOO
gbobobobooboooooobobooboboboonoo
OO0000O00o0oO0oO00D00O Fe.112000000 30
ppm ODOOO0OOO0OO0OOODOOOOOOOOO

52.00000000
goboboboobooboobooobooobooooooooon
goooooooooobobobbbbbboboooooo

Fig. 9 Moment of hydrogen fluorescence

656.3

Intensity [arb.units]

Wavelength [nm]

Fig. 10 Characteristic wavelength of hydrogen

656.3 ===100 ppm
Lo = =50 ppm
f R —30 ppm

Intensity [arb.units]O

Wavelength [nm]O

Fig. 11 Minimum limit for detection of hydrogen
concentration



Honda R&D

Technical Review

Vol.21 No.1 (April 2009)

goooddoooooo 4ommddd 5mmoOoood
0o0oooooosmmOOd0O0O000O00D0O00OFig.
shiDOOOOooO0oOoDUooOOooDOobOoboooooon
gooodoooooo smmboboooobooooooad
goooddooooooooeommbooooooog
gdooooboono cCco ooboonooooobooon
goooooooooosmmboodzmmOOooononO
00 25mi/min O 50mi/min OO0 O0O0O0O00D00O0O

000 Fig.12(a) 00 Fig.12(b) 00000 D0O00O0
goooobboboobbboooooooooooooga
ogooooooooooooboooooooooooooa
O000000Fg. 120000000000000000
0000D0000000Fig. 12 (a) OO Fig. 12 (b) OO
goooobbobobbbooboouoooooooooa
gooooooooooa

53.000000000000

gbobobobooooobooboooooobooobon
goooooooooboboboboboboooooo
gooood

Fig.13(a) OO0 O0O0O0O0O0O0 100mmOO0 10mm O
gboobobobooooobooboob op mOOoo 12
goooooooo@HOOoDoDooooooooo1lml/
mnO OO0 12mli/min OOO00O0O0DOO

gbooboooooooooobob smmOoogon

High & .
Low

[ppm] (@) 25 [ml/min]

(b) 50 [ml/min]

Fig. 12 State of hydrogen diffusion from single point

(a) Stainless steel vacuum flange

(b) Visualization of “H”[]

Fig. 13 State of hydrogen diffusion from multiple
points

0000000000000 Fig.13(b) OOOO
gboboobobobobooboooooooooboon
gooboooooogoo

googod

gbobooobooooobooobooboboobooooboo
gboboboooooo
gbmoooooboobooobooboooboobo
gbobooooooooboan
gomoooogooboobobobooboonbo eceb ogo
gbobooooobooboboobooobog
gobmooooooboobooobooboboboboo
goo
gobmoooobooboobobooboboboboboo
gbobobooooooooooanb

gooo

000000000 O0o0oDoOd wo 20067006628 Al

0 0O OSeller,R.G., Wang,D.: Assessment of Remote Sensing
Technologies for Location of Hydrogen and Helium
Leaks, NASA, NAG10-0290(2000)

0 O OLuVan,M., Mainfray,G., Manus,C., Tugov,l.: Multiphoton
lonization of Atomic and Molecular Hydrogen at 0.53 ,
Physical Review.A, Vol.7, Issue 1, p.91-98(1973)

0 O OWeyl,G.M.: Physics of Laser-Induced Breakdown: An
Update, Laser-Induced Plasmas and Applications, Marcel
Dekker, p.1-59(1989)

0 0 00 O O0OProof of Principle Experimentd O 0O 0 O O 11p.
(2003-2005)

m000m

-

0720



https://doi.org/10.69239/hondatechnicalreview.2009 21 1 12

gooo

Jododod GrLoBALO OO OOOOOOOO

Development of GLOBAL Hybrid Car Aimed at Popularization

ooooooa® ooooooog® ooooooa®

Tsuyoshi OHKUBO Hiroshi YONEGUCHI Yuuji FUJIKI

ooooooa® ooooooog® ooooooa®

Yoshinori NAKAMURA Taku OKADA Hirofumi KUROTAKI
oooo ABSTRACT

gbobobobobobooooboobooobooboban
gboboboooooboobooboboobooo

gboboboboboboooobooboooboooboooban
gobobooooooobobobobobobooboooo
gbobooobooobobobobobobooboooo
gobobooooooobooboboboboboooooo
gboooboood

gboboboboboboboobooooobooboan
gobobooooooobobobobobobobooonoog
gbobooooboobooboobooo

Amidst rising worldwide concern for the environment
and the need to conserve energy, a special hybrid model,
aimed at popularization, has been developed.

This model features a newly developed Ecological
Drive Assist System that enhances fuel economy, an
advanced exterior design that takes into account
aerodynamics, an emotional interior design, and a
package with greater utility achieved by a lightweight
and compact hybrid system.

This hybrid car enhances fuel economy, provides
refreshing everyday driving performance, and realizes a
top level of safety performance, making it a car that can
delight customers around the world.
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Table 1 Mode fuel economy

Destination Mode FE Remarks
CITY 40 mpg EPA label FE
vs HWY 43 mpg EPA label FE
EU 4.4 L/100km
CO, 101 g/km
10-15 30 km/L
? JC08 26 km/L
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ABSTRACT

The 2009 model year INSIGHT was developed with
the goal of achieving a higher level of actual fuel
efficiency and driving performance.

An analysis has revealed that the ways of operating
a vehicle that result in reduced fuel economy are rough
accelerator operation during vehicle cruising, excessive
accelerator operation during acceleration, and accessory
loads, such as air conditioning.

The developed system employs fuel economy priority
control, which uses an ECON mode selector switch to
permit high fuel economy driving. In ECON ON mode,
the engine and transmission are coordinated with each
other. Restricting the engine throttle and optimizing the
CVT shift response enable the minimum fuel
consumption amount (Gram Fuel minimum; hereafter
called GF minimum) to be traced, even during rough
accelerator operation, thus facilitating low-fuel-
consumption driving. In tests of actual fuel efficiency,
these technol ogies reduced the level of variation between
users and enabled the achievement of a 9.5% reduction
in average fuel consumption in ECON ON mode.
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ABSTRACT

A Power Control Unit (PCU) has been developed for
the Integrated Motor Assist (IMA) system employed in
the new model INSIGHT. The development aimed to
reduce the overall size, height, and weight of the PCU
in order to realize a layout that positioned it under the
floor of the rear trunk. Contiguous positioning of the
DC-DC converter and the inverter in the PCU has
reduced the area required for mounting the unit, in
addition to enabling the DC-DC converter input filter to
be removed and the number of terminals reduced. This
has contributed to the realization of size and cost
reductions. The total height of the DC-DC converter has
been reduced through the use of copper wire printed on
a substrate for part of the main transformer winding
wire, contributing to the reduced height of the PCU. The
use of a smoothing capacitor with the electrostatic
capacity reduced by half enabled reductions in size and
cost. In addition, the use of beam leads for the internal
wiring of the transfer-molded power module (TPM),
together with connections made by direct lead bonding
(DLB), enabled the production process to be simplified
and costs reduced.
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ABSTRACT

The first-generation U.S. Fit embodied a new appeal
— a utility and sportiness not previously seen in the
North American sub-compact car market — which gave
the vehicle a unique position in the market.

The development of the second-generation U.S. FIT
sought to polish and enhance the strengths of the origina
vehicle, while also attempting to both surprise and please
North American customers.

The Fit is now a global vehicle platform, and the
development of the new model focused on redesigning
even small details in order to optimize the first
generation Fit's “DNA,” its stylish small body and
spacious cabin, ease of use, safety and environmental
performance, and fuel efficiency, as well as the riding
and driving pleasure it offers, for the North American
market.

This has advanced the appeal of the Fit beyond the
previous model and resulted in the realization of a “next-
generation sub-compact car” able to satisfy not only
younger users, but also users seeking a smaller car as
their next vehicle, a market segment expected to increase
in the future.
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ABSTRACT

This paper introduces two approaches that were
applied when developing the FREED assisted mobility
vehicle, and gives specific examples of each.

The first approach is to simultaneously develop an
assisted mobility vehicle with various specifications from
the base specification vehicle planning and layout stage.
The optimum package layout for an assisted mobility
vehicle was realized within that process. In addition,
common parts were shared by establishing the
streamlined parts design and investigating design
feasibility.

The second approach consists of simultaneously
producing assisted mobility vehicles within the same
production line as mass production vehicles.

Applying the above development methods enhanced
product appeal and productivity compared to
conventional models.
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(c) Wheelchair vehicle

Fig. 1 FREED with side and assistant lift-up seat and wheelchair vehicle (with third seat)
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ABSTRACT

Three-dimensional CFD was used to optimize the
torus section and stator blade shape, and newly
developed stator blades were also employed to develop
the fluid flow channels for a thin type torque converter
with a flattening ratio of 50%, while maintaining torque
converter performance. A multi-plate lock-up clutch with
heat-resistant performance approximately twice that of a
conventional single-plate lock-up clutch has been
positioned in the space created by the use of these new
fluid flow channels. The developed Super Ultra Flat
torque converter with multi-plate lock-up clutch enables
all-area LC control without increasing the overall width
compared to the previous torque converter, and can be
fitted in an FF vehicle. As aresult, in real-world driving,
the new system increased fuel efficiency by
approximately 3% in US06 mode, and enabled a more
direct driving feeling by shortening the time from O to
100 km/h at 100% throttle acceleration by 0.2 s.
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Fig. 1 Side view of developed torque converter
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Fig. 3 Approaches to decrease axial length of torus

Table 2 Torque converter specifications and
calculation conditions

Hydraulic diameter (mm) 2520
Flattening ratio (%) 650
Number of Pump 290
blades Turbine 270

Stator 150
Aspect ratio of torus 380
Rotation speed of input shaft (rpm) 20000
ATF temperature (°C) 850
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Cooling flow rate (L/min) 4

Table 4 Comparison of torque converter

specifications
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T
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ABSTRACT

Research has been conducted on a system enabling
visualization of FM band radio noise produced by the
high-voltage components in a hybrid vehicle.

The system is composed of an electromagnetic field
detection device that detects electromagnetic radiation
noise, a measuring device and interface that scan the
output of the electromagnetic field detection device, a
spectrum analyzer that analyzes the frequency of the
electromagnetic radiation noise, and a PC that processes
the data.

The system employs a camera mounted above the
high-voltage components in the hybrid vehicle. The
camera records images of the components. In
combination with the measuring device, this enables
noise to be detected in each operating state of the high-
voltage components. Electric field strength data that has
been analyzed for frequency by the spectrum analyzer
and photographic data are then synthesized to produce
contour diagrams, enabling noise sources to be identified.

This method has enabled simple identification of
noise sources and noise frequency bands, thereby
reducing the time needed to identify a noise source and
apply a countermeasure to one-third against conventional
methods.
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Table 1

Noise visualization system specifications

Item

Specification

Large measuring device

Small measuring device

Measurement object

High-voltage electronic components

Small electronic components and harness

Electromagnetic field detection device

4 probes in array configuration

3 probes in series configuration

Sweep method

X-Y plane

Y axis

Z axis movable range

50 (mm)

50 (mm)

Measurement area

500 x 600 (mm)

60 x 100 (mm)

Detailed measurement area

Arbitrarily set

Arbitrarily set

Measurement prohibition area

Arbitrarily set

Pitch measurement

1,2, 4,5, 10, 20, 50 (mm)

1,2, 4,5,10 (mm)

Vertical magnetic field probe

Probe type Horizontal magnetic field probe
Electric field probe

Amplifier amplification rate 40 dB

Measurement frequency bandwidth 76 - 108 MHz

Frequency resolution 1001 point

Display resolution

Electric field strength is displayed by dividing the range of the maximum value
and the minimum value into 8 sections.

High-voltage electronic components

/

Electromagnetic field
detection device

<+— Probe

+—— Amplifier

F A

Electromagnetic

Motor control field signal

o=

2L m

= T

o2

ES

o D T—

o c

"“g Fre n

2 quency
(MHz)

Measurement of captured data

Interface

Control signal

Measurement area

CCD camera

Photo data

Visualized noise data

Fig. 4 Configuration of noise visualization system
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ABSTRACT

Honda has developed a variety of innovative
motorcycle brake technologies. Super sport motorcycles,
CBR600/1000RR, have a unique combination of short
wheel bases and center of gravity locations as vehicle
characteristics, and the possibility towards pitching under
hard braking has prevented conventional ABS from
being used in these motorcycles. In addition, the
characteristics of mechanical combined brake systems
(CBS) make it challenging to adapt them for sport riding.
Therefore, a new brake-by-wire system has been
developed in which brake input is detected by a
hydraulic sensor and the brake hydraulic pressure is
varied by a power unit. A newly developed stroke
simulator has enabled the achievement of an operation
feeling similar to that of a conventional brake. In
addition, the precise control of hydraulic pressure
achieved by this system has enabled pitching to be
controlled and made ABS/CBS compatible with sport
riding. The new system represents a first for super sport
motorcycles, and has been employed in the 2009 model
year CBR600/1000RR.
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Table 1 Codes used in diagram of brake-by-wire system

LWG

[

Codes Meanings
SNOM Solenoid valve, normal open, master cylinder
SNCS Solenoid valve, normal close, simulator
SNCP Solenoid valve, normal close, power unit
PMC Pressure sensor (master cylinder)
PFS Pressure sensor (fail safe)
PCC Pressure sensor (brake caliper cylinder)
VOW1 One-way valve
VOw?2 One-way valve
SWSF Front wheel speed sensor
SWSR Rear wheel speed sensor
SymF Front brake stroke simulator
SymR Rear brake stroke simulator
MCF Front brake master cylinder
MCR Rear brake master cylinder
LWG Warning lamp
Batt Battery
ECU Electronic control unit
M Motor
Valve unit
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Fig. 1 Diagram of brake by wire system (Activated)
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Table 2 Test conditions

) Brake control system
Bralg;;?gl;que Brake operation ABS Combined Pitching
brake control
Test 1 Deactivated Conventional brake (hand and foot) Deactivated Deactivated Deactivated
Test 2 Activated Hand-operated combined brake Activated Activated Deactivated
Test 3 Activated Hand-operated combined brake Activated Activated Activated
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Table 3 Specifications of test motorcycle

Iltems Test motorcycle

Brake system — Brake-by-wire

Wheelbase L (m) 1.372
Curb mass M (kg) 185.6
Height of C.G. H (m) 0.681

Distance between C.G.

and rear axle X (m) 0.663
Distributed load of motorcycle | Front (N) 1235
with one rider Rear (N) 1321
Pitching factor (L-X)/H 1.04
Engine displacement vV  (cmd) 599
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Fig. 8 Example of time history data
(Pitching control deactivated)
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Development of Small-sized Multilayer Fuel Tank for Off-road Motorcycles and ATVs
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ABSTRACT

A multilayer polyethylene resin fuel tank for off-road
motorcycles and All-Terrain Vehicles (ATVS) has been
developed to comply with U.S. EPA gasoline permeation
control regulations. Motorcycles and ATVs employ
complex saddle-shaped tanks with weld-molded insert
parts and requirements for exterior design, and the
following four issues were therefore identified and
addressed for the multilayer blow molding process. To
enable the saddle shape to be molded, pre-blowing and
depressuring were employed in the blow molding process
in order to achieve a uniform wall thickness. A
temperature range that balanced resistance to drawdown
in the parison, resistance to melting damage in the insert
parts, and adhesion of the insert parts enabled the
adhesive strength of the insert parts to be increased.
Changes to the design of the modified polyethylene
adhesive used to bond the EVOH, which forms a
gasoline permestion barrier, have increased the resistance
of the insert parts to delamination as a result of impact.
The employment of a mold surface treatment producing
a surface roughness able to conceal mold transfer defects
has enabled the external design requirements for the tank
to be satisfied.
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ABSTRACT

Visibility provided by the rearview mirrors of
motorcycles is regulated by law, and should be
measured. Thus far, compliance with legal standards has
been checked first by investigation using 2-dimensional
CAD, and then manufacturing a prototype motorcycle.
However, an issue unique to motorcycles is displacement
of the rearview mirror when the rider rides the
motorcycle, which affects rearward visibility. This factor
hindered sufficient investigation in two dimensions,
which delayed determination of the design specifications.
Therefore, a simulation system has been developed that
uses 3-dimensional CAD, which incorporates a function
that automatically sets the legal prerequisites using a
combination of the Newton-Raphson method and
bisection method. This enabled assessment in the design
layout stage, and contributed to early layout maturation.
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Table 1 Laws and regulations for motorcycle rearview mirror

Regulations

Setup

Points to be checked

Rearward visibility of rearview mirror
in Japan

Align center point of mirror surface with
point, reflecting on mirror surface, 50 m
behind.

Non-visible range equal to or less
than 25%

Verification of regulation conformity
in Belgium / Netherlands

Align corner point of maximum rectangle
which is inscribed around edge of mirror
surface, with point on ground line,
reflecting on mirror surface, 10 m behind
reference eye point.

Reflection on 10 m line equal to or
more than 2.5 m.

Verification of regulation conformity
in Germany

Align lower corner point (vehicle side) of
maximum rectangle which is inscribed
around edge of mirror surface, with point
on ground line, reflecting on mirror
surface, 20 m behind reference rear view
mirror point.

Reflection on 20 m line equal to or
more than 2.5 m.

Verification of regulation conformity
in EEC

Align lower corner point (vehicle side) of
maximum rectangle which is inscribed
around edge of mirror surface, with point
on ground line, reflecting on mirror
surface, 10 m behind reference rear view

Reflection on 10 m line equal to or
more than 2.5 m.

mirror point.

Rearview

mirror =3

=~ Equivalent mass of rider

X : Longitudinal
Y : Lateral

Z : Vertical

Fig. 1 Positional relationship of rearview mirror and
rider when rider rides
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ABSTRACT

As a part of Honda R&D’s Special Self-study
Activities, a kart racing engine was manufactured using
the GX200 4-stroke general purpose engine with a
displacement of 196.1 cm?® as the base engine. A cylinder
head that drives four valves using an OHV configuration
was newly designed to secure charging efficiency at
higher engine speeds than the typical range of general
purpose engines. In addition, the lubrication system was
changed from that of a splash lubricant system to a
pressure lubrication system to help stabilize lubrication
at high engine speeds and during actual driving. As a
result, the developed kart engine achieved a power
output of 12.0 kW or more at 8 500 rpm, as compared
to the maximum power output of 4.1 kW at 3600 rpm
of the base engine. A kart fitted with the developed
engine recorded actual lap times equivalent to or better
than that of a kart fitted with an existing 2-stroke kart
engine. Using a general purpose engine as the base
engine enabled an engine to be manufactured that can
be mounted in a beginner class racing kart with
equivalent ease to that of a 2-stroke kart engine.
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Table 1 Major specifications

Kart engine Base engine
Engine type Air-cooled 4-stroke OHV single-cylinder
Displacement (cm3) 196.1
Bore x Stroke (mm x mm) 68.0 x 54.0
Compression ratio 10.0:1 85:1
Valve diameter Inlet (mm) 255 2
Exhaust (mm) 22 24
Number of valves 4 2
Max valve ift Inlet (mm) 6.4 5.7
Exhaust (mm) 5.9 5.7
Max power (kW/rpm) 12.0/8,500 4.1/3,600
Ignition system Digital C.D.I. Transistor magneto
Lubrication system Pressure lubrication Forced spray
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Development of Enhanced Honeycomb Barrier
Finite Element Model for Rear Crash Simulations

Allen Sheldon® Emily Nutwell®

ABSTRACT

This paper explains the development of an enhanced finite element barrier model for use in simulating the FMVSS
301 high speed rear crash test.

To create the barrier model, material testing was conducted on the aluminum honeycomb, cladding sheets, and
adhesive which comprise the barrier. Particular emphasis was placed on the modeling of the aluminum honeycomb,
which has been traditionally very challenging to model due to its highly anisotropic behavior. Recently developed
modeling features were used to capture the complex behavior of the honeycomb material and extensive testing was
conducted to define its behavior.

To validate the barrier model, a series of specification impact tests were conducted. These tests were chosen to
represent the various load conditions the barrier might experience during crash testing. Each impact test was simulated
and the barrier model was correlated to the test results.

Finally the barrier model was used in a full-vehicle crash simulation for verification. In this full-vehicle crash
simulation, a significant improvement in the correlation of the model to test results was achieved. The results clearly
indicate that improved predictive accuracy in crash test simulations can be obtained with the use of this new barrier
model.

https://doi.org/10.69239/hondatechnicalreview.2009 21 1 23

1. Introduction

Many automotive crash tests involve impact with a
honeycomb barrier as a surrogate for another vehicle.
During these crash test events, the honeycomb barrier
typically undergoes severe deformations and extreme
non-linear behavior. The simplicity of the construction
of these barriers can lead one to believe that modeling
them would be rather straightforward, but this simplicity

AN i

2

is deceptive. To capture the behavior of these barriers
with a finite element model has been, and continues to
be, a mgjor challenge for the automotive industry.

The new FMVSS 301 high speed rear crash test uses
the same Moving Deformable Barrier (MDB) as the
FMVSS 214 side impact test®. The MDB has a
honeycomb barrier face mounted to the front of the cart.
In the new high speed rear crash test, the MDB impacts
the vehicle at 50 mph with 70% overlap. As Fig. 1

Fig. 1 Typical damage to honeycomb barrier seen after FMVSS 301 high speed rear crash test

0 HONDA R&D AMERICAS, INC.
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shows, the severity of this collision causes extreme
deformation of the honeycomb barrier face. The current
barrier model is not able to capture this behavior
accurately; so as aresult, there is poor correlation of the
simulation model.

To enhance the predictive accuracy of rear crash test
simulations a new barrier model was created. This
model utilizes recently developed features in LS-DYNA
for modeling aluminum honeycomb to more accurately
capture its off-axis strength and shear behavior. Also,
a new approach for modeling the adhesive that bonds the
honeycomb to the cladding was developed. This model
was correlated to a number of different specification tests
and has shown significant improvement to rear impact
simulation correlation.

2. Barrier Modeling

2.1. Barrier Construction

The barrier used in the rear impact testing consists
of a face assembly and a bumper assembly®. The face
assembly is comprised of the main honeycomb block and
cladding sheets. The crush strength of the face assembly
honeycomb is 45 psi. This assembly has two aluminum
cladding sheets with a thickness of 0.812 mm. The face
sheet is bonded to the front side of the main honeycomb
block and wraps around the top of the block (no
adhesive is applied to the top portion). The main
honeycomb block is also bonded to an aluminum
backing sheet. The bumper assembly consists of the
honeycomb bumper having a crush strength of 245 psi
and two aluminum cladding sheets with a thickness of
3.175 mm. The front cladding sheet is bonded to the
front face of the bumper honeycomb while the bumper
backing sheet is bonded to the back face of the bumper
honeycomb. Finally the bumper assembly is bonded to
the face assembly. This barrier construction and
adhesive layers are detailed in Fig. 2.

The barrier is mounted to a cart designed to meet
specified values for center of gravity and inertia. This
cart is typically a space frame style design made from
steel or aluminum tubes. The cart has four wheels with
pneumatic tires mounted to it, but no suspension.

Bumper
honeycomb

Bumper to main
block adhesive

2.2. Barrier Model Construction

The aluminum honeycomb material is modeled using
solid elements. In LS-DYNA, a solid element
formulation is assigned that allows for the elements to
undergo the extreme shear behavior possible in
honeycomb material. The cladding is modeled with shell
elements, and all adhesive layers are modeled with solid
elements. The material modeling used for these
components will be described in the next sections.

The cart for the barrier is modeled as a rigid body.
Rigid solid elements are used to represent the basic space
frame structure of the cart and the proper values for the
inertia and center of gravity are applied using an inertial
card in LS-DYNA. Each tire is modeled with shell
elements and an air volume is defined between the tire
and wheel. Each tire is attached to the cart using
revolute joints to allow for rotation.

2.3. Aluminum Honeycomb Modeling

The deformation behavior of aluminum honeycomb
is extremely difficult to capture accurately in a finite
element model. This material is extremely anisotropic
in its behavior: it can exhibit high crush strength in the
strong direction (T direction), while showing extremely
weak crush strength in an orthogonal direction (W and
L directions). These directions are illustrated in Fig. 3.

While many recent published attempts to model
aluminum honeycomb have used shell elements to
provide an explicit representation of the cell structure®-
®, the model described here uses brick elements to limit
the model’s size and run time. Recently developed
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Fig. 3 Description of aluminum honeycomb

Main block
honeycomb

Fig. 2 Barrier construction
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features in LS-DYNA are used to allow the brick
elements to capture the honeycomb behavior.

With the traditional material model for aluminum
honeycomb, a user could define the crush strength of the
honeycomb in the strong and the weak directions. This
material modeling method was found to over predict the
material strength in an off-axis loading case®. To
address this issue an improved honeycomb material
model was developed by Kojima et. al. and implemented
in LS-DYNA with the Mat_Modified Honeycomb
material model®: ™, With this material model, a yield
surface can be defined such that the limit stress, oY, is
a function of the angle, ¢, with the strong axis and the
volumetric strain, "'

o"(p,e"™) = o(¢)+(cosg) o°(e™) +(singf' o(e"™) (1)

In LS-DYNA, load curves are used to define a®, o°,
and o in EQ. (1) with respect to volumetric strain. The
crush strength of the honeycomb with respect to the
angle of crush is defined by oP. Stiffening effects
observed in the honeycomb as it is crushed to its fully
compacted state are defined by o and oV in the strong
axis or weak axes respectively.

Defining o” is critical to the accuracy of this material
model and is not a trivial undertaking®. To produce
this, load curve samples must be cut from the
honeycomb block at a variety of angles. Figure 4 shows

Fig. 4 Samples cut from honeycomb block at
different angles

Stress
[
o
T
\\\

i~

Strain

Fig. 5 Load versus displacement curves for
honeycomb samples

the samples removed from the honeycomb block. Each
sample was crushed, and a load versus displacement
graph was generated. A number of the resulting curves
are shown in Fig. 5. From these curves, the plateau
strength of the honeycomb can be determined for each
sample. Finally, a curve can be generated which shows
the strength versus angle of crush. A representation of
this curve is shown in Fig. 6. By using this curve, a
steady decrease in honeycomb strength can be obtained
as the orientation of the crush direction transitions from
the strong direction to a weak direction. Thus, the off-
axis loading can be accurately defined.

2.4. Cladding Modeling

The aluminum cladding sheets were tested using
uniaxial samples to provide a stress-strain curve. This
curve was adjusted to a true stress versus effective
plastic strain curve and smoothed using a power law fit.
Finaly, it was sampled at 100 equally spaced intervals
and used with a piecewise-linear plasticity material
model in LS-DYNA. This curve is shown in Fig. 7.
Failure was allowed using an effective plastic strain
value beyond which the element would be eliminated.
This failure strain was adjusted from the tested value to
provide reasonable correlation of the cladding failure in
each of the specification tests.

Stress

Angle

Fig. 6 Representation of curve defining crush
strength versus angle of crush

e ——

T —Block cladding
==Bumper cladding|

True stress

Effective plastic strain

Fig. 7 True stress versus effective plastic strain for
aluminum cladding material
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2.5. Adhesive Modeling

2.5.1. Honeycomb to cladding adhesive

The honeycomb to cladding adhesive, indicated in
Fig. 2, is modeled as a single layer of solid elements
that is attached to the honeycomb and cladding using a
tied contact. The adhesive layer material definition is
identical to the main honeycomb block with the
exception that failure parameters are defined using
tensile and shear strain limits. As Fig. 8 shows, the
specification tests demonstrate that the failure mode is
the tearing of the honeycomb material rather than the
separation of the adhesive layer. Therefore, the model
represents the failure in the honeycomb, and the adhesive
is represented as the tied contact.

2.5.2. Cladding to cladding adhesive

The bumper rear cladding and block front cladding
are attached using an adhesive. This is represented in
the model as a thin layer of solid elements which are
attached to the cladding sheets through a tied contact
definition. The solid adhesive layer material model
includes the following failure function to represent the
adhesive failure:

Fig. 8 Honeycomb layer torn away with cladding
(note undisturbed layer of adhesive present

under torn honeycomb layer)

—Test
==Simulation

@ \-35kh

Force

== | - |
Stroke

(a) Test configuration

(b) Force versus stroke

20 20 20 20 20 20
max(N,,,0) + N + Ny + M, + My + My —-1=0 (2)
Nn, Nrr, Nn, Mvr, MS. M“q

The numerators in the failure definition are the
resultants calculated in the model, and the denominators
are the failure values specified in the material model®.

The failure parameters for all adhesive layers in the
barrier model were determined using barrier specification
tests that were conducted in order to validate the material
models. Each barrier specification test produced unique
failures of the adhesive layers. By adjusting the failure
parameters in Eqg. (2), the simulation could match the
adhesive failure seen in the specification test. It was
found to be impossible to exactly match the adhesive
failure seen in all specification tests with the same failure
parameters. This is likely due to the variability seen in
the barriers where the adhesive bond between the
honeycomb and cladding is not consistent. Ultimately,
a single set of failure parameters was selected where the
adhesive layer showed reasonable failure correlation for
all specification tests.

3. Barrier Specification Testing and Modeling

3.1. Flat Wall Specification Test

The flat wall specification test validates the material
properties for the main block honeycomb material.
There is no failure in the honeycomb block since the test
applies a uniform load on the face of the barrier. Since
there is no block failure in the test, the simulation model
and the test show a high level of correlation as shown
in Fig. 9.

3.2. Offset Flat Wall Specification Test

The 70% offset wall specification test showed no
cladding failure. The plastic failure strain for the
cladding material was adjusted so that little or no

(c) Test deformation (d) Simulation deformation

Fig. 9 Flat wall specification test

R v-34ph EEE —Test

~—Simulation

Accel
1
1

Stroke
(b) Acceleration versus stroke

(a) Test configuration

(c) Test deformation (d) Simulation deformation

Fig. 10 Offset wall specification test
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cladding failure was present in the model. The failure
parameters from Eq. (2) for the adhesive layer between
the block front cladding and bumper rear cladding were
also set in order to correlate to this test. Although
separation of the bumper assembly from the block does
not occur in the simulation model as is does in the test,
the correlation level shown in Fig. 10 is judged to be
well within the variability for the barrier’s performance.

3.3. Pole Specification Test

In the initial stages of the pole impact, the test and
the simulation model correlate very well. However,
towards the end of the event, the simulation model
diverges from the test results by behaving stiffer than the
physical barrier. Although the honeycomb material
definition allows the user to define various failure
functions, the main honeycomb block does not have a
defined failure behavior. Failure was not added to the
honeycomb material at this point to try and ensure that
the barrier model would behave very robustly in full
vehicle simulations (this is discussed further in Section
4.1). As can be noted in Fig. 11 (c¢), the main
honeycomb block clearly has some failure that allows the
pole fixture to punch into the honeycomb block. Since
the simulation model correlates very well until late into
the event, the discrepancy is judged to be reasonable, and
the overall correlation level is judged to be acceptable.

—Test

Simulation (with failure)

U
Accel

Stroke
(b) Acceleration versus stroke

(a) Test configuration

Bl V =25 kph = —Simulation —=
2K 5

3.4. Offset Bumper Test

The overall deformed shape of the offset bumper
simulation model compared to the test result shows an
acceptable level of agreement as shown in Fig. 12. The
bumper component remains attached to the block face
as the block cladding tears at the impact point.
However, there is a great deal of failure of the
honeycomb block in this test. If failure in the
honeycomb block were to be modeled, the correlation to
the test would become very close. However, in order
to maintain contact stability and overall robustness of the
simulation model, failure is not applied to the main block
honeycomb. This resultsin a stiffer response to this load
case. This type of isolated failure in the barrier block
is not usually noted in a full vehicle testing, and the
overall correlation level is judged to be acceptable.

3.5. Angle Wall Specification Test

With the selected material model used for the
honeycomb material, shear stability can at times be poor.
This is noted in Fig. 13 where the barrier model was
used in a FMVSS 214 side impact full vehicle
simulation. With this test mode, the barrier impacts the
vehicle in a “crabbed” manner which introduces a shear
load into the honeycomb block. In the simulation model,
the barrier block was sheared in a manner that was not
physically representative of the actual behavior.

(c) Test deformation (d) Simulation deformation

Fig. 11 Pole specification test

B V=27kph B
<« =2rxph |

—Test

Stroke

Time
(a) Test configuration

Simulation
Simulation (with failure)

Ll ——

(b) Remaining honeycomb

Cladding tears

(c) Test deformation

(d) Simulation deformation

Fig. 12 Offset bumper test

(a) Post test barrier
front view

(b) Post test barrier
front view

(c) Barrier block (cladding
not shown) top view

Fig. 13 Top view of initial model's barrier block illustrating non-physical shearing behavior
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To prevent this type of unstable shear behavior, LS
DY NA has the option to apply limits to the shear and
hydrostatic stresses”. These limits alow for the material
to develop resistance to shear and hydrostatic stress
while the uniaxial response remains unaffected and is
still governed by Eq. (1). The hydrostatic and shear limit
stresses are given as functions of volumetric strain by
Egs. (3) and (4) respectively:

ol(e) =0l +o° (™) (©)

UZ (gvol) - O_E +0° (gvol) (4)

The same load curve defined for Eqg. (1) is
represented by o, which provides for stiffening of the
material asit is crushed to its fully compacted state. The
parameters oy and o were determined using the offset
bumper specification test from Fig. 12 and the angled
wall specification test shown in Fig. 14.

For the angle wall impact test, the barrier model
without any limits to the shear or hydrostatic stresses
shows the unstable shear behavior noted in the side
impact test. This can be seen in Fig. 15 (b) where the
simulation model shows excessive shearing of the
honeycomb elements to the side versus the actual
behavior shown in the test barrier of Fig. 15 (a).
Applying the limit stresses can cause excessive stiffening
in the shear behavior of the honeycomb so a compromise
must be implemented. By adjusting the limit stresses for
the angle wall specification test while monitoring their
effect on the offset bumper impact, values were obtained
that provided the needed shear stability, and also kept
the correlation of the offset bumper impact at an
acceptable level. The result for the angle wall simulation
is shown in Fig. 15 (c).

Bl V=23kph R
—20

Accel
T[]
N

Stroke

(a) Test configuration

(b) Acceleration versus stroke

4. Model Robustness and Efficiency

4.1. Model Robustness

A major goal for updating the barrier models, other
than enhanced accuracy, is improved barrier robustness.
Thisis a critical issue when running large models such
as full vehicle crash models. With the material models
and element formulations chosen for this model, the new
barrier has proven to be very robust in full vehicle
simulations. It can undergo the severe deformations seen
in the actual barriers and still remain stable. Thus, the
new barrier model can be applied in production use.

It has been shown that adding failure to the
honeycomb block can improve the correlation to the
specification tests. Also, honeycomb failure in the main
block can be present in rear offset tests as is evidenced
by Fig. 1. This may lead to the desire to incorporate
honeycomb material failure into the material model, but
adding this failure to the honeycomb block can lead to
stability issues and unexpected results if the barrier
model were to experience a deformation mode
significantly different from those encompassed by the
specification tests. To avoid these troubles, an attempt
was made to avoid applying failure to the honeycomb
block material model. This has proven to be successful
as the barrier shows good correlation for all specification
tests and for full vehicle simulations (detailed in Section
5). Thus, the goal of achieving a barrier model with
excellent robustness and accuracy has been achieved.

4.2. Model Efficiency

Another goal for the barrier model is to maintain
computational efficiency while enhancing accuracy.
Ultimately, barrier models should be a shell mesh of the
aluminum foil that makes up the actual honeycomb

| m=Test

~-Simulation

(c) Test deformation (d) Simulation deformation

Fig. 14 Angle wall test

(a) Test (barrier cut away)

(b) Simulation (barrier cut away)
without shearing parameters applied

(c) Simulation (barrier cut away)
with shearing parameters applied

Fig. 15 Top view of section cut of test barrier compared to simulation
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structure; however with current techniques this would be
far too computationally expensive (the run time penalty
factor would be approximately 15), so compromises must
be made. One possibility is to use a shell mesh of the
of a honeycomb structure where the cells are scaled up
from their actual size. This leadsto alower cell density,
fewer elements, and thus, improved computational
efficiency over a barrier with a shell mesh at the actua
cell density®-®. But, for the rear impact barrier this
would still lead to a barrier with a large computational
expense penalty over the current barrier model.
Therefore, an attempt was made to develop a barrier
model utilizing solid elements to keep the computational
cost penalty to a minimum. With the barrier model
developed here, the computation time is increased by a
factor of 1.25 compared to the old barrier model. This
is an acceptable increase, given the improvements in
accuracy, because this increase is well with in the range
that can be overcome by adding additional CPU’s for
each simulation.

5. Full Vehicle Verification

With the barrier properly correlated to spec tests, its
performance in full-vehicle rear crash models was
evaluated. The old barrier showed significant weakness
in rear crash simulations - often producing results with
excessive deformation to the vehicle and even incorrect
deformation modes. It was thought that an improved
barrier model would resolve these issues.

The new barrier model has shown a significant
improvement to full-vehicle simulation accuracy. The
difference in intrusion between the simulation prediction

and the test result has been greatly reduced with the use
of the new barrier model. Also, the deformation modes
appear much closer to that of the test. These results are
shown in Fig. 16.

6. Conclusion

A new barrier model for rear crash simulation has
been developed. This model takes advantage of new
modeling features in LS-DYNA to more accurately
capture the behavior of the aluminum honeycomb. The
model was correlated to a number of specification tests.
While perfect correlation to every specification test was
found to be impossible, a reasonable compromise in
correlation to each specification test was achieved. This
new barrier model has been used in full-vehicle, rear
crash simulations where it has shown significant
improvements in its correlation to test results. The
barrier model has proven to be very robust in actual
usage by avoiding any instabilities that could lead to
incomplete or pre-maturely terminated simulation runs.
The barrier does increase the computational time needed
to run amodel. However, in comparison to an approach
that would introduce computationally intensive shell
elements, the increase in time is deemed reasonable.
These improvements to the barrier model provide for an
accurate, predictive, rear crash simulation tool that can
be used in vehicle development.

There are of course still areas where further
enhancements could be made to the barrier model.
Future work should address items such as 1)
incorporating failure into the aluminum honeycomb
block in a robust accurate manner, 2) moving toward a

Lower = Better

Old model - Difference from test

New model - Difference from test

Delta from

(b) High speed rear crash
simulation (old barrier)

(c) High speed rear crash
simulation (new barrier)

Old model - Rear frame rail

New model - Rear frame rail

(d) Difference between test and simulation
for points along rear side frame

Fig. 16 Correlation of rear frame rail with new barrier model
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shell element model when computational speed increases,
and 3) accounting for any dynamic effects present in the
barrier at high speeds.
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Improved Method to Assess Spot Weld Rupture in
LS-DYNA using Solid Element Assemblies

Skye Malcolm® Emily Nutwell®

ABSTRACT

Various methods of modeling spot welds with failure criteria are considered for the solver LS-DYNA, a general
purpose transient dynamic finite element program. These methods include the failure methodology of the spot weld,
the meshing technique of the weld itself, and the resulting dependence on the mesh of the sheet metal attached to the
weld. A force-based failure criterion as measured through an assembly of 8 hexahedrons is used to best judge spot
weld rupture. This judgment method is calibrated in weld coupon simulations. A script is written in the simulation
preprocessor to apply the calibrated failure parameters efficiently in simulations with thousands of spot welds. Finally
the method is applied to full vehicle safety simulations where the correlation to actual test results is verified.

1. Introduction

Our overall goal is to create a reliable and efficient
method to evaluate the strength of spot welds in
automotive structures in computer simulations of static
and dynamic safety tests. We set out to reliably predict
the rupture of spot welds during the simulation so as to
be able to visualize the effects of that rupture on the
overall structure and improve the robustness of the
design.

Our work was driven by the more specific goal of
using a spot weld failure methodology based on peak
force through the weld. This matches our current
evaluation criteria for spot welds in actual vehicles. In
fact, we could draw upon an existing library of spot weld
strength data from single spot weld coupon tests. This
library is based primarily on material strength and
thickness of the sheet metal being welded. Therefore,
our strategy is to use a force-based failure criterion in
the simulations.

There are several existing weld modeling methods
which can be used to assess the strength of those welds.
The first existing method is the mesh dependent rigid
body weld. This method has a proper failure criterion,
but due to efficiency considerations and the inability to
model 3 sheet welds easily, its disadvantages outweigh
its benefits. Another method is the beam weld which
is not directly attached to the nodes of the shell mesh
but is instead tied to an arbitrary point on the shell’s
surface with a so-called tied contact. This method is

0 HONDA R&D AMERICAS, INC.

very efficient when constructing models and can model
3 sheet welds easily. Unfortunately, due to the single
point contact with the shells, the force measured by this
type of weld varies enough to add an unacceptable level
of uncertainty into the measured force. The final
existing method is a single hexahedron element, again
tied to the shell surface through a tied contact and not
through coincident mesh methods. However, even this
type of element displays distortion of the force due to
penetrations of the shells into this solid element in
certain cases. Since all these existing methods can not
be improved upon, we worked in conjunction with a
software maker to create a new weld method made from
an assembly of hexahedron elements through which the
sum of all forces was combined into a single resultant
force representing the load measured by the whole weld.

Having made a truly mesh independent representation
of the force in the spot weld, we then show the
simulations representing the library of spot weld coupon
tests to determine the failure parameters. These failure
parameters are set using the failure forces from the test
library and confirmed by a DOE study of all the material
strength and gage combination in a parameterized model
run using optimization software to automatically prepare,
run and analyze several dozen simulations efficiently.

Then we describe an efficient method to assign the
proper failure parameters to each weld stack up in
vehicle model with thousands of spot welds. An
algorithm designed and programmed as a custom macro
in the preprocessor allows the engineers working on a
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large model to select some or all of the spot welds and
quickly assign or reassign weld strengths to those welds.
Finally, the accuracy of this method is shown in a full
vehicle side impact model and compared to an actual
crash test.

2. Failure Method Based on Peak Force

In order to select which failure methodology to focus
on, the available methods in LS-DYNA are evaluated
and relative merits are considered.

The oldest failure method, so-called the
“*CONSTRAINED_SPOTWELD” method, is also
closely tied to the meshing technique, because it is a
mesh dependent method. It requires a node of the shell
elements representing the sheet metal to be coincident
with the node of the rigid body representing the spot
weld. The failure criterion is shown in Eq. 1@ for this
method and is valid once FC becomes greater than 1 as
the normal force f,, and the shear force f, increase to their
respective strengths, S, and S..

FC= {MJ ", |fs|jq "
S S

Although the failure method available for
*CONSTRAINED_SPOTWELD takes into account shear
and tensile loads, the resulting inefficiency imposed on
the model build process by having to mesh the shells
with the weld points predefined is simply too great an
expense. In addition, this method is difficult to apply to
3 or 4 sheet welding because there will be nodes that
are constrained by more than one rigid body. For these
practical considerations this method is rejected.

A second method considered called *MAT_100 DA
is still in development during this period of research.
Because it is undergoing changes, there are practical
issues of limited access to versions of both the solver,
LS-DYNA, and of a preprocessor which supports al the
features necessary to implement that failure method.
Because of these practical considerations this method is
also rejected.

The third and final failure method we ultimately
chose to use is based on force and initially available for
beams or a single hexahedron. This method is called
*MAT_100 with the option flag set to zero. Ultimately,
the LS-DYNA code is modified to also allow this failure
criterion to work with the resultant force-based failure
criteria as measured through an assembly of 8
hexahedrons. This method takes into account forces and
moments in three axes for a total of six failure criteria
as shown in Fig. 1 and Eq. 2¥.

o T T ]
) NRR NRS NRT MRR MSS MTT (2)

NRR (tension) is a function of thickness and nugget

diameter. NRS equals NRT (shear) and they are a
function of thickness, nugget diameter and material
grade. MRR (torsion) is a function of thickness, and
nugget diameter. MSS equals MTT (peel) and they are
a function of thickness, nugget diameter, and material
grade.

It should be noted that there is no strain rate
component to the weld evaluation data or criteria. The
basis for this omission is the research from Madasamy®.
In his study, spot weld coupon tests using mild and high
strength steels in hundreds of thickness and material
combinations have showed insignificant strain rate
dependence.

NRR
R (tension)

/L I MRR
S TP (torsion)

MSS MTT
(peel) (peel)
~—
NRS «— '\r‘]RT
(shear) (shear)

Fig. 1 Single weld assembly illustrating directions of
failure criteria

3. Achieving True Independence from Artifacts
of the Mesh

First, although it may be assumed that the mesh
dependence of beam welds with single point constraints
to the shell mesh representing the sheet metal is well
known, a small experiment is done to demonstrate this
fact. A coupon welded by a single beam is put in shear
and the force through the beam is measured. This beam
is placed at the center of the quad shell element, then
at a node and finally at an edge and the force of the
beam plotted is easily shown to be dependent on its
position on the shell mesh. This violates the assumption
of mesh independence our failure criterion requires and
thus invalidates the use of beams of this type. Figure
2 below shows this variability in the force.

Next, the more subtle distinction can be shown
between hex representations of the spot weld. The
internal weld forces used as the weld failure criteria
should remain consistent regardless of relative placement
of the weld to the master segments of the sheet metal
in order to successfully apply predictive weld failure. In
this study, the mesh of the weld is refined from 1-hex
representation and then further refinement of 4-hex, 8-
hex, and 16-hex representation is performed in order to
determine the best weld configuration for the application
of weld failure. The internal weld forces are then
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compared to the external forces of the model to confirm
that they are in good agreement, and in order to evaluate
the mesh independence of the weld ®. The mesh size
of the master segment is set to 5 mm, which is an
appropriate mesh size for full vehicle crash models,
while the diameter of the weld is 8 mm, a large but
plausible size of a spot weld applied to the vehicles.
Four cases are considered as shown in Fig. 3 and the
experimental set up is shown in Fig. 4.

Comparing the internal weld forces in Fig. 5, the
single hex weld is subject to spurious weld forces due
to the master segment passing through the weld. The
4-hex assembly compares reasonably well to the more
detailed weld representations. There is a minimal
difference between the 8-hex and 16-hex configurations
indicating that further mesh refinement beyond eight

Beam force dependence on placement on shell element

15000
——
10000 ,4%
©
o /
S
L 5000 —e— Center [
/ —a— Corner
—— Edge [
0

0 0.002 0.004 0.006 0.008 0.010
Time (s)

Fig. 2 lllustration of mesh dependence of beam welds

Single 4-hex

elements is unnecessary. By taking a cross section cut
view of the model through the weld in the deformed
shape, the importance of the mesh refinement becomes
clear, as shown in Fig. 6. As the number of nodes is
increased on the slave side of the weld contact, the
contact becomes more robust; therefore, it becomes a
more stable representation of the weld connection.

The underlying cause of this phenomenon is
illustrated in Fig. 7(a) through Fig. 7(c) where we can
see almost by inspection that the root of this problem is
the simple mismatch between the master shells of the
contact and the slave nodes in the weld. Fig. 7(a)
shows the tied contact for a single hex weld. The center
element of the master segment is not included in the tied
contact because the weld element is larger than the
master segment mesh. This allows the master segment

Internal spot weld forces

25000 T
—a— Single-hex
20000 || —=— 4-hex /
—— 8-hex /
Z 15000 --o--- 16-hex /‘—/ g
= g
o
$ 10000 o
. W’
0
0 0.010 0.020 0.030

Time (s)

Fig. 5 Internal weld forces comparing effects of
mesh refinement of weld

8-hex 16-hex

Fig. 3 Hex weld mesh refinement ranging from 1-hex to 16-hex configurations

Prescribed
displacement

v

NN

Weld assembly: Internal weld forces
obtained in SWFORC file

SPC: External forces measured with
SPC constraints

Fig. 4 Mesh and schematic diagram of simple test model to evaluate mesh independence within LS-DYNA
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to pass through the weld. This results in a non physical
representation of the weld. Fig. 7(b) shows the 4-hex
configuration. As the master segment deforms, there
remains some pass through with the tied contact because
the mesh of the weld continues to be coarse. This is
accounted for to a point by using the SPOTHIN
parameter. This results in a softening of the weld
internal forces because it allows the master sheets to
move closer together inside the weld which is not
physical. Finaly, Fig. 7(c) shows the contact patch for
the 8-hex configuration which is similar to that of the
4-hex weld. The tied contact is more robust due to the
weld consisting of an inner ring of nodes, rather than a
single node for the 4-hex assembly. The internal weld
force is within 1% of the 16-hex configuration indicating

Pass through |

that the refinement of eight elements for the weld is
sufficient.

In order to properly connect the two under all
circumstances it is necessary to have at least one node
from the weld on each master segment of all the shells
in direct contact with the weld. For the range of mesh
sizes studied here, it was determined that the 8-hex
assembly shown in Fig. 7(c) was independent enough
of the adjoining shell mesh as to render it reliable.

Mesh dependence is considered for the case of
changing the relative position of the weld to the master
segment as shown in Fig. 8. The mesh density of the
master segment is slightly altered in order to avoid

v Pass through

Fig. 6 Cross section view of deformed shape for various weld mesh densities
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Fig. 7 Schematic of tied contact patch for 1-hex (a), 4-hex (b), and 8-hex (c)
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Fig. 8 Positional cases evaluating mesh dependence for 4-hex and 8-hex weld assemblies
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moving the weld which would change the physicality of
the model.

The internal and external forces shown in Figs. 9 and
10 compare well for both the 4-hex and 8-hex welds.
However, there are spurious weld forces in the 4-hex
case due to the contact not being as robust and allowing
the master segment to pass through the weld. The
severity of this pass through is dependent on the location
of the weld relative to the master segment. This issue
does not present itself in the case of the 8-hex weld
assembly.

Mesh dependence is then considered for the case of
rotating the weld relative to the master segment as shown
in Fig. 11.

Mesh dependence of the 4-hex assembly is noted
when comparing the internal and external forces [Fig.
12(a)]. The 8-hex weld assembly has a much greater
internal energy since the tied contact is much more
robust and the mesh is fine enough to capture the
deformed shape of the weld [Fig. 12(b)]. This results
in the internal forces of the weld to be very stable and
in good agreement with the external forces. However,
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Fig. 9 Comparison of internal weld forces to external forces of 4-hex welds
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Fig. 10 Comparison of internal weld forces to external forces of 8-hex welds
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the 4-hex weld assembly exhibits severe hour glassing,
indicating a lack of robustness with the tied contact, and
that the mesh is too coarse to capture physical behavior
of the weld. This results in measurable mesh
dependence, and a lack of agreement between the
internal weld forces and the external forces.

Although not shown in detail here, the 16-hex weld
assembly does not exhibit any further benefits from the
8-hex version. Therefore to avoid unnecessary
complexity and based on these results, the best weld
configuration is an 8-hex weld assembly in order to
successfully apply weld failure in a predictive manner.
Internal weld forces, which are used as the criteria for
the failure model, are stable. No error will be introduced
as a result of any mesh dependence of the weld.

4. Calibration of the Failure Parameters to
Coupon Tests

One assumption of this work is that there exists a
database of spot weld strengths for the entire matrix of
spot welds. These strengths depend on the thickness and
material of each sheet in the weld, the number of sheets
and the nugget diameter (which itself depends on the
welding schedule). From an iterative routine using
commercially available optimization software the correct
values for the failure parameters NRR, NRS/NRT, MRR,
and MSS/MTT are determined stochastically. The
starting values for the failure parameters are the external
peak loads achieved by actual tests. However, due to
the slight differences seen in the previous section
between the internal weld forces and the externally
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Fig. 11 Rotational cases evaluating mesh dependence for 4-hex and 8-hex weld assemblies
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measured load, these values do undergo adjustment on
the order of 10% until the measured load achieved by
simulation matches the target values. This method is
sufficient to determine NRR, NRS and NRT. The weld
coupon simulation models used for this correlation are
shown in Fig. 13.

These two experiments are sufficient to determine the
shear and tensile failure parameters. Furthermore, these
are the only existing experiments where complete data
for all material grades and sheet thicknesses are
available. However, the torsion and moment failure
parameters of MRR and MSS/MTT are still unknown.
If the values are left as O in the material definition, then
the failure criteria may not be reached in certain limited
load cases, which are not common as the initial rupture,
but can become the failure mode after several welds have
ruptured. The following process is used here. MRR is
assumed to be proportional to NRS/NRT and MSSIMTT
are assumed to be proportional to NRR. Keep in mind
that MRR, MSS, and MTT are not forces but moments.

&

Weld in tension

Fig. 13 Test and simulation spot weld coupons
showing shear and tensile load cases

Weld in bendi

el T e ey

Fig. 14 Bending and torsion parameter check
simulations

Once this proportionality relationship is assumed a very
limited subset of simulation experiments is run and
checked against a single case in the published literature
and a single internal experiment®. These simulations are
shown in Fig. 14.

5. Automatic Assigning of Failure Parameters in
Large Models

A proprietary script is developed for multiple
preprocessors which interrogates each weld and
determines its connections. Thickness of the sheet metal,
material grade of the sheet metal and the total number
of sheets in the weld are all taken into consideration for
the script. Once the script determines this data for a
given spot weld, a look up table of weld failure
parameters is consulted by the script and a MAT_100
material is created with those failure parameters and that
weld element is moved into that part. If a part with
those same properties already exists, then the weld is
simply moved into that existing part with other welds
of the same configuration.

This script works in conjunction with the entity
known as a connector which already contains the
connection information and as is the case can create the
mesh element from the connector format efficiently. As
aresult of careful programming of the script, we are able
to assign or reassign all the welds in a full vehicle model
on the order of 10 minutes using commonly available
engineering computer workstations.

6. Results in Full Vehicle Crash Simulations

The 8-hex welds and the automatic assigning of the
material failure parameters through the preprocessor
scripting have shown to be usable in a development
engineering setting. An example illustrated here is a side
impact crash simulation of a vehicle with several million
elements. The automatic assigning script process has
been used to set the material failure parameters for all
the spot welds in the vehicle, so each has the potential
for failure criteria to be achieved depending on the loads
seen during the simulation. Furthermore, the impact on
analysis run time between beam welds and 8-hex
assembly welds with failure criteria was approximately
5% of the overall run time of approximately 24 hours
in this case. This lack of time penalty caused by the
decrease in mesh size is due to the artificial scaling of
the modulus of elasticity in the weld material definition.
Although this decrease is significant and smaller than
what is being applied to the beams, it does not seem to
cause a significant change in the intrusion measurements
compared to the beams or compared to the actual test
result. The correlation between the welds which
ruptured in the actual test compared to the welds which
failed in the simulation was good The simulation
showed only 3 welds in the front of the side sill area
near the front wheel which ruptured. This comparison
is shown in Fig 15.
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~

Fig. 15 Comparison of side impact simulation and test results

7. Conclusion

By determining a method to create truly mesh
independent weld elements with an appropriate failure
criteria method, a practical method to help predict spot
weld rupture behavior has been achieved.

As a practical matter, since the precision of the
prediction methods is within the variability of the test
results, the methods developed here have been proven
useful for development work. In addition, other practical
considerations such as model fidelity, computational run
time, and model set up have only been impacted to a
small degree. Therefore these methods should be viewed
as viable tools during the development of spot welded
structures.
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ABSTRACT

This paper describes the development of a low-cost
polypropylene (PP) bumper face material at Honda R&D
Asia Pacific. This material realizes high impact
performance at low temperature, and low specific
gravity, which are Honda's worldwide quality
requirements.

In order to simultaneously realize good low-
temperature properties, high rigidity, and low specific
gravity as the conventional bumper characteristics, it was
necessary to polymerize block co-polymer polypropylene
(BCPP), the main component, and then add expensive
rubber material and high crystallization PP during the
subsequent compounding process.

In this development, new catalyst properties and
profile rationalization were employed, permitting
manufacture of a more rigid BCPP that contains a large
amount of rubber, which is advantageous for impact
performance. By using this BCPP as a base resin, a less
expensive bumper face material that had good
productivity was developed.
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Table 1 Role of material

Process Composition Role
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rocess - : -
P Post-addition elastomer | Impact and paintability

Talc Rigidity

gboboooboooboobobooboobobobobobooboo
gbobooobooooobooboobooboboboboonoog
goooOopoOoOoQopoQoDOoDoO Fg.40D00OO

gooobooobobooobooboboosecpPPOOD
gboboobooooboboobooboobobobobooboo
ooobDOooOOoooocOooOooooooonie PP OO
gbobogobooooboooboobooboboboboog
ooo

Fig. 3 Structure of BCPP

Oilfield Petrochemical plant

PP polymerization plant

Compounding Molding

Digging Distillation Cracking

Polymerization

Mixture/extrusion Injection molding

—>| Propylene |~

|LPG|

a-olefin

Other
Asphalt paraffin

_>| PP compound |_’ {)

| Naphtha |——-| Ethylene |<
. elastomer
Crude oil — || OtherD | | Mg;Si,0,4(OH),

~(CH,~CH),—0
I

~(CH,~CH,),~

Color pigment o —

Fig. 2 Manufacturing process

0 1670



Honda R&D Technical Review

Vol.21 No.1 (April 2009)

/(\

Compounding Polymerization

PP

Talc

PP element

Post-addition(
elastomer

ElastomericO
element

Previous

-

PN

Compounding - ation PP Polymerization

Talc

Post-additionO

elastomer PP element

ElastomericO
element

Developed

Fig. 4 Idea of bumper material composition design

gogBCPP DOUODODOOO

gboboooboooooopPOObObDOOODOOOPP
0000000DbO0O000oOoOoO0oooOog BCPPO Fig.
50000000000000 o5mmO00DO00OOnOO
gboboooooooboobobobobobooboooo
O00000000Fg. 60000000000 0O0OOOO
gooboooooooobooooooooboboooooo
O0ooooooooooooooooooooooBePPO
gooooooooooooobooboboboboboobobooo
gboboooooooboobobobobobooboooo
00o0oo00ooooooooOoooooon Fig. 7P
gboboboob 1i5smm O0O00bO0obOoooooo
gboboooooooboboboobobobooboooo
gboboooboooooboboboboboboboooo

S

500 um/div

High crystallization PP element

10 um

Fig. 6 Surface of BCPP powder

O0000000oo00O0OFrg.8000C0D0OO0OOOOOOO
gbobobobooooog

Fig.9 000000000 ODODOODOOOOOOOOO
gbobobobooooooobooobooobono pPOOO

= ="

Fig. 7 BCPP powder

High crystallization PP element

10um

Fig. 8 Surface of BCPP powder (porous catalyst)

60

) Diameter Limittd
ADI<a Tet<e l'. / ’ / with(J

catalyst

N
o

Porous

Powder flow index
N
o

[EnY
o

Target — Developed

10 20 30
Amount of polymerization elastomer (wt%)

o

Fig. 9 Effect of BCPP elastomer content

0 168 0O



gboboboooooboobobobooboooon

Table 2 Effect of nucleator

Properties(] Unit( Homo PPO Hr?unglczeapt':rau
Specific gravityd -0 0.90 0.90
Flexural strength) | MPal] 540 650
Flexural modulus | MPa[] 185000 225000
Izod impact (23°C)] J/mO 220 200

Table 3 Physical properties of BCPP

Properties Unit Previous DevelopedO
Specific gravity -0 0.9 0.9
Flexural strength MPa 35 27
Flexural modulus MPa 1200 1000
Izod impact (23°C) | J/m 50 90
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ABSTRACT

The research discussed in this paper focused on the
vaporization characteristics of high-ethanol gasoline
(E85) and cold startability. The cold startability of an
E85 (ASTM Class 3) and a gasoline with identical Reid
Vapor Pressures (RVP: 71 kPa at 37.8 °C) was tested
at -30 °C. When the E85 was injected in the same
quantity as that which enabled engine start using
gasoline, the engine failed to start. The results of a
simulation of the fuel concentration in the air-fuel
mixture showed that the mixture concentration formed
by the E85 was lower than the mixture concentration
formed by the gasoline, and that the E85 mixture did not
reach the concentration required for engine start.
Meanwhile, the formation of a mixture with a fuel
concentration of approximately 2 vol% during cranking
was necessary for engine start at low temperatures. Both
simulation and test results showed that increasing the
fuel injection quantity was an effective method of
increasing the mixture concentration. Increasing the RVP
of the fuel is another effective method of increasing the
mixture concentration. The results of a simulation of the
conditions required for low-temperature engine start
using E85 at the same injection quantity as gasoline
indicated that it would be necessary to increase the RVP
of the E85 by approximately 30-35 kPa against that of
gasoline.
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Table 1 Specifications for ethanol fuel

Propert US E85 EU E85
pery ASTM D5898 CWA 15293
Volatility class 1 2 3 A | B
Alcohol [vol%] 79 min 74 min 70 min
Ethanol [vol%] - 75 min | 70 min
Methanol [vol%] 0.5 max 1 max
High alcohol (C3-C8) [vol%] 2 max 2 max
Hydrocarbons [vol%] 1721 | 1726 | 17-30
Water [vol%] 1 max 1 max
RVP [kPa] 3859 | 4865 | 66-83 35-60 | 50-100
Table 2 Test fuel characteristics
Property No. 1 | No. 2 No. 3 No. 4 | No. 5
Standard ASTM D5898 CWA 15293 ASTM D4814
Volatility class 1 3 B C | D
Ethanol [vol%] 81 71 75 -
Water [vol%] 1 1 1 1 1
RVP [kPa] 40 71 55 71 83
0000000000 E8SO0000000000O000 Table 3 Test engine specifications
goobooooboooboboooboboooboooo Cylinder configuration In-line 4-cylinder
00000000000000000000000000 Bore x Stroke [mm] 81.0x87.3
Displacement [cm?] 1799
0000O00DO0O00DOoO0oooooooooee=emOon - -
Compression ratio 11.5
000 EI00 D00OO0OD0OODOODODODOObOOOO Valve train SOHC
00000000000 oooooooooooooono Number of valves 4 valves / cylinder
00000000000000000000000000 Fuel injection system MPI
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ABSTRACT

The research discussed in this paper clarified the
effect of biodiesel fuel (BDF) on two effective sludge
generation indexes of engine oil, the base number (BN)
and the oxidation induction time (OIT). The results of
laboratory tests of oil deterioration using an engine oil
mixed with BDF showed that BDF, which contains a
large number of unsaturated bonds, accelerates sludge
generation of engine oil.
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Table 1 Properties of fuel for NOx bubbling test

Items Diesel | RME10 |[RME100 (SME20| SME100
FAME in diesel (%) 0 10 100 20 100

Kinematic viscosity
(40°C, mm?/s)

Sulfer (ppm) 3 3 <3 3 <3
Density (15°C, mgKOH/g) | 0.8356 | 0.8322 | 0.8831 |0.8377| 0.8831
Acid number (mgKOH/g) | 0.01 0.03 0.1 0.06 0.17
Oxidation stability (hr) * | 24.0< | 18.6 7.8 2.9 11

* Rancimat

2721 | 2.792 | 4.452 | 2.833 | 4.137
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ABSTRACT

Research has been conducted on a variety of
combustion technologies in order to reduce diesel engine
emissions. These technologies should precisely control
the state of in-cylinder gas (EGR mass flow, air mass
flow, and the like). However, because the controlled
object is a multi-input, multi-output (MIMO) system and
a coupled system, the use of control systems based on
conventional methods that employ PID controllers
represents a challenge. Model predictive control (MPC)
is well known as a MIMO algorithm. An intake control
system that could be applied to the intake system of a
diesel engine was constructed by supplementing MPC
with a feedback function using a disturbance observer
and compensator for the nonlinear characteristic of the
actuators. Performance tests using an actual vehicle
verified that, when applied to a two-input (throttle valve,
EGR valve), two-output (air mass flow, intake chamber
pressure) system, the proposed MPC was able to rapidly
control each output independently to the target value.
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ABSTRACT

The fuel consumption rate of gasoline engines can be
decreased by reducing cyclic variation and variations in
the combustion state between cylinders, but this
necessitates high-precision combustion control. Control
of the air-fuel ratio (A/F) in the cylinders, in particular
the local A/F near the spark plugs, is an important factor
in combustion control. A three-dimensional engine
simulation model enabling prediction of the local A/F
near the spark plugs was therefore constructed. A micro-
Cassegrain sensor able to measure the local A/F near the
spark plugs in a real engine was used to evaluate the
accuracy of the prediction. The results indicated that the
local A/F can be predicted within the range of cyclic
variation.
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Table 1 Engine specifications

Engineld 2.2L 4-cylinder gasoline engine
Bore x StrokelJ 87 x 90.7 [mm]
Compression ratio[] 11.1

Engine speed 1500 [rpm]

Tumble control valve opening(l1L5 [deg.]

Injection] Twin, Primary, Secondary

Injection timing 44.5 [deg. ATDC] (Twin)Od
25.5 [deg. ATDC] (Primary, Secondary)
=>60 [deg. ATDC] (Injection end)

Spark timingd 35 [deg. BTDC]
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ABSTRACT

The project discussed in this paper focused on the
frictional characteristics of clutch facing materials in
order to elucidate the mechanism by which the torque
capacity of the multiple-plate clutches used in automatic
transmissions (ATs) varies with their mode of use. The
frictional characteristics of the facing materials are
affected by the temperature, contact pressure, and sliding
velocity of the friction surfaces. The temperature of the
clutch plate, sliding velocity of the friction surfaces, and
degree of misalignment of the gears transmitting torque
were therefore measured in an AT during torque
transmission. Next, a dynamic behavior analysis model,
able to simulate the flow of torque transmission in the
AT, was constructed on the basis of these measurement
results. The results showed that the torque capacity of
an AT operating at a constant temperature is affected by
radial components of the friction force vectors on the
friction surfaces.
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ABSTRACT

Formulas have been developed to describe the
longitudinal vibration that occurs when the clutch
engages in an MT vehicle, and the vibration waveforms
have been used to formulate evaluation indices that
possess a high degree of correlation with sensory
evaluations.

The parts that contribute to longitudinal vibration of
the vehicle when the clutch engages were determined,
and a simulation of the first-order vibration of the torsion
system of the body and drivetrain was constructed,
enabling specifications to be evaluated at the initial stage
of vehicle development, when no prototype vehicle has
yet been constructed.

The use of the new method in the development of a
production vehicle enabled early determination of
specifications, such as driveshaft stiffness, and the
application of control to rapidly reduce engine speed,
enabling effective responses to be proposed.
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ABSTRACT

In order to respond to the increased amounts of
torque being transmitted by the metal pushing V-belts
in CVTs, it was necessary to increase precision in the
formation of the metal rings employed in the belts. This
necessitated the achievement of a higher level of
precision in the surface forms of the rings, a requirement
that demanded the development of a three-dimensional
surface form measurement technology enabling
quantitative evaluation of the manufacturing processes
and manufacturing history of the rings. While there is a
standard method of evaluating the precision of the
surface form of the rings in the direction of width, no
integrated method of evaluating the continuous sectional
form in the direction of the circumference has been
available. The developed method uses general purpose
laser sensors to gather continuous data on the sectional
form of the rings, enabling reproduction of the three-
dimensional surface form of the rings around the entire
circumference. This has enabled quantification of the
cyclic deviations in surface form that occur during the
manufacturing process.
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Table 1 Raw data for evaluation of measurement
repeatability

h mmO No. 10 - -[J No.100| Average
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|
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Averagel | 0.1659 - -0 o0.17200 0.17090

Table 2 Result of ANOV for measurement
repeatability
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A questionnaire survey and interviews were
conducted with users of electric scooter in order to
determine the psychological effect of using these
vehicles. It was found that there was a significant
increase in the level of satisfaction reported by
respondents in going shopping, running household
errands, and traveling between their house and fields
after they commenced using an electric scooter. Forty-
five percent (45%) of respondents indicated that they felt
less fatigued when leaving the house since they began
using a scooter. In addition, more than 40% of
respondents answered that the use of an electric scooter
had increased their confidence when they left the house,
even if they went out alone. Prior to purchasing an
electric scooter, most respondents had lost the means of
mobility that they had used previously, and were
experiencing trouble walking. This can be considered to
have resulted in a decline in their feelings of self-
efficacy and self-esteem. After beginning to use an
electric scooter, survey subjects recovered feelings of
self-efficacy and self-esteem, and regained self-
confidence. It can therefore be concluded that electric
scooters are able to contribute to the maintenance or
enhancement of the quality of life (QOL) of the elderly.
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Table 1 How subject learned about electric scooter

| saw a userld

| saw an electric scooter in a shopd

| saw a leafletO 12% ( 53)0

| saw an advertisement in (J 12% ( 53)0
the newspaper(] O

50% (229)0
21% ( 94)0

| saw an advertisement in a magazine[ 5% ( 25)0
| saw a TV commercialll 4% ( 19)0
| saw one on the internet[] 4% ( 19)0
OtherO 21% ( 94)0
No responsel] 3% ( 15)
N = 458
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Table 2 Time spent using the electric scooter on each trip outside the house

Overalll Living O Living with O | Living with al)i x?value
O alonel] spousel] childO

N =458 n =60 n =204 n=163
For less than 30 minOJ 31% (142)0 22% (13)0 33% (67)0 31% (51)0 2.770
For 30 min to 1 h(J 37% (167)00 23% (14)0 40% (82)0 38% (62)0 578" 0
For1to 2 hJ 20% ( 93)0 35% (21)0 17% (35)0 19% (31)0 9.40*0
For 2 h or longerQ] 4% ( 20)0 7% ( 4)0 4% ( 8)U 3% ( 5)0 1.490
No response 8% ( 36) 13% ( 8) 6% (12) 9% (14)0 -0

0
** 1 p<0.01, T : p<0.1

Table 3 Changes in status of trips outside the house

OverallOd Living O Living with O} Living with al}  x?value
O alonel] spousel] childd
N =458 n =60 n =204 n=163
I no longer become very tired when leave [ 45% (208)0 45% (27)0 45% (92)0 45% (74)0 0.000
the housel O O O O O
| am now able to go places that | had O 39% (183)0 37% (22)0 38% (77)0 41% (67)0 0.570
been visiting less frequently O O O O O0
| leave the house more often] 37% (174)0 33% (20)0 38% (77)0 38% (62)0 0.460
| take more walks and strollsO 21% (97)0 8% (5)0 22% (45)0 25% (40)0 7.15*0
| can go to places that I've never been tolJ 16% ( 77)0 10% ( 6)0 18% (37)0 17% (28)0 2.270
beforeld O O O O O
OtherQ 9% (43)0 8% (5)0 11% (22)0 9% (15)0 -0
No noticeable changel] 14% ( 66)0 20% (12)0 16% (33)0 13% (21)0 1.850
No response 4% ( 20) 11% (7) 29% (7) 7% (12) -0
*: p<0.05
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Table 4 Changes in feeling towards trips outside the house

Qverallll Living O Living with 0§ Living with al} x?value
O aloneld spousel] childO
N =458 n =60 n =204 n=163
| am more confident when leaving the house, even [144% (206)C] 42% (25)0 47% (95)0 42% (69)0 0.850
if 1 go aloneld [ a0 0 O O

I no longer feel that leaving the house is a hassle | 43% (201)(] 42% (25)0
34% (157)0] 32% (19)0

| am now able to enjoy a variety of sights and [
sceneryl]
| enjoy meeting peoplel]

25% (116)[] 23% (14)0

42% (86)0 | 47% (77)0 | 1.110
350 (71)0 | 33% (540 | 0.250
O 0 O oi O

23% (47)0 | 26% (42)0 | 0.390

| am more comfortable since | have to ask for help [l 19% ( 90)C 8% ( 5)0 20% (41)0 24% (39)0 6.70*0)
less and don’t need someone to go with melJ [ O 0 O 0
OtherQ 5% ( 24)0] 8% ( 5)0 6% (12)0 4% ( 7)0 -0
No noticeable changel] 14% ( 65)] 12% ( 7)0 15% (30)0 15% (25)0 0.490
No response 5% ( 23) 6% ( 4) 4% (1 9) 2% ( 4) -0
* 1 p<0.05
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Table 5 Subject attributes

Subjectl] Sex[]| Agell| Living alone or with others[]
Al FO | 80 - 89(]] Living with son
BO MO | 80 - 891]] Living with spouse (C)O
cO FO | 70 - 79100 Living with spouse (B)C
DO MO | 80 - 891l Living with spousel]
ED FO | 70 - 79[ Living with childO
FO FO | 60 - 69(] Living with spouse and son[]
GO FO | 70 - 7900 Living with spousel]
HO FO | 80 - 891]] Living with spousel]
10 MO | 80 - 891l Living aloned

1) Sex: F = Female, M = Male

Residence[] Ability to walk[]
Single-unit dwelling[| Difficulty walking (use of cane required)[]
Single-unit dwelling[] Ambulatory but only for short distances[]
Single-unit dwelling[]] AmbulatoryC
Single-unit dwelling| Difficulty walking
Single-unit dwelling[J] Ambulatory but only for short distancesO
Single-unit dwelling[J] Ambulatory(]

Single-unit dwelling| Ambulatory but only for short distances[]
Single-unit dwelling[J] AmbulatoryC
Single-unit dwellingJ| Ambulatory but only for short distancesl]

gboboobobobooboooboooooooboooboon
gobooobooobooboboobboobobooon
gobobooooooobobobobobobooooo
gobobooooooooooboooooooboooooo
gboboboooooooboboboboboboooooo
gobobooooooooboobooboooooooboooooo

gobooobooboomooobooboobooboog
gbobobobooboooooobooobobobobo
oooooo"Ooobo00ooo0ooobooooooDo
gbobobobooboooooooboobobobonbo
gbobgobobooobooobooooboobobooboooo
gboboboboobooooobooboobobobonbo

gobobooooooobobobobobooboooooo
00000 Fg. 4000000000 0OO0OCOOOO
goboboooooooboboboboboboooooo
gobobooooooooboooboooooboobooooo
goboboooooooboobobobobobooooo
gbobobooooooobobobobobobooboooo
goboboboooboood
gbobobobobobooooboooboooboobooban
goboooobooobooboboobboobobooo
gbobooboooobooobooooboboboboonog
gboooobooooooobooboobobobobooonog
gbobooooooobobobobobobooboooo
gobooooooooboboboboboboooooo
gbooooboooboooboomooboobooobooboooobon
goboboooooooboboboboboboobooog

Fig. 4 Subject A using an electric scooter to pay
respects at a gravesite
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