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Development of an Auto Throttle System for High-
Pressure Washer Engines

Tyler RICKETTS *

Andrew BEJCEK * Nathaniel LENFERT *

ABSTRACT

An Auto Throttle system for residential high-pressure washer (HPW) engines has been developed. During
periods of non-loaded use, engine speed is reduced from 3850 rpm to 2500 rpm.

A residential high-pressure washer has two modes, loaded (the operator is using the spray wand) and unloaded
(the operator is not using the spray wand). Compared to the base model, in an unloaded condition, the Auto
Throttle control system achieves a noise level reduction of 9 dB(A). The fuel economy is increased by 43%,
overall carbon dioxide emissions are reduced, and engine and pump life are enhanced. User fatigue is reduced

through a reduction of initial spray wand reaction force.

1. Introduction

One of the Honda philosophies is the continuous
enhancement of products through economic,
ecological, and ergonomic characteristics. Launched in
1997, the Honda GC series (GC Horizontal crankshaft,
GCV Vertical crankshaft) engines are the highest sales
volume Honda general purpose engine for consumer
usage. In the late 1990s, residential high-pressure

Spray wand

washers became very popular. Consequently, sales of
the GCV engine increased and today the majority of
GCV engines are used in the residential high-pressure
washer (HPW) market. The Auto Throttle system for
the GCV engine was launched to U.S. customers in
March 2010. Figure 1 shows the first application for
the Auto Throttle engine on a residential HPW with
an illustration of the Auto Throttle control system and
its location.

Auto Throttle control

Fig. 1 High-pressure washer unit with Auto Throttle system

* HONDA R&D AMERICAS, INC.

https://doi.org/10.69239/hondatechnicalreview.2011 23 1 1



Honda R&D Technical Review

Vol.23 No.1 (April 2011)

Table 1 Honda GCV190 engine specifications
Engine type Air-cooled 4-stroke OHC single cylinder
Bore x stroke 69 x 50 mm (2.7 x 2.0 in)
Displacement 187 cm® (11.4 cu in)
Compression ratio 8.5:1

Net horse power output

3.8 kW (5.1 HP) at 3,600 rpm

Net torque

11.3 Nm (8.3 Ibs ft) at 2,500 rpm

Ignition system

Transistorized magneto

Dimensions (L x W x H)

367 mm (14.4 in) x 331 mm (13.0 in) x 349 mm (13.8 in)

Starting system

Recoil or electric starter

Carburetor

Horizontal type butterfly valve

Lubrication system

Forced splash

Oil capacity

0.551(0.58 US qt, 0.48 Imp qt)

Fuel tank capacity (liter)

0.931(0.98 US qt)

Dry weight

12.5 kg (27.6 Ibs)

2. Throttle Control for the Base High-Pressure
Washer Engine

Table 1 shows the specifications for the Honda
GCV190 engine, which is the base engine for the
Auto Throttle system. The engine has two modes
of operation, loaded and unloaded. Loaded mode is
when the user has activated the spray wand and the
HPW pump is in its full-flow, high-pressure setting.
The unloaded mode is when the spray wand is
released. This causes the pump to re-circulate in a
bypass function and the engine load decreases 90%.
The base engine control, shown in Fig. 2, uses
a mechanical centrifugal governor system with a
balancing spring to regulate the throttle’s position.
Engine speed is fixed and the typical HPW setting
is 3600 rpm. The inherent characteristic of this type
of control is to increase the engine speed when the
engine load is removed. On average, this increase is
250 rpm above the load set point. When the engine
is idling at 3850 rpm, it is noisy, unnecessary fuel

Governor
spring

is being consumed, and there is more engine wear.
The Auto Throttle control system decreases these
characteristics.

3. Auto Throttle Control for GCV High-Pressure
Washer Engine

The fundamental purpose of the Auto Throttle
control system is to sense an engine load demand.
In the beginning of the development, five goals were
set: reduce noise, reduce CO,, minimize cost impact,
increase component life, and create an automatic, self-
contained system.

Figure 3 shows the components of the Auto
Throttle system. The exclusive components developed
for this system include a vacuum diaphragm
and pivoting governor arm. Their function is to
provide load-sensing feedback. Other contributing
components include a centrifugal governor and
supporting governor spring, a throttle return spring,
and a ported carburetor insulator.

Governor
arm

Centrifugal
governor

Fig. 2 Fixed Throttle control of GCV engine
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3.1. Operation Cycle

Figure 4 shows the main operation cycle and noise
level of a HPW using both the base fixed throttle and
Auto Throttle systems. When the engines are loaded,
the performance is the same. But when the spray wand
is released and there is no pump demand, the base
engine increases engine speed while the Auto Throttle

system reduces it.

Engine speed (rpm)
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1500

1000
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3.2. Parts Function in the Auto Throttle Control
System

3.2.1. Vacuum Diaphragm

Figure 5 shows a cross-sectional view of the
diaphragm assembly. The function of the diaphragm
is to convert engine vacuum into a mechanical force
to close the throttle. Manifold vacuum pressure
is supplied to the diaphragm through the ported

Throttle return
spring

Ported carburetor
insulator

Centrifugal
governor
Vacuum
diaphragm
Governor spring Pivoting
governor arm

Fig. 3 Auto Throttle system components

Spray wand released

150
e ———————— — 140
= z
N . | Auto Throttle 130 g.
~ )
\ . 120 5 g
~—~ T3
110 37
o 2
°2F
. F100 22
> S E T f == 2= = =
B - 90
“%§===ﬁ:‘i-rh'gtl=e===== — -Base HPW rpm
~80 | —-= Auto Throttle HPW rpm
70 | = ‘Base HPW noise
0 2 4 6 8 == Auto Throttle HPW noise
Time (s)
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Fig. 5 Vacuum diaphragm construction
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carburetor insulator. As the engine load decreases,
the internal manifold vacuum increases. When
manifold pressure reaches approximately -6.6 kPa,
the diaphragm begins to close the throttle. Diaphragm
force is affected both by its stroke position and by
the vacuum pressure signal of the engine intake. Since
the application is a single cylinder engine, the vacuum
pressure is always pulsating, which is undesirable
for system stability and durability. Therefore, an
orifice was added in the diaphragm inlet to reduce the
pressure fluctuations inside the diaphragm body. The
orifice diameter and diaphragm body volume have
inverse effects on the pressure fluctuation and response
time. By reducing the orifice diameter or increasing
the diaphragm body volume, it is possible to reduce
the pressure fluctuation within the diaphragm.

However, these changes also influence the response
time of the engine. Once body volume was determined
based on force requirements and packaging space, the
orifice diameter was optimized through testing. Figure
6 shows a portion of the test results.

3.2.2. Centrifugal Governor

The centrifugal governor’s primary purpose is to
regulate engine speed at the rated load of the engine.
As shown in Fig. 7, as engine speed increases, the
centrifugal governor closes the throttle. The rotational
movement is provided by the engine crankshaft. As the
engine speed increases, the flyweights swing out and
push the slider. The slider then generates a moment on
the governor shaft that closes the throttle. The speed
at which the centrifugal governor maintains steady

4000 +
Larger orifice diameter
Orifice diameter too large —i
results in instability .
3500 -
Smaller orifice diameter
/E~ _ Orifice diameter too small
results in slow response —
£ 3000 / .
3 - i
g N 7
‘S 2500 - L
] i e
i J — -0.50 mm orifice
s . — 0.60 mm orifice
i / 0.70 mm orifice
2000 - -=-0.75 mm orifice
R\ - r ===Final specification
w0 f . - - 0.90 mm orifice
\\,_-/ -~ L 1.00 mm orifice
1500 , e , , : : ,
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Time (s)
Fig. 6 Orifice effect on system response time
Throttle lever
Pivoting
governor Centrifugal

Governor

Centrifugal
governor

Carburetor

Ported governor
carburetor

insulator

Slider

Fig. 7 Centrifugal governor configuration
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state is balanced by the governor spring. Typical HPW
setting is 3600 rpm while loaded. The centrifugal
governor is unchanged from the base engine.

3.2.3. Pivoting Governor Arm

The governor arm’s role in the system is to
function as connection between input forces and
regulation of throttle position. As shown in Fig. 8, the
arm receives input from the centrifugal governor (Fy),
diaphragm (F,), governor spring (Fgg), and throttle
return spring (Frg).

o

Throttle opening

Throttle closing ‘

Fig. 8 Pivoting governor arm force summary

A governor arm pivot was created to alter the
moment induced by the governor springs when the
engine is idling. The force of the governor spring
is relatively high, and adding a pivot joint to the
governor arm allowed the force required of the
diaphragm to be smaller in comparison, thus reducing
its overall size. The pivot allows a change in throttle
position to be isolated from the governor shaft.
As shown in Fig. 9, the optimum pivot travel was
determined through testing. If the pivot angle is too
great, the engine will not return to high speed from
idle; if the pivot angle is too small, the engine is not
stable in the idling condition.

3.2.4. Governor and Throttle Return Springs

Figure 3 shows the governor spring and throttle
return spring. The governor spring is critical for
maintaining the proper engine speed when the engine
is loaded; therefore, it was important to maintain the
basic spring design from the base engine. Early in
development, testing showed that this spring generated
a moment that was too strong when the engine was
idling, so it was not possible to balance the system
to operate correctly in both idle and high-speed
conditions without changing the base engine governor
system. The governor arm pivot joint was added to
keep the base engine governor spring and maintain a
small diaphragm package. Consequently, a stronger
throttle return spring was required to overcome the
friction of the governor arm pivot joint.

4000 -
9 mm travel — 7 mm travel
Qovernor arm -==10.3mmtravel = - 9.7 mm travel
3800 inge travel e Final specification
3600 -
3400 -
€ 3000 | Smaller hinge travel
e Hinge travel too small
3 results in instability at
S 3000 - idle
%)
[0)
£
g 2800 -
L
2600 -
Bl 2 e ALY Larger hinge travel
2400 G o g ST T N n Hinge travel too large
results in slow response
or “sticking” at idle
2200 -
2000 T T . . . :
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Response time (s)

Fig. 9 Governor arm performance
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4. Basic System Configuration

There are four forces that work to regulate the
throttle position of the engine. As shown in Fig.
8, the diaphragm (Fj) and centrifugal governor
(Fg) create a moment about the governor shaft that
controls the closing of the throttle. The governor
spring (Fgs) and throttle return spring (F;g) create a
moment about the governor shaft that controls the
opening of the throttle. If the opening moment is too
long, the engine cannot idle properly. If the moment
is too short, the engine cannot return to high speed
when idling. Figure 10 depicts graphically the Auto
Throttle system controlling the engine speed. From t
= -1 to 0, the throttle close moments (Fg + Fp) are
longer than the open moments (Fgq + Fpg). At t = 0,
the spray wand is activated, the engine load increases,
and the vacuum signal weakens. During this transition
from idle to high speed, the open moments overcome
the close moments and the engine speed is then
solely regulated by F; and Fgg+Fs. From t = 2 to 7,
the engine operates at rated load. Rated load for the
GC series engine varies from 50% to 80% throttle
opening depending on the application. At t = 7, the
spray wand is again released. As the engine load is
removed, the engine speed immediately increases, the
throttle plate closes, the vacuum signal builds again,
and F, overcomes Fq initially. As the engine speed

is decreasing, Fss and Fg also decrease, Fy, pulls the
throttle plate closed, the engine vacuum stabilizes, and
the system is balanced at idle.

5. Performance Evaluation

5.1. System Design Verification

In order to determine an appropriate system
response time, a survey was conducted using several
Auto Throttle engines that were modified to exhibit
differing response characteristics when the spray gun
was engaged and released. Actual HPW customers
participated in the survey and provided feedback on
the response characteristics. Based on the results, a
maximum response time criteria was determined for
transient conditions when spraying water and not
spraying water.

In the final product, any factor that changes
the engine output power, which includes engine
temperature, engine friction, air-fuel ratio, and
barometric pressure, also affects vacuum pressure.
Other factors that affect system operation include
pressure washer pump load part tolerance,
manufacturing variability, and assembly. To guarantee
the final performance of the Auto Throttle system,
machines were built in “worst-case” configurations and
verified to meet the design criteria. Figure 11 shows
the testing results.
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5.2. Noise and Fuel Consumption Enhancement

Two goals in the development were reducing
noise and fuel consumption. The achievement level
was determined by running the engine in high and
low idle conditions and measuring the differences.
The sound pressure level was measured in a hemi-

anechoic chamber following the guidelines described

Engine speed (rpm)

Fuel consumption (I/h)

in ISO11094'”. Fuel consumption was measured by
applying a steady load with a dynamometer and using
a gravimetric flow meter. The loading conditions
during these tests were set based on the typical
loading applied by a HPW pump. Figure 12 shows
the testing results.
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Fig. 11 Load on and off response time limits
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Fig. 12 Noise and fuel consumption achievements
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5.83. Spray Gun Force Reduction

Another benefit of the Auto Throttle system
controlling a HPW engine is the reduced level of
reaction force (or recoil) that occurs when the operator
activates the spray wand. The initial engine speed
and water flow are less than the base model HPW;
therefore, the operator does not have to apply as much
force to counteract the recoil caused by water exiting
the wand. Instead, the reaction force builds gradually
as the engine speed increases. This force transition
was measured by supporting the HPW spray wand
with a load cell and recording the force generated
when the wand is activated on a base model engine
and an Auto Throttle engine. Figure 13 shows the test
results.

Reaction <
force

<«

Base engine ====-
0.8+

20% force Auto Throttle engine

reduction
0.6 g ==erpenen

-

0.4+

Gradual force
build-up

Reaction force (N)

0.2

Time

Fig. 13  Operator initial force

6. Conclusion

The Auto Throttle system accomplished the five
development goals. The noise level of the engine in its
idle state was reduced by 9 dB(A). This achievement
is a result of reducing base engine speed from 3850
rpm to 2500 rpm using the Auto Throttle system.
CO, emissions from the engine in its idle state were
reduced. The emission reduction was confirmed by
measuring the change in fuel consumption while the
engine is idling. Idle fuel consumption was reduced by
43%. The system surpassed the initial cost reduction
target by using common components between the
base and Auto Throttle models. By reducing the
engine idle speed, the Auto Throttle system achieves
a 35% reduction in pump and engine revolutions in
the idle state. Using engine vacuum as the actuation
mechanism, the Auto Throttle system can automatically
control the idle speed; no activation or adjustments by
the operator are necessary.

In addition to the initial goals, the Auto Throttle
system also achieved a reduction in user fatigue. This

was accomplished by a 20% reduction in the initial
reaction force that the operator must support when the
spray wand is activated.

The Auto Throttle system is an industry first,
fully autonomous throttle control for a residential
HPW. A patent application has been submitted for
the achievement method of the Auto Throttle system.
Currently, this type of control is being considered for
other applications.
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The dual clutch transmission (DCT) for motorcycles
that provides direct response to throttle operations
without interruption of traction at shift was developed
and installed on the VFR1200F.

This system has two separate hydraulic circuits
for two clutches to provide individual controls. Weak
creep control at departure, deceleration adaptive shift-
down control, predictive cornering shift control,
and other controls were developed to achieve the
advanced performances in the vehicle departure and
the shift change characteristic that are demanded for
motorcycles. With those performances, riders can
enjoy the pleasures of riding without depending on
rider’s skills. Compact design of this DCT system
has made it possible to share the same crankcase raw
casting materials with manual transmission (MT) type
which is developed in parallel, and this design has
enabled the installation on the common frame with
MT system.
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Table 1 VFR1200F specifications
Dimensions (L x W x H) (m) 2.250 x 0.755 x 1.220
Wheel base (m) 1.545
Weight (kg) 267
Engine type Liquid-cooled 4-stroke OHC 4 valve 4-cylinder V-type
Engine displacement (cm?) 1,236
Bore and stroke (mm) 81.0 x 60.0
Compression ratio 12.0
Max, power (kW/rpm) 127/10000
Max, torque (N-m/rpm) 129/8750
Fuel system type Electronic fuel injected (PGM-FI)
Front tire size 120/70ZR17M/C(58W)
Rear tire size 190/55ZR17M/C(75M)

2. VFR1200F DHIEHE

VFRI1200F (Fig. 1) i3 Jeitehifhi & phiiy s 2 2 4 ) v &
EERIC TR ¥ 72K TG AR -V Y 7 55R50E
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Fig. 1 VFR1200F with dual clutch transmission

Fig. 2 External view of V4 engine with newly
developed dual clutch transmission
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Table 2 Comparison of specifications of manual transmission and dual clutch transmission

Dual clutch transmission Manual transmission
Clutch type Hydraulic dual Mechanical single
Low 2.466 2.600
Trans-mission gear ratio 2nd 1.789 1.736
3 1.409 1.363
4t 1.160 1.160
5t 1.032 1.032
Top 0.939 0.939
Number of main shafts 2 (Inner + outer) 1
Center distance (mm) 75 75
Engine oil capacity (lit.) 4.9 4.0
Clutch control pressure (kPa) 900

SHEAMETH L. IO EMAIL, E—2H 4 ZILIC

UL T2 72012, ITORBEAEEZED 7.

(1) 2 &= 2 FlERFIE L, BURZEEORLN A BT 24
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(3)MT Hzxt L, HhildeE, WivEgE, 259+, F5 02
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Sl L7z, =Y v O % Fig. 312, MT #H &
DCT #OFETLIE % Table 2 12T
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1IABM (3RS 4K) L, v avOlEL i
EE MT & F—& L.
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MT

Gearshift mechanism

Fig. 3 Comparison of engine cross-sectional drawing
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L 7z TRX420F A (Fig. 4) % 2008 4RI 58 L7z, ATV HO
DCT CIIFHMEHDEDL Y T v F 2L TWB DTk
L, E—4¥ A 27LHTEERE, 287 MbaHBEL
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Fig. 5 Structure of dual clutch
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Outershaft for 3rd, 5th, 1st gears
2nd, 6th, 4th gears I =

Mainshaft

Countershaft

Shift forks

g
Gearshift spindle
Reduction gears

Fig. 6 Transmission and gearshift mechanism
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Table 3  Shift drum position and gearshift conditions

Engaged gear

Shift drum Gearshift Odd- Even-
position # conditions numbered | numbered

gears gears

1 Neutral N N

2 Start, 1st 1 N

3 1st<2nd shift 1 2

4 2nd N 2

5 2nd<3rd shift 3 2

6 3rd 3 N

7 3rd<4th shift 3 4

8 4th N 4

9 4ths5th shift 5 4

10 5th 5 N

11 5th<6th shift 5 6

12 6th N 6

4.5. JAEEEE D4FE

77w FEZ b VHENEGIET 5MFE, DCT HHO
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274 =y 2zl sze7T, it sy Y
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Wb, IhsOMENMEELEMOT Y DY A3 —I12EH
EHBZET, MTHEDY SV o — 2 EEBL 7=
(Fig. 7, Fig. 8).
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\‘;i‘l* 1 1 CSpressure | P EOP sensor
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‘-=‘. "1_' Clutch filter
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Qil pumP
=>DCT oil line (Clutch teed pump)

Fig. 7 Hydraulic circuits
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Fig. 8 Engine right-side cover layout
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ABS modulator

[1] AT/MT MODE SIGNAL

[2] N-D SHIFT SIGNAL

[8] FRONT WHEEL SPEED SIGNAL
[4] REAR WHEEL SPEED SIGNAL

19l

[10]

11

[12]

[13]

(14
o

[16]

[5] FRONT BRAKE LIGHT SWITCH SIGNAL
[6] SHIFT DOWN SIGNAL

[7] SHIFT UP SIGNAL

[8] SIDESTAND SWITCH SIGNAL

[9] TBW MOTOR OUTPUT

[10] TBW TP SENSOR SIGNAL

[11] AP SENSOR SIGNAL

! [12] CKP SENSOR SIGNAL

: [13] #1 CLUTCH OIL PRESSURE SIGNAL
: [14] #1 LINEAR SOLENOID OUTPUT

; [15] #2 LINEAR SOLENOID OUTPUT

= [16] CLUTCH OIL PRESSURE

[17] OIL TEMPERATURE SIGNAL

[18] #2 CLUTCH OIL PRESSURE SIGNAL
[19] SHIFT SPINDLE ANGLE SIGNAL

=7 [17]

[18]

[20] OUTER MAINSHAFT REVOLUTION SIGNAL
[21] SHIFT CONTROL MOTOR OUTPUT

[19]

[20]
-[21] -

[22] SHIFT DRUM ANGLE SENSOR SIGNAL
[23] INNER MAINSHAFT REVOLUTION SIGNAL

[22]

[24] SERIAL COMMUNICATION

[23]

Fig. 9 Diagram of control system
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Fig. 10 Time chart during starting
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P N —————1

Target

#2 clutch oil pressure
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Fig. 11 Time chart of gearshift sequence
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Fig. 12 Comparison between MT motorcycle and
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Fig. 13 Gearshift modes
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Fig. 14 Early shift down logic during deceleration
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Full-scale Wind Tunnel Equipped with Single-belt Rolling Road System
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ABSTRACT

Honda has begun operating a full-scale wind tunnel
with a single-belt system. In order to simulate flow
around a vehicle in actual motion, the wind tunnel is
equipped with (1) a large-scale single-belt rolling road
system, (2) a test section that can convert between
open jet and adaptive wall systems, and (3) a model
motion system that controls the attitude of a scale
model. This paper gives an overview of the wind
tunnel facility and gives an example of wind tunnel
testing with and without an actual vehicle in place.
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Table 1 Wind tunnel aerodynamic performance summary

Test parameter Open jet results AWS results

Total pressure uniformity | APt/q=0.08% (10) APt/q=0.10% (10)

Static pressure uniformity| APs/q=0.33% (10) | APs/q=0.19% (10)

Longitudinal turbulence

0.20% (at 200 kph
intensity, u’/U (a ph)

0.199% (at 288 kph)

Aa=0.09° Aa=0.10°
Flow angularity
AB=0.09° AB=0.10°
z=2mm Ju-UJU = 0.82% |u-UJ/U = 0.15%
Boundary
layer profile | , _ 5o mm | |u-UjU = -0.42% [u-UU = 0.18%
frie%USTﬁe 100 kph 56.2 dBA
P 180 kph 71.8 dBA
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New MBD Software Development Process for Electronic Control AWD System

i ST o O%oah B
Satoki WATANABE Hiroki YOSHINO
wHon BT B * =
Yosuke SHIONOYA Takayuki SEKI

= = ABSTRACT

BTHIE AWD ¥ 27 ABFEIZE T, HEROFETHEE
' TFIILEBUC X 5 HlEERET (Model Based Design:MBD)
HEEEZEALZY 7 by 2 7HE T 22 L T,

WEOH EEBENE LT, AT AHliEGOMLAE B
ZHEIOHMMBD Y7 MYy 2 TRE SO ZEME L. £
DOFE, M7 v 2DEER Y 27 LGS Y 7 b
v = 7 abMiEEEE & ORI O RE L % % Z &5 -5 72,
F 7z, ZAUTHES EARE O FEORER, kS DU
HEEZ EF 37200277V r—varvnrs5 04 Vil
BRIk o7z,

ZoTat A%k, FiEETSETHIE AWD ¥ 27 4
DOV Ty TRRISE LR, ko 7 by 2T
FFE 7 0 & 2125 U THAAREZE T R4 50% HRET & 7=.

A new model-based design (MBD) software
development process was constructed for the
development of electronic control all-wheel-drive
(AWD) systems. This new process enhances system
control design with the aim of increasing specification
quality compared to the previous software development
process that applies executable model-based control
design specifications. The new process changes
the verification process and adjusts the division of
development duties between system control design
and software detail design. In addition, a method for
generating the related specifications was constructed,
and plug-in structuring was performed for applications
to increase the specification reuse rate.

The new process was applied to the development
of software for a new mass-produced electronic control
AWD system, and resulted in a 50% reduction in
the volume of specification changes compared to the
previous software development process.

1. EADE

WAE, B IR SN 2B TS 2 7 4 % KOl
7 b 7L, B D KB LT B A, — 5 Tl
fadatEm b, BRI O, OB KD 5T
W3, 22T, V7 by TR XU F %
EUTHETEEARTTNIZE S MBD fIAFHOEA M ED
LENTETHD, EFLELBRDHA FI4 v ililEahT
w3 (1>'

# Ui R&D £ ¥ & —

BETHIE AWD ¥ 27 ARFETIE, 2007 40w pEFETE
75, MATLAB/Simulink, Stateflow 2 (2D I — F
H#4ak Y — L ®) & Honda WO 7 — 2 3%y — W %
WHLT, B ol —2 70 EBIZ Xk 5 MBD 14k
HAEWHL 2. 20 MBD (O WEHIE, ¥ 27 A%
FH ORI DR S MBD (iifEE Y 7 by 27D
RuEAOHIK, >~ 27 AHEZEEE SRR 5 1k E 2 5
- FAERETOY T Iy 2 T7ORFEEHIZTHZ L
AEHME Uz EF 0B LU — FAEBIIH 2 Bk AT



BFHIEHAWD > X7 LICHIBHMBD V7 bz 7RETOER

KT 572912, MBD k& LCHEHTE 270 v o
OMFHDHIRL 71 v ZIZHHT 2757 A =2 AN
IR 57— 2 BEMEOHIK, 7 — 4 2k b FE0
MEABZ K >72MBD V7 b 7HRET T L 2 HH
Exhi.

ZoTuk2E VETar A TEETS L Fig. 10X
Ik B, AT AHEREE I, MBD (LD E 7L % 1E
KT B L EIZ, ETANTER SIS E NGO T —4
BEEBIK->TWE LAL, FT—2REICEWT,
PWh2ar—=0)vr28Z 551213V 7 by = 7ikito 2+
NEET S, 72, BETIAANDT —ERELEB I %) T
I3, T AREZ T TEL T =20 Z EDfHEEHRD
HUAA G 152 75 O T MBD (LARE OIERIZIE 2 K 25 5]
AEL T Ak, ZThoDOREHIY 7 by« 7REllR
SO TE H D, v 27 ARG E VU 7 b2 T RE
RET OB SR T B > 72,

72, 20T RIZEWT, ¥ AT ARG E
RitkkE ET L O—BMEAMER L &2 5 MBD fERRD K
EBIHSZENTELN, Lk S L X 2R 5
FHRIHELLTHELT, VET X ZADY 7 T 27 %%
92 TRICHWT, BIEMERRRER A2 BT 2 LA S &
Mol WRELT, VI Iz T7HBORKIHETH 3
VAT LKGET S MBD HARE AR R O B ERfERE IR & #H
LT A& ZHD &0 WELDFAESR, MBD Lk E
IO BEMER TR T X Kb o 2HHREED, ¥ 27
LRGSR TR EhB 2 -7 2O EDH:
MIBIEL — T3 K E W8, ¥ 2T ABIRO BN HARZ

System control design

System concept

Requirement specification

MBD specification
(Floating model)

MBD specification
(Fixed model)

Code generation

Software detail design

FIZk3Y 7 M2 7HKEOEAENEAKL, MBD 2L %
FITRELHAARED A ) v b EHFITTEHATE T RN E
WO ER D > 7.

2. ¥iMBD V7 Uz 7RERETOELIDRS WV

PERD MBD V7 F v x 7RI v & 2 DOFRE % fif gk
L, 612, (WEom EA2FB$T2 2 2HMELT,
HIMBD V7 by 2 7R T2 A TRUFD &S Tk
BE T
(1) BE/NETF— 2 EFLAHWEZT Y P —F 4
v I RREEDEA

(2) ¥ 27 AHIHBREHBILO 7D DOHMET + —< v |
DAERL

(3) MBD fl#tE o 7 — 2 fhiH >y — L O Fa %S

(4) RN R A L2237 TV r—v a v DT 55
A4 KA

Iholicky, v by o 7THRFEEEZ A LS, Tk
FEEOHIR > 2 7 2BROHO Y 7 b v = 7HIFEA
faf #E OREYk % [X] > 7.

3. 70> hO—F 1 > UL

31.HIMBD V7 Y 7RETOELIOVFEITOEX
Fig. 1 D &5 BEkD VETFat 2125 LT, # MBD
V7 b2 T7HE Tk 2%EFig. 20k kVETal
2L L7 RO T X 2 h 6 OZEIRLUTO TS

System verification

System test
Test design

Integration test
Unit test




Honda R&D Technical Review

Vol.23 No.1 (April 2011)

5. —rld, Y AT ARIEERE S Y 7 b o T EEIEREE
BT AN, 7ury tu—F 4 VX TRaF2 527455
ZLTHB. D —RUT, VAT LHIEBREESMERT B
MBD ik &2 8/ NS 7 — 2 DEF TR L, [/
KETF— 2 DETFALELCIZTF— R Ar—Y v %7 b
Y oo 7 ARG ST S 2 L Th B,

V7 by 2 7RG T A1 Te Y Pu—
T4 VO CRRGEE B 2 7% 0 HINE, BORMARR MBD fhhk
DARFEGD T LFENOWM 2B &, BIEL— 7%/ &<
T3 L THRIEMNHEENET2ZLTHD. £/, kL
TBAFHELTVE20, VAT LHBORKIRETH D
2T LRGEED BT &SI T 5 Z LA TE B,

gy htu—F4 VIO BEEEB I B HIIH - T,
MBD f1#kE 2R /NS T — 4 ETLICHD TELL 2 &
CkDTF—2FEIFREZHL T, ¥ I2v—Y 325
Ty a—=T 4 VIREEE TOIIL — 7 & hRINICHEER &
¥, VAT AHIEEEHCER L eEE A B Z 5D Tuk A
L7,

3.2. BRI TFRZDHEL

HIMBD V7 b = 7B T XT3, Fig. 20 V¢
TaEZTRT LI, Bt TREEZ7ey ta—574 2
MREE & FHIZ K 5 ¥ 2T AMGED — 212551 TG B %
N R A R SR U

Juy bu =74 VI REEE, E R R R
FUR(LAR & MBD {LAR O —Flk, /85 X — 2 BEHED Y
PIZOWTY I a b= 3 YRWLERGEEFfET 5. FA%

System control design

| System concept |
Requirement specification

12K B Y 2T AMGETIE, 5l S 58 o Gl <0 H ik BT
& DA VERGE, SBISIREDMGE % F2hi$ 5 (Fig. 3).
FMBD V7 by 7ot 27Tld, MBD {LkSE
EERT 3 LR, 7y ta—F g v RalEE & v
27 LABEEEBIZOWT, 7 2 PRGHEREE AR T 5 Z
LiZl7z 7uy bu—F 4 YIS OMEEA XY P T, %
NENOBAFIEE 70y b u—F 4 v 7 ORI
DNWTCLVEa—%BIk5. ZOL312, #FETOY 27
LAREETHREGY, 70y ba—F 4 YO REETCL Y 2 —
EBIRESHZEIZED, 2T AHIHEERGE P RALKREE
MY AT ABGE LD T 2 MNFIZOWTHR 2D, 7
A2 FNHEORZUMAEF v 7 FTHIENTES. ZhiZk
D, VAT LHREORRTIIETH DY 2T AMGETHRR X
N5 ZENHIBENFDORNEARIARERE SR Y 7 b
7 27 EDANHEE A HIRT D MAL L

F72, RO T e 2T, FERYIHTY 7 o 2T
BAT 27— 21F, MEICHRE SN T -4 Tidk<, #
BWTOTF AN ELENLIINTA—BORBEB Ik >T
WBZENEL, 8T A= ZDEHEMNY X F LANOhHHE
PR 2T A EARIFTZ e H o7z ATt

Front loading verification System verification

-Static operation -Dynamics performance

-Theoretical validity

-Vehicle conformity

-Design validity

Fig. 3 Division of verification items

System verification

MBD specification
(Floating model)

Test design

Software detail design

MBD specification
(Fixed model)

Front loading
verification

System test

Code generation

__________________________________________________________________

Integration test
Unit test
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Full Vehicle HILS for Enhancing Development Efficiency of Electronic Control Systems
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Electronic control systems mounted in vehicles
are increasingly functioning cooperatively by means
of multiple communication that uses multiple ECUs
(electric control systems), and verification of actual
ECUs as a full vehicle integrated electric control
system that links these ECUs is more efficient in
securing quality. To increase the verification efficiency,
Honda has developed the Honda Electrical Revolution
for Control Unit by using the Large Examination
System (HERCULES) as an environment that can
perform integrated verification of all ECUs that
comprise the on-board network, in advance of tests
using actual vehicles. This enables verification of
ECUs approximately three months earlier than with
the conventional method, and automated test operation
functions constructed at the same time also reduced
the testing period by one-half.
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Fig. 1 Example of ECU network
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Test mode
A
< 50
S
X
- Air-conditioner : ON
:‘(;J‘
o
© 30
2
Q
<
2 Head light : ON
0% >
Station or duration
Segment 1,2,8 4 5 6
Test pattern parameters
Autonomous Stimulus Equipment Segment
driving control driving control operation end condition
Segment Action name Brake i
Targgt Accelerator pedal Duration | Station Vehlqle
velocity opening operation Model label [sec] (m] velocity
[km/h] [%] [%] [km/h]
1 Head light : ON 0 0 HL_ON 1
2 AT shift position : D 0 50 AT_D 1
3 Parking brake : OFF 0 50 PB_OFF 1
Accelerator opening : 30%
4 acceleration to 60 km/h & ® G
Keep vehicle velocity
5 and air-conditioner : ON 0 ACLoN <
6 Deceleration to 30 km/h 30 5
Fig. 6 Example of test pattern parameters
Test pattern No.1
ECU name Warning lamp Standby current DTC
ECU_A Failed Passed Failed
ECU_B Passed Passed Passed
_ ECU_C Passed |  Pasced Passed
T e
ECU_V Passed Passed Passed B
ECU_W Passed Failed Passed
ECU_X Passed Passed Passed
ECU_Y Passed Failed Passed
ECU_Z Passed Passed Passed

Fig. 7 Example of report file

-

ECU rack

Network
connection

3

HILS rack 5-7

Fig. 8 HERCULES overview
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A machining jig optimized for high-precision
machining of turbine blades, which are principal parts
in aviation gas turbine engines, was developed. The
objective was methods of manufacturing that are high-
precision, low-cost, environmentally considerate, and
capable of application to mass production.

Turbine blades are airfoil parts with three-
dimensional geometry, and they are the most important
parts in determining the performance of high-speed
engines. They are manufactured by precision casting
because they employ large amounts of heat-resistant
alloys that are difficult-to-machine materials. The
blade attachment part has a special shape and requires
high precision, and is therefore finished by precision
machining. It used to be that low-melting-point alloys
would be poured into a fixture jig, using the airfoil
surface geometry as a reference, and the piece would
then be machined. However, fixing the blade in place
and removing it involved a high-temperature dissolution
process, and the labor required for the manual steps
made this method unsuitable for mass production.

An alternative material was sought in the recyclable,
low-cost resins used in motor vehicles. The resin
jigs were in a compact form machined to standards
that would allow multiple blocks to be placed on the
machining equipment; the material could be formed
simply using the insert molding manufacturing process;
it possesses the rigidity to allow high-precision
machining; removal of the jig after machining would
not result in blade deformation; and the resin should
be recyclable. Based on experimentation, PPA was
selected as the material and adopted for the fixture jig.
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Fig. 1 Image of turbine blade
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FRTP block

Fig. 2 Overview of turbine blade with FRTP block

Gap between mold and blade >0.05 mm

Inject FRTP

Fig. 3 Section view of insert mold
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Table 1  Material data sheet of selected FRTPs
PPA PLA PP
Resin content Polyphthalamide | Polylactic acid | Polypropylene
Fiber content Glass Bamboo Glass
Fiber weight ratio
45 60 40
(%)
Density (kg/m?) 1560 1390 1220
Young’s modulus
13.8 4.4 9.5
(GPa)
Charpy absorbed
10.3 3.3 37
energy (kJ/m?)
Mold shrinkage
0.6 0.3 0.7
(%)
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Fig. 4 Injection speed - mold temperature diagram
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Fig. 7 Breaking method with notch
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Fig. 9 Breaking method with 2 wedges

Table 2 Comparison of breaking load

Breaking load
Notch 2 wedges
PPA 1800 N 100N
PLA 500 N 30N
PP 1500 N N/A
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Fig. 10 Breaking method with 3 wedges from 2 sides
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Table 3 Results of breaking method with 3 wedges
from 2 sides

Yield rate
Breaking load Results
(%)

Crack was unstable.
PPA 500 N 50
Half of blocks were left.

Crack was unstable.

PLA 50 N 10
90% of blocks were left.
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Result of breaking method with 3 wedges
from 2 sides
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Fig. 12  Stress contour of FRTP block
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Fig. 13 Breaking method with 4 wedges from 4 sides

Fig. 14 Result of breaking method with 4 wedges
from 4 sides
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Visualization of Liquid Water Distribution in Fuel Cell by Using Neutron Radiography

H o ERET B &H Z A7
Shintaro TANAKA Yukihito TANAKA
=7 = ABSTRACT
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The accumulation of liquid water in the cell is
given as a major factor affecting the electric generation
performance of fuel cells, and the visualization and
quantification of this liquid water is a key technology
for fuel cell water management.

This study used neutron radiography to visualize
the liquid water distribution inside a fuel cell during
electric generation, and quantified the liquid water.

The results showed that resistance overpotential,
which is one factor that reduces electric generation
performance, tends to drop as the quantity of liquid
water in the CCM increases. However, the resistance
overpotential becomes constant at a certain quantity of
liquid water or more. In addition, it was also shown
that the amount of voltage drop during constant-
load electric generation is strongly correlated with
the quantity of liquid water in the GDL, and that the
amount of voltage drop increases as the quantity of
liquid water in the GDL increases.
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Fig. 1 Schematic of fuel cell
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Table 1  Cell configuration and test conditions
Cell Electrode area 0.5 cm?
configuration Separator 3 channels
Current density 1.0 Alcm?
Cell temperature 50, 70, 85 °C
Test An gas H,
conditions Cagas Air
An gas humidity 50, 100 %RH
Ca gas humidity 40, 70, 100 %RH
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Fig. 5 Images of liquid water distribution during
electric generation and regions of
quantitative analysis
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Development of in-situ X-ray Imaging Technologies for Measuring Water Distribution
in Generating PEFC

S i iR B ORT doRE T
Koji MORIYAMA Takahiro TACHIHARA  Toru FURUSAWA
= = ABSTRACT

[ 3 RIS & > TR O A BLIZ R E I &
DT AMRE R 8D B 720D F —Filik > TH D, NED
KREHEBR DA KD 5T 5.

XMCTHBIUXBI VLI 57 4 —EH-HE
DIRBFEINTBIZ 35 1) 5 Z DIGEE T 2 FF U, fLEgE
B X OH 2T O KEREBIR DT % 3 Z 75 - 72,

BRHE DD C THEENEE DK R T 2 M7 R8AK
PED IS RET 23 > THLEE 2 & IR~ AR PR & 4 5 bk
TEBE LU £/, HENZ 5 50, BEPICET
2 LR E IR DK GG & BAIZEHIE L, ) 7R D HLHEE

IZADBZ MR LR T W & &R L 72

Water management in fuel cells is a key technology
for enhancing the performance and durability of
polymer electrolyte fuel cells (PEFC), and water
transport phenomena in PEFC have to be clarified.

In-situ measurement techniques in generating PEFC
using X-ray computed tomography (CT) and X-ray
radiography were developed, and water transport
phenomena in the Gas Diffusion Layer (GDL) and gas
channels were analyzed.

The water inside the GDL was observed to increase
in accordance with the current density, and it was also
observed that water is discharged from the GDL to the
channels along the hydrophilic channel wall surfaces.
In addition, image processing was performed, and the
water distribution inside the GDL during generation
was quantitatively evaluated. The results confirmed
that a large amount of water easily accumulates in the
GDL under the rib.
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Research of Simulation Method of Hydrogen Diffusion for Fuel Cell Electric Vehicle Development
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ABSTRACT

Research was conducted on a method that can
simulate hydrogen diffusion behavior in the event
that hydrogen leaks into the complexly shaped space
around the hydrogen tank of a fuel cell electric
vehicle.

Calculations cannot be performed in a permissible
time period for the vehicle development with the
conventional analysis region partitioning method, so a
three-part partitioning calculation method was newly
devised to shorten the calculation time. In addition,
in order to enhance the calculation accuracy, the
turbulence models that can appropriately calculate
turbulent diffusion and mixing were selected.

The results confirmed that the peak concentration
when hydrogen spouts and the residual concentration
after spouting can be calculated at an accuracy of
within 5%, while keeping the calculation time to
just four days. In addition, it was presumed that the
new method can be applied to differing hydrogen
spouting conditions. These results indicated that the
new method is useful for the development of fuel cell
electric vehicles.
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Table 1 Turbulence models
Number
Model of Characteristics
equations
k-w 2 Possible to calculate near wall
standard region without wall function
Hybrid model of k-w
k- SST 2 standard and k- standard
k-& 2 Basic 2 equations model and
standard popular in engineering field
k-& 2 k- standard model with
realizable enhanced wall function
RSM 7 Possible to galculate
turbulent anisotropy

SST : Shear Stress Transport
RSM : Reynolds Stress Model
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Study of Oil Consumption in Small-displacement 4-stroke Air-cooled Engines

# W Ealnht [N - I
Kazuhiro SAWAUMI Yasuo NAOI
C=3 =1 ABSTRACT

EimE m b4 A ra— 2/ NREREGI VY VICET S
X A LB OB & FHE L 72, A A LB DL i34
ANLERDIZXBZEDTHY, ) v XBERIRE A A A L
HEBRIZHEBELZBXTL TS, ZORE LK 52
ETAANHELEENR T BB ont 7. %
7o, YUY EDEBIZHL, A4 v OMAS DY
SPEOfiN G K ONEREM R ORI L, €2 Y OERD B
RO, A4 VHBEREZ KN T 2605 FETH BT
EAWFERTE 2, EHI1T, TV YV RESDIRE D E 2y
IV VTIEAANLDNOACK ZEFENA A LB Ik E
SWBEMIETZ L PHERTXE 2.

A causal analysis of oil consumption was
conducted for 4-stroke small-displacement air-cooled
engines, which experience high temperature operations.
The majority of oil consumption occurs as a result of
oil loss that goes up into the combustion chamber, and
the temperature of the cylinder walls affects the oil
consumption rate. Results indicated that it was possible
to control the oil consumption rate by reducing the
cylinder wall temperature. It was also shown that the
reduction of the width of the oil ring assembly and the
increase of its coefficient of flexibility, in addition to
the alleviation of the piston slap, were effective means
to reduce the oil consumption rate. It was further
demonstrated that the NOACK volatility of the oil has
a significant effect on oil consumption in an air-cooled
engine, in every part of which the temperature gets
high.
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Table 1 Specifications of test engine
Engine type 4-stroke, Sl engine
Cooling system Forced air-cooling
Bore x Stroke 37.8 x44.0 mm
Number of cylinders 1
Displacement 49 cm®
Compression ratio 10.1
Valve drive system OHC

3.0 kW / 8250 r/min
Cast-iron sleeve

Maximum output

Cylinder
Oil ring Malti-piece steel rail ring (2.0 mm width)
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Table 2  Specifications of oil ring

a(Standard) | b(Modified)
h1(mm) 2.0 1.5
h2(mm) 0.35 0.3
ai(mm) 1.7 1.1
Piston ring closed gap (mm) 0.45 0.35
Tension(N) 11.7 13.2
Coefficient of flexibility: k 0.15 0.72
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Study on Controlled Auto-ignition Using Sequence of Low-temperature Combustion States
- Macroscopic Understanding of Controlled Auto-ignition and Approach from Gas Exchanging States -

o A& omr
Hideaki MORIKAWA

2 F
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ABSTRACT

A possibility to control the auto-ignition timing and
the heat release process was experimentally examined.
Through a macroscopic analysis of the controlled
auto-ignition (CAI), two physical parameters were
introduced to explain the CAI condition. These are T,,,
which is the in-cylinder gas temperature at the end
of compression stroke, and AT, which indicates the
heat capacity of the working gas. The experimental
analysis revealed that T,; dominates the onset of auto-
ignition and AT dominates its heat rising process. If
these parameters were maintained in certain ranges,
desirable CAI should be generated. The both parameters
are thermo-dynamically calculated with the exhaust gas
recirculation (EGR) ratio and the equivalence ratio only.

In order to examine the gas exchange state that
allows of the above-mentioned condition, a typical gas
exchanging chart that represents all the possible gas-
exchange states in a naturally aspirated four-stroke
engine was introduced. On this map, the CAI area
and the surroundings were carefully plotted. As the
result, it was revealed that there was the approach to
the CAI from the SI combustion with a sequence of
low-temperature combustion due to the dilution on the
map.

The experimental results finally suggest that BSFC
and BSNOx of a 1300 cm’ motorcycle could be
decreased by 20% and 90% respectively in the LA-4
mode, by utilizing the sequence of the low-temperature
combustion including the CAIL
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Table 1  Specifications of experimental engine
Engine type 4-stroke single-cylinder liquid-cooled
Bore x Stroke (mm) 100 x 82.6
Displacement (cm3) 648.7
Compression ratio 10.0

Intake : 36 x 2
Exhaust : ¢31x 2

Valve diameter
(mm x number)

Valve drive Hydraulic-electric ( Lotus AVT)
Exhaust opening : 35 deg BBDC
Valve timing Exhaust closure : -120 ~ 0 deg ATDC
(1mm lift) Intake opening : -120 ~ 0 deg ATDC
Intake closure : 35 deg BBDC
Valve lift (mm) 6
Fuel system Port injection
Injection pressure 350 kPa (gauge)
Fuel Gasoline (RON 91)
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Fig. 1 Layout of detectors
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Fig. 5 Effect of AT on NOx emissions
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Study on Similarity of Load Path Distribution in Body Structure
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Consideration and verification of the way in
which load paths will be distributed throughout the
structures under various loading conditions is an
important element in the design of automotive body
structures. Furthermore, given the tendency that load-
path distribution becomes denser where coupling
rigidity is high irrespective of the loading conditions,
it is conjectured that similarities exist in the load-path
distributions even under differing loading conditions.

The research discussed in this paper therefore
conducted a comparative analysis of two methods for
identifying load paths: using U',,,, which functions as
an indicator of the distribution of load paths in body
structures, and using stress. The difference between
the two methods was clarified, and the distribution of
load paths when four different loading conditions were
applied to automotive body structures was studied. As
a result, it was demonstrated that using U',,,, load-
path distributions can be visually analyzed employing
less indicators than was the case when using stress.
In addition, the level of similarity of load-path
distribution to distribution in other loading conditions
was high for torsional loading conditions in which
load paths are distributed throughout the structure as a
whole.
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Development of SH-AWD System using EPS
Relative Steering Angle Signal

Steve TURNER *

ABSTRACT

The Super Handling-All Wheel Drive (SH-AWD) system uses the steering angle value to determine the proper
left and right rear wheel torque distribution ratio to enhance vehicle handling response. Cost reduction in the
application of the SH-AWD system is realized by (1) replacing the conventional stand-alone absolute steering
angle sensor with an EPS resolver sensor, which determines the position of the EPS power assist motor, (2)
applying integration to the change in the EPS motor position over time to yield a steering angle value relative to
the initial steering rack position, and (3) using a new midpoint learning algorithm to determine the true steering
angle value by calculating the difference between the initial steering rack position and the straight-ahead driving
position. Through this process, a steering angle value relative to the initial steering rack position is acquired and
is equivalent to the value that would be provided by an absolute steering angle sensor. To determine the straight-
ahead steering position, a learning period is required during which the vehicle needs to travel a minimum distance
every time the ignition key is turned on. To meet all existing system and CBU performance requirements during
this learning period, two algorithms were created. First, a steering angle estimation algorithm substitutes as the
true steering angle to allow SH-AWD to perform normal torque distribution operation. This algorithm uses two
independent calculations to prevent excessive steering angle estimation, which would distribute more torque than
necessary. Second, a new vehicle stability enhancement algorithm reduces the SH-AWD rear torque amount when
an unstable driving event occurs. Using these algorithms, the SH-AWD system can achieve comparable performance
by acquiring steering angle data from an EPS resolver sensor as opposed to a more costly absolute steering angle
Sensor.

https://doi.org/10.69239/hondatechnicalreview.2011 23 1 13

1. Introduction

The SH-AWD system receives data from sensors
and other control systems within the vehicle to
determine a proper rear differential torque amount.
The steering wheel angle represents the driver’s
intention to turn left or right and is used by the SH-
AWD system to distribute torque to the left or right
rear wheel for enhanced handling response.

Two types of steering angle sensors are commonly
used in the industry. An absolute-type steering angle
sensor permanently stores the straight-ahead reference
position to immediately output the absolute position
of the steering wheel when the ignition key is turned
on, but this sensor is typically more expensive than a
relative type sensor. Additionally, if the absolute-type
stored midpoint is incorrect, such as after changes
are made to the vehicle steering or suspension, the

* HONDA R&D AMERICAS, INC.

midpoint value must be reset by a service procedure
or else system malfunction may occur and could lead
to customer complaints or additional warranty cost.
A relative-type steering angle sensor has a simple
low cost design but no permanent reference point to
indicate the straight-ahead driving steering position,
which is used as a reference point to determine the
absolute position of the steering wheel to the left or
right. Therefore, the relative-type sensor requires a
midpoint learning algorithm to determine the straight-
ahead position every time the ignition key is turned
on. The midpoint learning algorithm needs the vehicle
to travel a minimum distance to find the center
steering position, which could delay the operation of
some systems. The purpose of this research was to
reduce the cost of the SH-AWD system by removing
the stand-alone steering angle sensor and replacing
it with the EPS system’s resolver sensor, which is
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capable of calculating relative-type steering angle data.
For vehicles that use EPS, the steering angle can be
calculated without adding cost.

The influence of the steering angle value on the
SH-AWD system operation was determined and
objective performance requirements were created
to evaluate the effectiveness of this new system
configuration. The performance concerns of using the
EPS relative-type steering angle signal were addressed
as a part of this research.

2. Development Goals

The goal for the all-wheel-drive system’s
performance is to be consistent at all times, especially
when climbing a steep hill or accelerating from
a stop on a slippery surface. Changes made in
the control system should be smooth so that the
vehicle’s behavior is not disturbed. Using a relative-
type steering angle sensor creates two control states,
where the true steering angle is initially unknown and
where it is known after a learning interval. Therefore,
new software algorithms are needed to enhance the
performance of SH-AWD in this initial state. Once the
midpoint learning is complete and the true steering
angle is known, the EPS relative steering angle
signal is identical to the absolute-type steering angle
signal, so there is no impact to the SH-AWD system
performance.

The SH-AWD system needs to meet the existing
level for performance regardless of which control
state the system is currently operating in, and it
should operate in a way that is transparent to the
driver. To achieve these targets, there are three new
control algorithms that operate only during the initial
control state: (1) a new midpoint learning algorithm

compatible with the EPS relative-type steering angle,
which quickly and accurately finds the midpoint value
to reduce the time spent in the initial control state;
(2) an algorithm to allow torque vectoring of the
rear axle to meet the system performance targets by
estimating the steering angle value using other vehicle
parameters; and (3) an algorithm to maintain vehicle
stability while accelerating and turning to assist other
vehicle control systems, which cannot perform their
normal control until after the steering angle midpoint
learning is complete.

3. EPS Relative-type Steering Angle Sensor

The EPS system uses a resolver sensor to monitor
the electric power assist motor angle. Figure 1 shows
the mechanical layout of the assist motor and resolver
sensor. The EPS motor travels several complete
revolutions while the steering rack moves from end to
end.

The EPS resolver sensor uses electrical windings
on a stator to measure the rotor position of the
power assist motor. As shown in Fig. 2, the voltage
relationship between the resolver windings determines
the power assist motor angle. The motor angle value
is integrated to calculate the total movement along the
steering rack. The EPS system does not need to know
the absolute position of the motor on the steering
rack—only the driver’s intention to steer left or right.
The integrated resolver motor angle multiplied by the
steering ratio results in a steering wheel angle value
relative to the initial position of the power assist
motor at the time that power was first applied to
the system. Once system power is lost, the existing
motor position is also lost and these values become
unknown.

& Power assist motor

=i 'II

Fig. 1
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4. Midpoint Learning Algorithm

The midpoint learning algorithm is designed to
take a steering angle value that has no reference
point for straight-ahead driving and determine the
amount of offset required to make that relationship
known. Some relative-type steering angle sensors
have built-in hardware that report when the steering
wheel is in the straight-ahead position, in which case
the midpoint learning algorithm must clarify if the
wheel is truly at 0 degrees or at some multiple of
360 degrees. For the EPS relative-type steering angle,
no such built-in hardware exists for the straight-
ahead position, so a high accuracy algorithm is
required. This algorithm can quickly determine that
the vehicle is moving straight ahead and calculate the
offset amount required to calibrate this position to
0 degrees.

To meet performance requirements, an absolute-
type steering angle sensor must provide steering
angle data at or above a required level of accuracy.
To meet the same SH-AWD system performance
requirements, the EPS relative steering angle signal
must also achieve the same level of accuracy. To
achieve this level of accuracy with a relative-type
steering angle signal, many driving mode requirements
were created. To allow for high accuracy and fast
detection, two straight-ahead driving judgment
calculations were used. The first judgment uses wheel
speed requirements along with yaw rate and lateral
G characteristic tables to judge that the vehicle is
driving stable along a straight path. The second
judgment uses different wheel speed requirements and
two steering angle estimation algorithms (Eqgs. 1 and 2)

that must be below a threshold amount. Figures 3
and 4 show the vehicle geometry parameters for
steering angle estimation and the estimation accuracy
achieved while driving on a predetermined winding
road course.

, . Vo=V, ¥ IWBSR*360
Steering angle by rear wheel delta rotation (deg): TR (1)

Steering angle by yaw rate and speed (deg): %

Using these calculations alone resulted in midpoint
accuracy of +6 degrees, with the worst case data

SR : steering ratio

WB : wheelbase [m]

TR : Track width [m]

R : turning radius [m]

O: average front wheel toe angle [deg]
V : Wheel speed [km/h]

Fig. 3 Vehicle geometry parameters for steering angle
estimation
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points occurring during extreme driving conditions.
As shown in Fig. 5, the addition of requirements
for a stable EPS steering angle value along with
a one second averaging algorithm achieved results
of £3 degrees for all driving situations. This level
of accuracy meets the SH-AWD system design
requirement. This calibration usually finishes within
the first 400 m of driving under normal driving
conditions, but can be shorter or longer based on the
availability of a straight road.

The total error of the steering angle signal includes
the midpoint learning algorithm error, the EPS system
mechanical error, and the yaw rate sensor installation
angle error. The EPS system mechanical components
have a base amount of error regardless of steering
rack position as well as error that increases toward
both ends of the steering rack. The yaw rate and

| Mean: 0.5317
20 - U_: 2.142 — | Stable EPS steering angle
N: 21689 /‘"\ One second averaging

Percentage of data points

%% 4 2 o 2 4 &
Initial steering angle calibration accuracy (deg)

lateral G sensor have an acceptable range for zero
point accuracy in order to be used by the SH-AWD
system. If both sensors are at the upper limit of
acceptable range, the steering angle midpoint learning
algorithm has a small amount of additional error. The
total overall steering angle error is +8.4 degrees (see
Fig. 6). The EPS steering angle signal measurement
point is directly on the steering rack, rather than
behind the steering wheel as with the stand-alone
steering angle sensor. This removes up to 5 degrees
of deflection that occurs within the steering column.
Therefore, the total overall steering angle error of the
EPS relative type and stand-alone absolute type are at
an equal level, and no SH-AWD performance impact
is introduced due to using the EPS relative steering
angle signal.
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Fig. 5 Midpoint learning algorithm accuracy
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Fig. 6 EPS relative-type steering angle calculation error
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5. Steering Angle Substitution

To achieve a SH-AWD system performance that is
consistent and transparent to the driver, a substitute
for the EPS steering angle value is required until the
midpoint learning algorithm has finished, otherwise the
SH-AWD will not be able to apply torque vectoring
and vehicle performance will be reduced. The two
steering angle estimation algorithms used for midpoint
learning have very good accuracy for stable driving
maneuvers, where the vehicle dynamics are linear. As
shown in Fig. 7, as the driver operates the vehicle
closer to the tire grip limit, the input relationships
become non-linear and the steering angle estimation
algorithms lose accuracy.

The design concept for steering angle substitution
is to maintain the SH-AWD system performance
during stable driving situations and prevent applying
more rear torque than is normally distributed, which
could lead to unstable vehicle dynamics. To achieve
this concept, the estimated steering angle used for

SH-AWD control must be the same or lower in
amplitude than if the system were using a calibrated
steering angle sensor. The variables in the estimation
calculations are different and, during certain driving
maneuvers, one of the steering angle variables could
become larger than intended, in which case the desired
result is to use the other more accurate signal. Logic
was made to selectively use the estimated steering
angle value with the lowest amplitude and slope.
This logic is effective at preventing a final estimated
steering angle that is too large. During a transient
maneuver it is possible for one steering angle estimate
to suddenly decrease giving it the lowest amplitude,
but by using the slope parameter, the signal switching
does not occur until that signal stabilizes. This helps
give the SH-AWD system consistent performance
even during transient driving maneuvers near the tire
grip limit. During unstable driving situations, one
steering angle estimate can be a positive value and the
other a negative value, in such case a final steering
angle value of 0 degrees is used. Figure 8 shows the

Actual : Actual angle of steering wheel 3
SAw : Steering angle by rear wheel delta rotation
| SAy : Steering angle by yaw rate and speed

Lateral G (g)

0.0

05375 00:00:42.5

00:00:40.0

00:00:45.0
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Fig. 7 Steering angle estimation accuracy versus lateral G
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Fig. 8 Estimated steering angle signal selection logic
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operation of the estimated steering angle selection
logic.

The change in SH-AWD system performance with
the estimated steering angle was evaluated using
hardware-in-the-loop simulation. The desired effect
of using the estimated steering angle to allow torque
vectoring to occur normally was achieved, but with
slightly less rear torque and left/right distribution. As
shown in Fig. 9, the effect on the front/rear torque
distribution and rear axle left/right torque distribution
yielded a worst case reduction of 10% compared to
using the true steering angle value. The SH-AWD
system performance using the estimated steering angle
was evaluated by vehicle handling experts using the
standard SH-AWD test courses and driving maneuvers.
The SH-AWD system performance requirements were
met and the system was judged acceptable. This
amount of torque reduction was judged by vehicle
handling experts to be similar in feeling to a slight
change in road surface grip, which is typical under
normal driving conditions.

6. Vehicle Stability Enhancement

Other control systems in the vehicle have limited
performance capability while calculating their steering
angle midpoint. During this time, the driver could
experience an unstable driving situation that would
normally be stabilized by one of these systems.
Therefore, each control system that affects the vehicle
dynamics must be capable of regulating its own
performance to maintain stability during the midpoint
learning time. When the absolute steering angle sensor

00:00:28 00:00:35 00:00:42 00:00:

Time (sec)

SH-AWD system torque distribution change from estimated steering angle

is applied, this performance regulating function is not
needed. However, for the SH-AWD system to apply
the EPS relative steering angle signal, an algorithm is
required to determine when and how much to regulate
performance. When accelerating and turning on road
surfaces with a low coefficient of friction (low p),
the SH-AWD system can cause oversteer to occur if
too much rear axle torque or left-to-right bias torque
is applied. To enhance the stability in this situation,
the SH-AWD system limits the rear axle torque
distribution when an unstable driving event is detected
(see Fig. 10). The SH-AWD system uses a normalized
wheel slip calculation to determine vehicle instability
and a yaw rate error calculation to determine that the
car is oversteering. Using this information, the SH-
AWD system sets an upper limit for the rear axle
torque to stabilize the vehicle.

Understanding the speed relationship between
all four wheels is critical to understanding how to
detect when too much torque is applied and how
to correct it. As shown in Egs. (3)-(5) and Fig. 11,
a normalized wheel slip calculation was made by
comparing the wheel speed relationships between left
and right along with front and rear. This wheel slip
calculation has a stable driving region under which
the data for all normal driving situations fall, and any
data beyond this region occurs only when a vehicle
loses traction.

Left/Right Speed Delta: Vo) = [(|Vp = Virl = Ve = Vir)l (3)
Front/Rear Speed Delta: Veypy = |(|Vir = Vil = [Ver = Varl)l (4)
Normalized Wheel Slip: MAX(Vip1,Vspipy) — StableRegion  (5)
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Fig. 10 SH-AWD vehicle stability enhancement operation concept
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Figure 12 shows the normalized wheel slip
calculation relationships during a 5 m radius turn
(which has a very high speed difference between
each wheel) and shows the ability of this logic to
differentiate between wheel slip and tight turning.
Initially the vehicle is able to do a 5 m radius turn
while maintaining grip with the road surface, but as
vehicle speed increases the tires eventually lose grip
and the vehicle becomes unstable. The SH-AWD
system removes torque from the inside rear wheel
while cornering and distributes it to the outside rear
wheel. This creates a situation where the inside and
outside rear wheel increase speed at different rates
when they lose grip.

If the vehicle loses traction driving straight,
the steering angle is not needed by other systems
to stabilize the vehicle; therefore, a yaw rate error
algorithm was created inside the SH-AWD system to
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detect instability only while turning. The yaw rate
error algorithm works with the normalized wheel slip
calculation to determine when the SH-AWD system
should limit the rear torque output. As shown in Egs.
(6) and (7), the actual yaw rate of the vehicle is
compared to an estimated yaw rate calculated using
the vehicle speed and lateral G sensor to determine
the yaw rate error amount.

Lateral G (3)¥180
Vehicle speed (%)*71’

Estimated Yaw Rate (deg/s) =

Yaw Rate Error = |YAW — Estimated YAW |- StableRegion (7)

During stable driving maneuvers, the actual and
estimated yaw rates are nearly the same with a small
amount of inaccuracy that decreases as the vehicle
speed increases. As shown in Fig. 13, this inaccuracy
is taken into account in order to create a stable driving
region for the estimated yaw rate. When the yaw
rate error goes beyond the stable driving region, the
vehicle is oversteering and the SH-AWD system needs
to limit the rear axle torque.

The SH-AWD system has several activation
requirements before limiting the rear axle torque in
order to prevent system misoperation. Situations such
as driving on gravel or bumpy roads may cause the
stability algorithm to temporarily go beyond the stable
region, even though the vehicle is actually stable. To
correct for such situations, the instability must be
judged for a minimum time and the wheel speed, yaw
rate, and lateral G sensor values must be within an
allowable range. Using these conditions, the torque
limit misoperation was eliminated.

To determine the torque limit amount, the
normalized wheel slip calculation and the yaw rate
error calculation are combined to create an instability
index value. This value represents how unstable the

vehicle is in a range from 0 to 10, with O representing
good stability and 10 representing very unstable
driving. The SH-AWD system normally reduces the
total rear axle torque as vehicle speed increases;
therefore, if instability occurs at higher speeds, the
torque limit amount needs to be lower to achieve the
stabilizing effect. The torque limit starts at a default
amount and is scaled by the instability index value and
vehicle speed. As shown in Fig. 14, as the instability
index value increases, the torque is limited to a lower
value because more stabilization is needed.

To evaluate the torque limit control, the
performance was compared to a vehicle using an
absolute-type steering angle sensor with all driver aids
enabled on both vehicles. The torque limit control is
only needed during midpoint learning, so the vehicle
with the EPS relative-type steering angle was only
evaluated in this condition. The driving modes that

Limit

Rear torque

Torque

Instability index

Time

Fig. 14 Torque limit based on instability index value
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Fig. 13 Yaw rate error calculation
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needed torque limit control the most were a slalom or
constant radius turn on snow or ice as well as driving
on a snow-covered winding road.

Driving aggressively on these courses with an
absolute-type steering angle sensor results in other
control systems reducing the engine torque or
selectively applying the brakes to stabilize the vehicle
as necessary. The vehicle using the EPS relative-
type steering angle does not have the same level
of capability from the other control systems during
midpoint learning. The SH-AWD system torque limit
function redirects torque to the front axle when
instability is detected, which also maximizes the
benefit of the other control system capabilities that
are available. The driver was ecasily able to maneuver
through these courses in both vehicles with a high
level of safety margin. The driver feeling difference
between the two vehicles is small enough that changes
in the road surface conditions have a similar effect.
Given the opportunity for a back-to-back test, most
people would not be able to perceive any difference.
With this level of performance, the SH-AWD system
can apply the EPS relative steering angle signal and
all vehicle stability performance requirements are
achieved.

7. Conclusion

The EPS relative-type steering angle sensor can
be used with the SH-AWD system to meet or exceed
performance requirements. A new steering angle
midpoint learning algorithm was created to work
with the hardware configuration of the EPS system.
A steering angle substitution algorithm allows the
SH-AWD system to maintain consistent performance
capability during the midpoint learning time. The
vehicle stability enhancement algorithm allows the
SH-AWD system to determine when too much rear
axle torque is applied for the current road surface
conditions to stabilize the vehicle. With this new
logic, using the EPS relative-type steering angle
reduces overall system cost and the difference in
performance compared to an absolute sensor should be
imperceptible.

Steve TURNER
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ABSTRACT

The detection of objects in front of ego-vehicle is
an effective means to help prevent collisions. Since
the potential of collision with moving objects, such as
other vehicles and pedestrians, is relatively high, it is
important to detect these moving objects in particular.
Vision sensors are employed to detect the various
objects encountered in actual driving situations,
but because the camera and the objects are moving
independently, it is not easy to detect independently
moving objects using vehicle-mounted cameras. The
detection of sharp boundaries for moving objects
has been especially challenging. We have therefore
developed two algorithms to detect sharp boundaries
for moving objects. The first of these algorithms
detects objects moving in a different direction to the
camera by identifying inconsistency between motion
in the images and the epipolar constraint. The second
algorithm detects objects moving in the same direction
as the camera by identifying inconsistency between
stereo disparity and motion disparity. The use of
image segmentation technology in these algorithms
has made it possible to detect sharp boundaries for
moving objects. The ability to detect sharp boundaries
using these methods was verified in tests using actual
vehicles.
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Fig. 9 Weight maps and motion disparity computation result
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Table 1

Error in segmentation-based optical flow estimation

Average angular error [deg]

Sequence No.1

Sequence No.2

Sequence No.3

Initial optical flow (Block matching)

11.25 (112330)

15.57 (54162)

10.84 (81210)

Segmentation-based optical flow

8.64 (219010)

9.32 (153671)

4.60 (176364)

Average end-point error [pixel]

Sequence No.1

Sequence No.2

Sequence No.3

Initial optical flow (Block matching)

0.17 (112330)

0.22 (54162)

0.17 (81210)

Segmentation-based optical flow

0.13 (219010)

0.14 (153671)

0.07 (176364)
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Fig. 10 Comparison of initial and segmentation-based disparity
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Detection results for intersecting object
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Fig. 12 Detection results for preceding object
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Development of High-paintability Waterborne Primer Paint

| BE*
Satoru IHARA

2 B

AP O BN, BRIFOWE DB EZ TR T —
EDOWRERMNE T HRMERD D720, BT AT — D
5 EBERIEMED LA RKD 5 T 5. BEERENE % Ik
KT 2728, BRHETE 22013t U CEORHRL B 2211 & 411
T & 2 @RS RLA &2 at U 7. SRHSHTE b O A o3
AR Z & T, B E &K i T3 EiED
MR LS 20 SR L U, 5205 E0 0 S B 5 ik <
SRR AE 230 R X AURR AL U, SBPRIE AL 2§ 4
bhbZeERONV L ZOFEEHOTEREEZ B
ZhoTHER, kBT 3 CTh - -mIEREIE%,
FIRERI T+ 10 CETIRTE 2 &N TE 2.

ABSTRACT

Waterborne primer paint is easily affected by
temperature and has to be applied under certain
temperature conditions, and so in order to save
energy there is a need to expand the range of
painting temperatures. To expand the range of
painting temperatures, painting resin compositions
were studied that can control changes in paint
viscosity in relation to changes in paint solid
content. By increasing the ratio of hydrophilic
component of paint resin, it was discovered that
the interaction of resin in the low solid-content
range directly after application was strengthened
and high viscosity was achieved, while resin phase
transformation in the high solid-content range prior
to drying was mitigated and low viscosity achieved,
thus controlling changes in paint viscosity. This
technique was used to develop paints, with the
result that the range of painting temperatures, which
was +3°C with conventional paints, was expanded to
+10°C.
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Fig. 1 Film structure of automotive body paint
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Fig. 2 Outline of body paint process
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Fig. 5 Current paint viscosity versus solid content
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BUTAMER R D SR OBIIEIE, A) 27 LEEE 2 7
IVBHEO “HETHIR SN TR D, K'Y T 27 ILHE,
X7 3 VIIIEEISBUK, SO 2 24 TEERT S L
MNTEDL. ZNZTNOBIRIZ DWW TR, BAKIER D5
¥ 7% Table 1 T/REAILETHKL, FHETZ41L
SHTHENEEZ I -7z,

5.1. KU T XFILIEEE DK, BRAKMER S =

AV T AT UBIROBAK, BKEER % 75:25 7 5
100:0 £ CEILE B Vv L1563 Y T4 2 HNT
R HIE & 36 Z %5 - 7= 4558 % Fig. 8 IZ/8T

TR A R ¢, R ) = 2 7 VR O B 45 e
NEL BB EMED LABR N Ly L, BUKERS
A100% (v T 4)IcT 5 MED EAMEL LD 5
7z ARETE S IRRETIE, SR TR & 7 > T 2 R E
By DR HEAEF 23N & A, BRIRIZIAA > THET 58
ARYER SO ERERTZ L2k, HEERP®ELS 5D
K LEFLTWBZEnbrb. 72, BKMERSDOAD
WA T, BORMER ORIk B HAEHBSE R
3, BUKMERR S I AR RO 8, KiE LA»ET
120, ZheDZ b s, KETE ik T, BARMERK
oy &RV o) B IRAT & &, BRI Y A2 S E T &
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EDET 2D 5N 20, K B 253 sl cz <
W, BARMER R EL $5 2 & TR TR D%
MWD T 208, R H k- T B 72K E5 % Blib

Table 1 Resin formulation of test sample
Resin Polyester Melamine
Sample Hydrophilic |Hydrophobic| Hydrophilic |Hydrophobic
Sample-1 75 25 - -
Sample-2 82.5 17.5 - -
Sample-3 90 10 - -
Sample-4 100 0 - -
Sample-5 56.2 18.8 7.5 17.5
Sample-6 56.2 18.8 12.5 12.5
Sample-7 56.2 18.8 16.5 8.5

FT5KRA Y P BAEEEANZY 7 P U, KiEO EAEL
BolZlbeELohd.

5.2. XTI UHIBE DKM, BRAKMER DR

A7 3 VBIIROBACE, BRAKPER 7% 30:70 25
66:34 £ TLELE =0V T 525 v T 7 TRIEH
ExEIB I - 72 ER%E Fig. 9 1TRY

KIS 7 fHs T, BIARMER 3 I3 2 < 55 2 & T
BN EHT B, KY T ZFABHIEORA L AKE L5
BRI N E N, A5 I VEHROLHRSE SR Y T2 7L
BIRIZ AR TN SEBRFIZIAR > T BN T &2 5, H
HEA N T 2K FRICHEAEH 2 RIT LIS Wiz, K
g LRSRANE N EFZ 5N 5.
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Fig. 8 Resin viscosity when polyester ratio changed
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Fig. 9 Resin viscosity when melamine ratio changed
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&5y, e a3 ik 2 2 U DV OREE T A ITRET
HDHILhbh otz

6. FFEMF
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K, BAKER S OREE 90:10, £/2, #7 3I VEROH
A, BRAVER 7 DI E 66:34 & LT, Kby @kto
BlaEk kot

BHFE L 72Kk Pk 0 SO o ¥ [ 2 & R OB 1% %
Fig. 1012789, 2D 5 7 T, BREBE 23928, BlfT
WREBE TR LTS, 72, itk & w3 4
R9 % 729D HEE TR I & X O RHRAEIR TR L
T 5. BAFSEBHEIBUT SR & i U T, K3 [ 45
WoERiEA L, SSRGS IR ElTcETna 2
LD B, Fm, BUTEHE B BRI & E K 3 5 [EE
533 57% h 5 65% & RN IREG S HiPH T b 5 23, R
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C) £ TOIROHPTER L TS
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Fig. 10 Developed paint viscosity versus solid content
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POEMIGE % 2 8) X i - Mk A R L - RS R % Fig.
111N Y. 18 Tz T, BUTERBHIRANIE A 26 1 m
ERDBEDNNEETDH 55, FFEEBERNE 45 «om & RiF%
WIAEFEMEAH LTS, (IKIRE O RS 2 E 13, B
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Fig. 11 Sagging film build versus temperature of
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(1) BRI O R = 2 7 LR OBAKPER 55 L % B R
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LIk D, SR EI o R CAHERRS & SR LR &
Kk & &, SR coREMEm EEX 5 7.

Z OFER, HEk+ 3 C OWEROBHESRME%+10 C &
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12957200 3)LF —JHEEEBEEEIC X 5 TREM
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Enhancement of Vibration Analysis Accuracy of Engine Structure

by Considering Nonlinear Properties between Components

fhOA R
Naoki KAMIMURA
C3 = ABSTRACT

I VU VRSOGO B EBI O Sk
JETHAED B 2 T & fEEE L 7-.

IV Y VERORAEAIL, Ny N X7y Mo E
EN LI RE A G T 2728, RIRBUGE T % 35 Z &
HTIE, WAREIZIS U L L 2@ E T L & RBEE
. fENTE 2 BEBEIS 0 Tl D, BB THbES B R B
FlFRNTIC & D ASEIRDOETIERA BTG 3 5. $RE DR
WRBRAT T, TG % TTIS AL O M, 18T %
Rt LT L, AL Mz k309 AEEEL =
IREMETHET L L4528 T, WEAAm X7z,

AN ORI, MBI CIEIE TCE A VWEHE &
D, EINCRET 2R 2R T EIRE L 2R NEHT — 7
LEEFRL 2 AEEMEISE L TER-2E L2y DY
TOEEMEAITCIZRE L 7. AFEEH T Y D VIZwHH
U, BB SN 3o\ T E LR O 2 O IERE & iR
TETWAIZEAMIFL, TV S E BB E BT
ISR U THHMEY B 5 FIETH B Z &AL T

A high-accuracy and generally applicable method
of predicting the frequency response functions of
engine structures up to the radiated noise range has
been developed.

Because the joints between engine parts possess
nonlinear properties, as exemplified by the head
gasket, analytic models that are linearized in relation
to the state of the joints are essential in conducting
frequency response analyses. The analysis discussed
in this paper was divided into two stages. In the first
stage, pressure data for the joint sections was obtained
by means of nonlinear contact analyses. In the
frequency response analyses conducted in the second
stage, accuracy was increased by defining the stiffness
and damping of the joint sections as linear properties
based on the pressure data, and formulating vibration
analysis models that considered strain due to bolt axial
force.

Some properties of the joint sections cannot be
determined in materials tests, and pressure conversion
tables assumed to express properties dependent on
pressure were therefore defined. Uncertain values
were identified on the basis of test results for the base
engine. The application of this method to another
engine demonstrated that the frequency response
analysis achieved a level of accuracy that represented
no impediment to practical use, and indicated that the
method possessed general applicability for frequency
response analyses of engine structures.

1. EU®IC

WA, HEEHEOBREEREM EOTORAEE > Tnd. £
D e LT, =¥y VA TORRLE & 81, #
&GO BERE 2D 5T b, —J7, IREVE R
e EOEERE & - T s,

TV Y VRREDORELES < DG, RIS REE OB
% Ufs R&D £ > & —

KafEw, itk KOCEdERBLIEATOMREES. Z
NEDZ & RIS SR & BRBIERE AT S # 5 2
EDOHEZENRH L T W5,

—77, R OMMHEOERE EE > Tk D, HEETIK
RISEEFHTE IV VI ERET 5 2012, K
G RO AH 5, EVKEE O JERIE RIS BT # TTHE L § 5
FHIRE I (Finite Element Method : FEM) 0Dt FH 43k D 1
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FEhRDENT WS,

@ﬁ%%fﬁﬁéhélyvy7hyiuéﬁﬁgﬁ
SR BUS G RN & 3 Z 78 9 729 121&, S s a 5 o,
ﬁﬁ%@lu%rwﬁﬁéﬁﬁﬁﬁé ARG A BRI,
Ny RF 27y b EFRL N % IERE S
HEasHAT3Z28 56, KL FEIHICIE U CREEREIGS
BE % (Frequency Response Function:FRF) 221t 4 5.
Fig. 112y Vv aAy FeTay s &858 M)
T%bﬁft%ﬁh@FRF@%%émT.AhﬁiyU
vATy AR, IBERIET ) ANy FIRBEE T
ThH5.

R TIE, AL I &K % FREF OZERAFHF
IZHATED, AU N & 2B 2 Filt &2 g4
52 EDHEEWNDHNS

SIEE 2 E AT 2 AW TR, AL Mk
DAFESHEIAAZIL L, FRF O — 2 5, v—2s v
NINZEREECDZZ 8 bhr->TED, MHETOMIME,
WEDOWIE A ET LB BETH 5.

I E TEH AN MEETROERRE O HIPH 2 FRE L 7= i
FEORTIEH B0V P FEATRET B WEDEE
BAAICER SN TES T, MERRDE— FikEs L
TETMEL TR T —2n%0n. il LTz ryo vt
YT ENRE UIASRE Fig. 2 1R T, TRBERE
ETN, AN FETLEARTHRE T SMETEEFLCE
FUERH L, FEEARO T — FIREE M 50 R EME 4
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Fig. 1 Experimental FRF under different bolt axcial
force conditions
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Fig. 2 FRF calculated by previous method

LU ATNEIE A A2 v 7 MERE)F = — O RT Y
VO SR u Y Ta sy AR TH 5.

2 kHz DY — 7 BB OBRGENRKRE N &, £—F
WESBETH 2 Z LI BEEL NLDOFEESKENT
NS I S RNTREE & 13V A 2,

ARG CIk, JERRIE B2 Al R AT CHUS U 72 B2 o 11 1
WA IR RASE S OMIME, WEEET A TEI LT
FRF Pll& SR L2 F RIS O THRE T 5. G %
EZEL, NEEWEE Ty TVIREET3kHzE TE L7

2. AEFE

AR R & L2, TV Y OFFETHE Y ) v
FT7ay s, a7y s, V) YAy FERERTRE
W B A A NSy, Fr—v =Rk L,

HEmENIE ANy FH A7y b, SREMES, Wik Sy +
v (Formed In Place Gasket:FIPG) B4k & &0 i 5
#ﬁ%ﬁ%ﬁ?é%%%ﬁﬁfﬁé % 2T, dmic,

AMERERE LI AR+ ERT S L
f: Tk € 7L % Fig. 312787

I VYV OEEHRREOWAIRIEHMO FRF 23k 5 F
WmE LT, 7Y TV IREORE TS EE AR T & R
U, BB EMRT 2T 5 2 ERBEENTH S, &
72, ZROEERSEIC K 2IDE Y — 7 27wk
TOFRF #:RKD 51213, HEELD & T — FILENGHE

Scale of model
Nodes 1 1288357
Elements : 726888

(a) Assembled condition

(b) Disconnected condition

Fig. 3 Composition of FE models
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EENCHRTH S, € — L NELBEHT 51213, S
DA REE NHETEA L, MRS E L TERT 54
bbb,

INHDT Eh 6, IR 2 947 L, Hia
FITHEMEINIIE U 22 WE 5 & OSSR A T T R4 T 5 0
HaBIEMBRE L L COER L, T — &V EHEBOL & Wb
EFATT 5 2 BRSO kL L 7.

2.1, IEEMEROAILS L EREHEORTE

FRER IS & B HUAGRBR TIZIR 4 % 2 & 2T & ik
Lb D, —FIVIIIREATER MR & U TES
TEHENWEYD, UTOTFEEEZELL .

T AR OMEMPERREUL, FEARR I IZERER AR R
12 & 2 IERE S 1 IR & BRI & 0 5 TR A RF T B
3. UL, (KEMTIREIZ B Wi, M IRIERE) F
TLIREE A BENE EE L BN 5.

—J7, A WHMEREL, WERENE, WS TIZES
TEBVRMTH 5.

Iho ORMEENEAH T 2B ORERS &0 T, Bl
FEINZIB U 7=k & LU CEFRT 2 72912 Fig. 4 I
T — TN HEA Lz, FEBITHEARE 2 S G TX
B HEEM R FETH 0, ARSI AMHEE 2 R EE 2R L
TW3.

(1) fEmE R B
Ny FHZ0 o b ORREIREIZ B 2 MR UL,
FERPIZ S 2R & BRIE & 2 5 5 L 2 8B FREIE &
U CHEMIE IS 227 — 7L Fig. 4(a) % &%
TE 5,
EIEEAES, FIPG ®ATGRICEE L Tid, SiEm Rk
REIZ B\, RSB IR S O MR B A R A8, (K

| Nonlinear elastic property |

Pressure (MPa)

Displacement (mm)

Calculation

FMETTIRBIC 5 TS, BRI 2 LIRO R %
RTEEFEILNS. LI B2 720D0%EHhRT - T )L
Fig. 4(b) ZEFH L 7=. 7=, @B L FIPG %A
HCTIEIFIPGIEIZ KD RA 2R MEE T EEAD
N2 7= EFRZL 7=

(2) 4 AW R
EEME VIR IS BT, B EIE R S 0B A Wi
PERE AR U, IR JIRREIZ 5 TS, BREME L
WL, (ROWREE2RTEFE L 6N 5. & 5K
JETREEIC 5D TiE, A RED BRET 22 8%
ABND T EME, MEBEREISIEAREONEME 2R
U, TR LIS BB e &4 7 — 7L Fig. 4(c) #
EFL 7.

(3) MR
TR TTHRAET 2WMED L < 1F, IRIFFTBET 558
SR DB RS IZENISENT 5 Z 265,
B, M IIREIC W TSR ZER 2K &
SECIREZIR U, HERINZERL AN & e S ik
BIZEOWTREWREZRTEELLNLZ N5
T — 7L Fig. 4(d) & E5% L 7.

22 FEAHMERDREEMEDORERE
KR EINT A =21, HEOZ YDy 712y 7 ) O

fRIEBRTHAG L2 FRF (2 L, #EamMbd 2 &5
ETHI L

3. FEERMEm Az AT

fEAT DRTEE T & % IEME AN (MD/NASTRAN
SOL600) IZ DWW Tih R 3.

Young’'s modulus

Young’s modulus (MPa)

Pressure (MPa)

(a) Young’s modulus of head gasket

. Young’s modulus Shear modulus

& of base metal m of base metal -

% / D(? / 5 ~

Y E N = ~ S GEI

% - Emax ( ‘, ﬁ - Gmax C) % - = -

° s i > 7l 8 PN

o s : ° H H ~

g -, ] /i p Y 2 : ~

P PR E # *=—(G(P) = Gmax [ } a i N

[)) -, @ ' : Pmax € GE2 weeurid SRR, 'O_ R
5 N~ o _- : £ ;

>c3 () ........ EO Pm-ax ] ()“—G() [)”%ax o P] P2

Pressure (MPa)

(b) Young’s modulus of dummy joint elements

Pressure (MPa)
(c) Shear modulus

Pressure (MPa)

(d) Damping coefficient

Fig. 4 Conversion tables of joint elements
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3. BRETIV
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Fig. 5 FRF of component
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EAT 7280, KM Z & ORI & 2 HAGER THUS
U 72 & 2 36 L 72, REfICiE, Fig. 712R 7 5B0
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S, FIPG AL, Ny FH X7 v FEABKOD
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WEREREL, H A7y VERE L TEFKL .
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3.1.3. KL hEFIL

BEAMEIELL EBT 5720 L, #AMOENS
BIELLKIBITE S5 L5, AL b~y FESERZFHEL
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Fig. 6 Head gasket model
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Fig. 7 Elastic properties of head gasket
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Fig. 11 IR TIBMERDOEL 5 4 7 & v 7 ) LEEDO R
B & F2hE L 7-.

3.3. FERT AR AR (B) () + Cylinder head

JERI AT OFERBI & LT, Fig. 1212712 7)) + Camshaft holder
(D) D (a) I =X RAIET5040, (b) fEE BRI 55 ¥
MERT.

PREIE, Ao M &MY, F 2y PE—
Fithze EDREET, Ik > TRAESMEERL T 5.
IS DIEREIIGT 5 7201218, FEFIEIE AT A 5
THHZEnbrsb.

(C) (B) + Chain case (D) (C) + Oilpan
Fig. 11 Assembled models

(a) Equivalent Mises stress

Fig. 8 Joint elements model
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Fig. 9 Elastic properties of joint elements Fig. 12 Nonlinear contact analysis results

4. BEEBICE RN

E " T ; i RN D% BT B 5 I BIS S WHT (MD/NASTRAN
P SOL11D) Iz DWW TR 3,
e SEGTE BRENTI- 35 1 2 R RO & R AMEE, KL
“ o ‘1 l]‘ l‘ 4 l N OREAIRAEIL, BECHIE & 7= SR TR T 5 R
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Fig. 14 Properties of joint elements for frequency response analysis
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Study of Suspension System for Reduction of Road Noise

ok I i ' K I NI
Sou NAKAMURA Toshimitsu MAKI Toshitaka SUGIMOTO
C= =1 ABSTRACT

AT b -DELICHHEh TS 70 Y P A b
Ty MERBLYV Y P =Y 3 v E—-2EBROH 2RV
Vavi AT LaET—F 4 ZEROBLE, L ERL -
FEAT T S R RZ 100 Hz A6 200 Hz ORJEBEMER L L
7o WERXY 2RV Y 3 v &aHT 5 14 Sifdo fli S5k IS
ko, BL Y ARV Y g VIRBIE— FOMEET B T L
ESMZL. 77, FEE®F MK BBIRIZLD 2h?
NOREE— FOXA DXL HEFREL, u—F ) A XVERE
W LXE 372000 HREASSE Z LN TEZ.

The front strut / rear torsion beam suspension
systems employed in the majority of compact cars
were considered from the perspective of road noise
performance. The low-frequency band from 100 to
200 Hz was the subject of the analysis. Tests using
14 vehicles employing front strut / rear torsion
beam suspension systems demonstrated the existence
of shared suspension vibration modes. FE model
analyses clarified the mechanisms of the respective
vibration modes, helping to enable the identification of
design guidelines for the enhancement of road noise
performance.

1. EANDE

B vEREr B 2 h A L L2 SRR REAIZIEFEO
BRI W T  BEAINERO —DTh 5. —fik
ICHROFERLE NVHERIIERT28DTH D, Ol
VIIKEGHEE LS TWS. hTea—F /4 X34
Y, KA =, ARV Y gV, BT T L - LHOBRRIC
KBWEEZIRTL, Ry 8o b=l TidsR
N7z & ET 9 2 B EHE PSR A A (100 Hz
M5 200 Hz) @ — F / 4 XHFREE B 5580850,

SR T — F 7 A4 123 % < OB 2B LT3 53,
FTEH 2RV Y 3 VO E— N2k > THEL B IREIH
BNFICKXLHBLG5 L5 Ao NTNE D 2
* iz R&D £ ¥ & —

T— F A4 ZOFML RO =012, 24 VEEREP R
T HHERE OMALRDEEZE L 2 ARV Y 2 VD
FEOMEI B RETH 2P —J, ¥ 2y 3 vz s A
YRR T — ORHEN 51 TRIT & OB O FIIERE 12
BOWTHATRARET S0, ¥ ARV Y 3 VY AT A
DR TOVEREMET T & BDHETH 5. KWFZE TN O
BAEYFARYY 3 VIZHEL, v—F /4 ZITHBO KX
WIRE)E— FORFE L, ZOREI A =X LDMHE BT
Ko7z,

WNRELTZH AR 3 VERE, 20280 P —TH
WMEBES>TNWBRTIOY ATy PBEXPY Y E—v 3V
v'—24 (Fig. 1) Th 3

— 120 —



A= R/ A XEED7ZDDY IR 530 AT LDOER

o Bl A Compliance bush

Knuckle
Trailing arm

Wheel rim

Torsion beam

f
Subframe Wheel disk

Fig. 1  Front strut and rear torsion beam suspension

2. RREDEDT

TRV PZLF Ty PBETY Y b =Y 3 v E—- 4L
PARY Y g VIZHEMBAERL S TE, Y ARV Y 3 VI
FOBE RS MOMKIZIZIERCTH 5. - R%
T80 b A —IZRE LB, A —ARY ARV Y g
VEROBEERLHIMEICRE LEWIE AV, KoTHARY
Vg VOREIE - FERET E/3%, v ARRDHMG &5
L3Iz E, ThZhoy 22Xy v 3 VBRI HLE
L7ZIRE)IE— F A O &I 5.

FTINEDRIE— DA DXL ERIT 5. WIS
FEADY ANV Y g YERTZWREMEZ T A F§5 2
LIZED, IREJE— P A D= X LDOIMENEETERL, KH
M DMREZE 23 B RE % H S 20123 5. & SISk 4 7
=X L 5EINE T~ F A DEETF RIS OV TRET L
TeAER AR B,

3. YANRL Y 3 UIREIX A =X L

Fig. 2 ICAEHT O T — ¥/ 4 23R I 47 0 Sl s
FZEHNBEORNFEE 70 v b hA4 — LTGRO
F v 2L R EAIRISE ORI &5, S, RE) &
12120 Hz & 180 HzfhEIZkE A ¥ — I BMFEL T 5.

Fig. 3B EMESIE L ) VR4 — L e ik
Boary 7547y 27y ¥ B E FRBIGE O3l
BlZ&RT. 120 Hz fhEICHEIE, IRE1E 12 KRE A — o p

S.P.L. [dB(A)]

Acceleration
[m/s?/N]

Frequency [Hz]

Fig. 2 Road noise and front suspension vibration

T 5.

INEDORFOY — 7 DRI TH 54 2~V v 3 ViRE)
E—FRDAH=ZZXLEFEETTFILDINTA—ZART 412
K0T 5.

31. 78> b X FT vy MEKXDOIREIE— K

Fig. 412120 Hz {HEDIRE € — FA2/R§. £ 787 —
Z, F oy, kA=, a7 T —LNEF Lk ST
Foy YNFANZAEET B3 E—FTHD, $ARY Y 3 V4
WHRIAE LT L T3 &5 IZ/R A 5729, Kif%ET
WA v VNE— FEIERZ 123 5.

Fig. 512180 Hz (DB €— FA/Rd. 54 —LD
FA AT, INTXTY VT F oy ZIIVEREEE A L

S.P.L. [dB(A)]

Acceleration
[m/s?/N]
+—p
N
o
o
w

100 200
Frequency [Hz]

Fig. 3 Road noise and rear suspension vibration

Fig. 4 Rigid camber mode

Fig. 5 Elastic camber mode
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In striving to continuously advance the reputation
of the Honda Technical Review in North America,
and explain its value to fellow engineers, I always try
to reflect on my own experiences in the development
and promotion of technologies and products, and the
research of human motivation.

My humble opinion is that in product development
we strive to create the perfect harmony of technologies
But often, within that
harmony, the individual beauty of each technology

to bring joy to our customers.

cannot be readily appreciated. By creating a technical
paper, we can shine a light on one unique technology
and reveal its individual beauty by going beyond the
“what” and into the “how” and the “why.” This brings
our philosophy to life, separates Honda from others,
and creates greater appreciation for the product in
which the technology is incorporated.

The effort to shine that light - the required process
of methodical consideration and explanation - further
strengthens the understanding and capability of the
author. Furthermore, that effort ultimately leads to
the satisfaction of the instinctive human desires to
be recognized and appreciated, and to contribute to
the greater good. That satisfaction then becomes the
energy that powers us and fuels our motivation.

As the beauty of each individual technology is
understood, the expectation of excellence expands to
elevate the stature and technological presence of the
entire brand. Our technical papers then become the
continuously advancing standard for others to aspire to
surpass and become the rungs on which our colleagues
will stand in the future to reach even higher.
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