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Technology for Realization of Gasoline Engine Brake Thermal Efficiency of 45%
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U, KIEREG)H 45% % AR T v 9 VIS GER L 72,

Seeking to achieve a brake thermal efficiency of
45% in gasoline engines, the development project
discussed in this paper conducted research to increase
the compression ratio in order to boost theoretical
thermal efficiency and to realize an EGR technology
making it possible to control knocking and reduce
cooling loss.

At the same time, the basic framework of the
engine was optimized in order to help realize these
combustion targets. Based on the use of a long
stroke to realize a stroke/bore ratio of 1.5, which
is higher than that of mass-production engines,
thermal efficiency was increased by reducing time
loss and cooling loss through the selection of an
optimal combustion chamber shape. With this engine
framework as the basis, a variety of measures were
applied, including the selection of an intake port shape
that would enhance in-cylinder flow, the adjustment
of the effective compression ratio by means of intake
valve timing, control of in-cylinder fuel distribution,
and high-energy sparking. These measures made it
possible to realize Minimum advance for Best Torque
operation at a compression ratio of 17 and stable
operation at an external EGR rate of 35%, helping to
enable the achievement of a maximum brake thermal
efficiency of 45% in an actual single-cylinder engine.
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Fig. 2 Calculation of maximum brake thermal
efficiency

Related specifications

Method of achievement

Compression ratio

Ratio of specific heat

L

High
compression ratio

Volume/surface

Lean burn |

Low-temperature
combustion

Combustion speed

High EGRrate |

MBT |

Ignition timing

—| Unburned loss

Pumping loss

Combustion chamber
configuration

Mechanical friction

Purpose Influence Factor
Brake Theoretical
thermal thermal efficiency
efficiency
— I —| Cooling loss
Indicated
thermal  fm
efficiency Time loss
— (Degree of
constant volume)

Hig-load operation

High boost pressure |

Fundamental
engine specifications

Fig. 1 Analysis of factors

influencing brake thermal efficiency



HI I T L DIERERNER 45% Z R 1l

3. =EHELE1E

(SR AR (ANENE SV E S e p- Ry ARG aP-¥
KNIRBEE TR DS AL § 5 Z 12 K B EE DK T &
Iy VRN & B KIS OBEADNELERTH S.
KBERIZBENTCEZ NS OHERIZR L, 4TI THRNEH
EGR M iKicz, Pl FETHIBTAZ L L.
(1) vz 2 b a =240z & 20w
(2) WL T 4 4 2 v 2B U & 5 FERhE i L

31.0>7zx2r0—-71t

3.1.1. SEHEEE OB IGR AR T IR

I T R R 2R L e 5 405 FRTH
205, MEREIEIR A RTAL S 2 2 &1 & 0 IRIsEdE KT
FTEEWIEEND D, ZOBERIIRBEEDORTLIZED
K& & BRI BE R AN B iR K U, KB4
HET2-0eEL5. Zoxtbe LT, fkT I 7S
F v T 4 #RIWHIAEORAHEL 2 WTFESIE
INTWBE P, 72720 ZOTRIZRBENIBIZ AR TH 5
L ODOBRLEORBEEE R TIZEAR T THD, EHIZE R
bV EEEHIZIROM N A K& B &5 E B/ n 00 m Ak
AR BRE RS, 22 TN, uy sz ba—s1L
TOWNIBELBZEE L. v A u—s{LkT5Z &
TR —JEfEIC B 2 EERT A2 K& 52 LN T
&, B ORTALEPIHIL, MMOAZnE Z b 2 iEER
RSB T & 5. miEfEitibicksrsury s 2 ta—2
DAEMEEMER ST 5 72012, BpEET Y Y VYO Stroke/
Bore 6 (S/B)1.2 & S/B1.5 D¥AfHT Y ¥ v 28 LIE
iz 4 2 oL O ik 2 Efi L 7. Table 11258
BRT Y Y VL%, Fig. 312y ¥ VAl#E 2000 rpm, XK
SEYARIE T IMEP) 520 kPa, MBT, EGR % 20% 2%
\F BB RMERA R AR, E A b VISR ST
& S/BZLIZ3D EFMC K BMREEHE T E A I T KW,
IRBEHIE R & > & & 5 < & B IR & 3 UikBk # 920 L
7z, ks, DBOBKET VY Y TORBRERIZKIT S IE
REGIROEIZ L4 Ty D VSO A A=A T ) I g
VEME XN B MIGE DR Y ¥ Y SEEEEE A I L
B U 7= S/BL.2 IZB W TIRITML 15 £ TlRBEIR
E9 %L ODEHML 17 TREGEOK T RALNS.
MK L, S/BL5 TIdEHiL 18 £ TEshE DM EAH 5
Nz, S TOBGHE O T O F 24 BERNIZ R DK
FTh%. Fig. 412x Y Y V#2000 rpm, IMEP 520
kPa, MBT, EGR ¥ 20% T® S/B1.5 2%} 3 [EfwEkt 15
25 20 OB ERSEEIA (MBF) QNS R 2R84, Eimlt
20 I CRURICIRIBERIE DK T B BAEL TWD Z & hbr
3. FROBES L OREN KR E L, ZHhid Fig. 5 DREAX
TART &S ITBRBERE OREALIZ & 0 R 7 3B O F T 7
Surface/Volume [t (S/V) K2 < &0, KEO(EIEHFH.

Table 1 Test engine specifications
Engine type DOHC 4-valve single cylinder
Bore (mm) ¢ 81
Stroke (mm) 96.9 121.5
S/B 1.2 15

Compression ratio 13.5, 15.0, 17.0, 18.0, 20.0

Displacement (cm?®) 499 626

Intake port Filling port

Air supply Supercharged

EGR system Low-pressure loop-cooled EGR

Fuel supply Port injection
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Fig. 3 Comparison of influence of compression ratio
on brake thermal efficiency and degree of
constant volume for different S/B
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IMEP 520 kPa, ignition timing MBT, and EGR
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Table 2 Final test engine specifications

Engine type DOHC 4-valve single cylinder
Bore (mm) x Stroke (mm) ¢81x121.6 S/B1.5
Compression ratio (-) 125
Expansion ratio (-) 17.0
Displacement (cm?) 627
Intake port Tumble port
Air supply Supercharged
EGR system Low-pressure loop-cooled EGR
Fuel supply DI
Piston shape Shallow dish
Ignition energy (mJ) 450
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Fig. 21 Achieved brake thermal efficiency at engine

speed of 2000 rpm
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Downsizing as Evolution of High Thermal Efficiency Gasoline Engine

o oo &
Nobu TAKAHASHI
= =] ABSTRACT

BRI D VDML LTE Y VY4 Vv S RS
T 572912, it o LA L7z

By VA VYT VIZERERB I, B
ROHAK L %5 5 @EML (FREZRIL) 2l 825729102
&, SRR TOEW ) v RV MM ERALETH 5. Eily
THED BB, ST & 4 3V 2T K B IR SRR
R, B CHRFIHOEN BN ETh - 72 WRAR
EFWRT S ZLT, EEMEILKRA TR E 2D, v F
VIBEEIZ L > TR E L 28, HRARK T VYU
FUHRATH > 7z, BEGhRE LY V34 DV 7 LM
K3 25ichdb, &5 755 Im LI, B
ZDEDE PFBBEENHE L 5T,

g V34 Uy SRR K AR E A LT H
% L[RIREIS, $Ra vy MEIZ K CTE PR L2 W
FCTES. TOEKT, EEEH V) vy D Dl
I, A bic ks TE Yy v A Dy s a2 D A
PERNFHETH D, 7 OEBUANT TIE, TIZ N R 75
EDIRAN e Bifhi A MEE LM 5 Z & ARETH 5.

In order to achieve downsizing as an evolution in
the high thermal efficiency engine, the possibilities of
increasing specific power were examined.

In order to achieve a balance between the specific
power that is required for downsizing the engine and
the high compression ratio (high expansion ratio)
that is the basis for thermal efficiency, high knock
resistance in the high engine speed range is necessary.
The issue in realizing high power was that sufficient
reduction in effective compression ratio through valve
timing could not be obtained in the high engine speed
range. It became possible to reduce the effective
compression ratio by enhancing the intake system,
and an increase in specific power was obtained by
knock enhancement, but the increase was limited to
the equivalent of a naturally aspirated engine. Raising
thermal efficiency and downsizing are mutually
contradictory techniques, and it became clear that any
further increase in specific power would necessitate
lowering the mechanical compression ratio itself.

At the same time that downsizing is a technique
for improving fuel economy by reducing the
displacement, it can also be expected to heighten
dynamic performance by achieving lighter weight and
greater compactness. In that sense, the approach of
downsizing by increasing specific power is crucial
for achieving evolution of the high thermal efficiency
gasoline engine. In order to achieve this, it will be
necessary to build and apply variable compression
ratio mechanisms and other such radical technology.
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Fig. 1 Global portfolio of technologies for passenger LDVs, (4DS: 4°C scenario,
Improve case: Technology improvements that lowers GHG emissions)
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Fig. 2 Coexistence of thermal efficiency and
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Fig. 13 BMEP limit by reduction of thermal efficiency
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Table 1 Specifications of test engine

Table 2  Port flow comparison and test result

Bore (mm) x Stroke (mm)
Compression ratio (-)

$73x109.5, S/B 1.5
Variable by IVC timing

Expansion ratio (-) 17.0
Engine type DOHC 4-valve
Number of cylinders 4
Displacement (cm?) 1833
Intake port Tumble port
Air supply Turbo charger
Fuel supply Direct injection
Gasoline RON91

o DBYLEIRTOMRE D72 B 6N 5. B
M, TNENOHRROYIY 53 FIETETOARNS, W
NG WMECH RO itk e UTBEMEL2RH 5. K— M #
TENZ BT, ARIOHEIR T O SRR HR & 1 5 Sl
VAR IZI A T, &R T % 720 Ofitatd X CHA X
IRERIROBT N LIETH 5.

ANIRASEENME T L, / v F v 78ERR S -
B NAZY YV ERETE LS HELE, 5000 rpm TOH
BMEP 1400 kPa #1585 Z £ 23T & 7= (Table 2).
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I
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Knocking mitigation

Fig. 16  Knocking mitigation by reduction of intake

resistance
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Fig. 17 Relationship between IVC and effective
compression ratio

Base port High flow port
Mean effective opening area (cm?) 3.55 5.04
Intake valve diameter (mm) $28 $29
Temperature at TDC (K), nc 100% 826 772
Exhaust pressure (kPa), nc 100% 128 143
MBF 50% (deg), nc 100% 36.4 33.1
Maximum BMEP (kPa) 1100 1400
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Development of New 1.6 L 2-stage Turbocharged Diesel Engine for Honda CR-V

mowoa
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2 B

PO T Y Y viE, 1.6 L 88 kW (55 kW/L) D& v
PA DUV TUDVER=ZAEL, PERIRGEL Tz 2.2
L 110 kW50 kW/L) ¥4 —¥ LTV Y VICEZ b SE)
AR HfEE L7z 16 L 88 kW T4 —HILZ VYV D
HELDaEF) T4 A RKRELOD, @itz HE
LC2AF =V —REBHLE vy volidmts
LT, X7 YT FRy TNy FH 2Ty bR EDEN
AHANZREGETL, 118 kW (74 kW/L) OF b 238U
7o E 7z, HHAFED NOx EICAEE 4 FRH U CRRNPEH, 77
ZHH EURO6 DL 3 v ¥ 3 YHENIEA B 7. REM
EHli e UTid, &6 % 2 BRI O, BRIsEE A1 &
BIREERON AR - 7. 25 ORI X b
71, EUROG6 iy, IKRE A i A 728V —2=y + &
FAFE L, WRINIENT £ 7L 2015 4= CR-V IZ45#K L 7=.

ABSTRACT

This newly developed engine is based on a
downsized 1.6 L 88 kW (55 kW/L) engine, with
dynamic performance aimed to replace the previous 2.2
L 110 kW (50 kW/L) diesel engine. The new engine
uses a 2-stage turbocharger to achieve high power
while maintaining the maximum commonality with
the structure of the 1.6 L 88 kW diesel engine. The
bearing cap, head gasket and other parts have been
specially designed to reinforce the engine structure,
realizing high-specific power of 118 kW (74 kW/L).
In addition, a newly developed NOx storage catalyst is
used, complying with the European EURO 6 emission
standards. Technologies for enhancing fuel economy
include further reduction of mechanical friction and
enhancement of combustion efficiency by combustion
calibration. These technologies were applied to
develop a EURO 6-compliant power unit that provides
high power with low fuel consumption, and this power
plant was mounted in the 2015 CR-V for Europe.
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Table 1 Engine specifications
22L 110 kW 1.6 L 88 kW 1.6 L 118 kW
(150 PS) (120 PS) (160 PS)
Engine Inline 4-cylinder DOHC 4 valves
Bore x Stroke ¢85 x96.9 mm ¢ 76 x 88 mm
Displacement 2199 cm® 1597 cm®
Compression ratio 16.3 16.0
Advanced ;
semi-solid casting ) High pressure
Cylinder block technology (ASCT) die-casting (HPDC)
open deck
closed deck
Max. t 350 Nm 300 Nm 350 Nm
ax. torque /2000-2750 rpm /2000 rpm /2000 rpm
M 110 KW(150 PS) 88 kW(120 PS) 118 kW(160 PS)
ax. power /4000 rpm /4000 rpm /4000 rpm
Crankshaft main bearing
diameter (mm) $62 ¢ 55 $55
Conrod bearing diameter
(mm) ¢ 51 39 ¢42
Balancer Applied N/A Applied
Variable geometry Variable geometry Serial-sequential 2-
Turbocharger turbocharger, turbocharger, stage turbocharger,
Honeywell GT14 Honeywell GT12 Honeywell GT10/GT15
c i Piezo Solenoid
f":’?“?”'{a' (Max. 180 MPa) (Max. 180 MPa)
uel injector ¢0.123 mm x 7 holes $0.114 mm x 8 holes
EGR N HP hot EGR HP hot EGR
system of HP cooled EGR and/or LP cooled EGR
Aftertreatment DOC and DPF NSC and DPF NSC and DPF
Emissions EUROS5 EURO6
Vehicle CR-V 4WD CR-V 2WD New CR-V 4WD
Fuel consumption (NEDC) 149 g/km 119 g/km 129 g/km

VEFREL, 2013 FEPIICEMNIANT Civie S8k L 72 .
kD22 LOF 4 —¥rzyor S O gL, 4w
VHA D VAL ST hAMBIRERO T VY U EHE
EHIVV VIV VICHET AR T Y Y g vl £
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FTU T ALy T L RILOKIRE % FZBL /-
KEFETIE, (KRB Y 27 NI A, X6 % 58T
oM EAHEICEY, 16 LOF4—¥LT vy Uik
N—=ZZE@I b L7, 2y o v FEREES NI A — TV
F oy FHEEOTLIV) v aTay 2D 8RS %
BEFED 16 LIy Y EHALTWS, Hiny Yy i
L7z CR-V IZRKMNEH 77 2 Bl EURO6 (EUR06) 12384y
L, 22 LOF 4 —¥LIYDVDBEXL & 58T
%A LoD, NEDC E— F T CO, HEH % 129 g/km DK
BVERE A B L 7=, ARITIE, By Y VIS L 2=ei
JiAbEf, EURO6 i el 36 & O BRE A LBt ic D0

PUITAN N
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Fig. 1 Engine system layout
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Emission Reduction Technology Using Secondary Air for Generator Engine

7k W e B T

Ryo SAITO Takanori SATO

JURRE ARHREE® VAN T

Sayaka YASOSHINA Yusuke NINOMIYA
B = ABSTRACT

2014 FifEfT 2 =4 ¥ FERA V) v EEROPER
HAL Iy ¥ g YVIHBNSSIST 2728, kT 7EA Lfil
AW 2Ly 2T A RIS L 72

NITHED BN EBRRBENDE AV ) vV Y
FERIL, PERR LA 7Y P OHIKIAS L0720, PEXIRED
SIREFMALZ2 R 7 OBARKEETH > 72

ARBRFETIE R 738 AE ONRENH % 5 5 w1k & b
RERE R TEAEEERML, A A2I v g
VR B O R AR S S A X, HEEREEO & &
SENICINEZ T80 b 2T LEEBL -

7o, PRA 2L I v ¥ g VHlEHEIZ DOV T, Raw
gas JI7ELE L Dilute gas JELEZ LLEMGEL, "R 7

IZEE S Z mWillESRE R L 72,

An emission reduction system that uses secondary
air injection and a catalyst was developed to meet
emission standards for domestic gasoline engine
generators enacted by India in 2014.

Gasoline engine generators require a compact size
and high portability, so there are many restrictions on
the exhaust system layout, and it has been a challenge
to realize secondary air injection using the exhaust
pulsation effect.

This development discovered the proper exhaust
pipe and secondary air pipe lengths that increase the
pulsation effect of the secondary air pipe, and realized
a compact system that complies with both emission
and generator noise standards and fits within the mass-
production generator chassis.

In addition, regarding emission measurement
methods, the raw gas measurement method and dilute
gas measurement method were compared and verified,
and a measurement method that does not influence the
secondary air quantity was found.

1. EANDE

RPN EEA§ 2 KR5GS e £ QBRI & 15 5 1
ﬂ%l/y/kbnfé%%ﬁxl:yVa/ﬂ%iik
L XERL TS,

HI) vy BRIV Y v —, B, &, JEE
%, ZIZED XA TS, FHcA ¥ FENICE T
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REWEMEDIET & L TEBRREEOR L Tillfn s h
50 —2h%< (Fig. 1), #lETHREIIET S L 8K
J&, BT >EWICRBREZI2 -0 2T Iy
VgV, BESEMEE LS TS, 202D, {1V F
ENTIRE SN TS REEICH L TEERATZ T I

*PHR&D £ & —

vV, BIUBELIZMKL SBT3,

AREAEITIZT 2014 2 S h 2P 2 23 >
g YRHNSNIS T 2 220 S e TR 7 EA L i
AW HER T 2 LY 2T 4 &, ZOMGEEFBEIZ DN
THIIT Y 5.

Fig. 1 Example of generator usage in India
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2. AEORSWE BIEE

21 R A XTI v ¥ a L RREE

HIN VI v RBERIIAT IR AL I v 3
VHENT, KEIA ) 7+ L =7 M D Air Resources Board
(ARB) ® Small Off-Road Engines 3 & U84 ¥~ K ® Ministry
of Environment @ Indian emission standards for generator
sets on petrol and kerosene VA3 FABI LT3, 2014 -
4V FThifr =5 22 3 v ¥ a VEIKNE, —E(b
3% (CO)2* ARB @ 172 BLF, PExii 99 cm’ AT 2 7 2
®D HC+NOx 28 ARB D 1/6 TH 0, BIfFHA TR ER L W
(Fig. 2, Fig. 3).

XKIZ, CO & HC+NOx DA v FH A AL I v v g v
FREE N4 2 BEREEOPE /% Fig. 4 & Fig. 512
NT.

22. AEOR SV
4 Y FENFIFIZIRIELTW5S 1, 2, 3 kVA 2 5 2D F
VY vy Y vREEKERRE L, DTO3EA &K T
3ZtERS6WELT
(1) P 223 v & 2 V#lHI (Table 1, Table 2) (24
TBHZL
(2) FEESER S (Table 3) 1A 5 Z &
(B BT EEDOZ L H>KRNIZNE L LA T MET S
P
WNHELTBHI) Iy Y UREHD SPEC &%
Table 4 IZ/RT.
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Fig. 2 Emission standard values for displacement of
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India
600 20
_ 500 ? 16 H
< 400 | 2 :
2 S12ft H
%) 300 2 [
g 200 f % 81
100 | === Us Q 4}---us
——INDJA e
o ] | o INDIA
2000 2005 2010 2015 2000 2005 2010 2015
[Year] [Year]

Fig. 3 Emission standard values for displacement of
80 to 225 cm® in CARB and 99 to 225 cm® in
India

Table 1 Indian emission standards for generator sets
on petrol and kerosene
Emission | Displacement CO HC+NOx
class [cm3] [9/(kW-h)] [9/(kW-h)]
1 <99 <250 <12
2 > 99 <225 <250 <10
3 > 225 <250 <8

Table 2 Test cycle for emission testing

Mode no. 1 2 3

Load percent 100 75 50

Weighting factor 0.3 0.5 0.2
Table 3 Indian noise standard for generators

Output

3/4 of rated power

Sound power level (Lwa) [dB]

86

Table 4 Specifications of each model

Generator output class 1 kVA 2 kVA 3 kVA
Model name EP1000 EX2400 EU30i
Engine cms| 80 163 197
displacement

Fuel system Carburetor | Carburetor | Carburetor
Air fuel ratio (Average 12.5 12.6 12.4
Max AC output VA 850 2100 3000
Dimensions 404 x 352 | 965 x 470 | 710 x 422
(Lx W x H) mml 431 x 327 x 570
Emission class 1 2 2
Sound power level

3/4 load (Lwa) B & & 8

600
500 r Previous standard
< 400
=
= 300
2
@) From 2014
3 200
100
0
1 kVA 3 kVA
(80 cmd) (197 cm?d)
Fig. 4 CO values of conventional models
40
_ 35 F
revious
% 5 r standard
—_ 20 L
3
2 15 |
O 10
T From 2014
5 L
0
1 kVA 3 kVA
(80 cm3) (197 cm3)

Fig. 5 HC+NOx values of conventional models
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Fig. 8 Relationship between length of exhaust
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Table 5 Exhaust system length

Length 1 kVA 3 kVA
[mm] Current | Developed | Developed
Exhaust passage 550 750 1050
Secondary air pipe | 900 or more 400 850

Fig. 10 1Z/R$ D, 3 kVA ZERF R A2 k=T
TEAEOREIIZELH DT, ¥ x5 RNIZINE S5
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Fig. 14 3 kVA (EU30i)
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Development of Transmission-mounted Transmission Control Unit

U WEOR R ANoe g T

Kazuki YAHATA Koichi KONISHI

BB OE KT S N

Genta INOUE Takeharu MOTEKI
7 = ABSTRACT

NI R EANOBEHZHME LT, FPT YA 3y
Vg YNOBEFEEENREL, OV fa—)L21=y b &
L.

EREERT 5 Z & TR T/ N1 2 & ORFEESEL & D,
N—3 ZELZHIKT BN TE. F7-, HifmyY 7 b
VT EBERG L=y POV L A RS ANEE
bd22¢T, XEEHPTV2I vy a voORilfEsnaf
BEIZ L 7~

EZERGFFI BT 2=y F AFBOE I OWRE
B, EHERERICMNA Y I 2V — Y 3 ¥ TRl HUHR L is
T5ZET, PEROHERID iy 2=y ML=y b
OERARHERE AKX, £72, BN 757 v b b &
Vax s a4 =3I Lotz L5 LT, Rtk
BYJRPRCEIR A 2000 Hz £ TR L, /ANE A 6 fhilE &
TOMRANEHFENO % 0JHEIZ L 7z,

A transmission control unit able to be directly
mounted on the transmission has been developed for
applications ranging from small to medium-sized
vehicles.

Direct mounting of the unit has reduced the
distance between the transmission and the control
device, making it possible to reduce the length of
the harnesses. In addition, hierarchical design of the
control software and sharing of the solenoid driver
have made it possible to apply the unit to the control
of a variety of transmissions.

Vehicle tests and simulations were conducted in order
to obtain a detailed understanding of the temperature
of the electronic components inside the unit under the
conditions it would be exposed to when direct-mounted
and implement appropriate responses. As a result,
the maximum operating temperature of the unit was
increased against conventional body-mounting conditions.
The rigidity of the mounting bracket and the connector
terminals was also increased, increasing the maximum
allowable vibration frequency to 2000 Hz. These
measures made it possible to apply the unit to a wide
variety of vehicle types, from small to medium-sized.
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Development of New H, Refueling Method for FCV to Reduce Refueling Time

oW +* Steve MATHISON **
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ABSTRACT

A new refueling method was developed to shorten
the hydrogen refueling time of FCV. The conventional
method determined the pressure ramp rate according
to the ambient temperature, and the temperature to
which the supplied hydrogen is precooled to prevent
overheating when refueling did not influence the
pressure ramp rate. The new method added real-time
control of the pressure ramp rate according to the
precooled hydrogen temperature. Consideration was
also given to compatibility, so the only changes to
the hydrogen refueling station side were the addition
of a temperature sensor and software changes, and
no changes to the control and hardware on the
vehicle side are needed. Under the conditions above,
vehicle tests were performed with the cooperation of
General Motors and Mercedes-Benz, with the result
that the new refueling method enabled shortening of
the refueling time in the summer by 30% or more
compared to the conventional method and without
lowering the precooled hydrogen temperature. This
enables refueling in less than four minutes in most
cases year-round in the Los Angeles district, United
States. In addition, a State of Charge equivalent to that
of the conventional method was also secured.
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Technology of Liquid Metal Forging for Cast Iron
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ABSTRACT

A technology has been sought for the metal mold
fabrication that could be used for a trial manufacturing
in the stage of a product development and/or the
actual production stage for a small production
volume to make the vehicle development flexible and
conducted in timely manner. For the dies used for
high pressure casting, surpassing mechanical properties
are needed because of the severe requirements
for durability in their operations. Therefore, hot
forming die steel is usually used for the die steel
material. However, this material is disadvantageous
to machinability and takes longer period for its
fabrication. With this background, the study on a
technology of liquid metal forging for cast iron was
conducted, in which ductile cast iron is cast in a mold
and solidified under high pressure. By implementing
the adjustments of the base material structure
together with enhancements in surface properties,
the production method was established to fulfill the
requirements in dimensional accuracies, qualities of
inner material and the life of mold.
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Fig. 12 Cross sections showing heat checks in micro structures
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Optimization of Combustion Chamber Shape in High-efficiency Stoichiometric Combustion
Gasoline Engine

= N S = el o BE* X H B &
Masanobu TAKAZAWA  Tomoaki SASAGAWA Atsushi OHTA
o o2 tr Hofd AT
Noriyuki TAKEGATA Taketo YAMADA

C=3 =1 ABSTRACT

2 bAFBREES V) vy Yy TOIEKRBEIERE DA |k
2T T, EEfELE, vy 2 ba—2, KED Cooled
EGR, WAIEHLC Vs Oy U VT LT,
EGR A OA L RIS, Rk % wME$ % 0%
FIEROFGELICI D A, KT 57162+ VIH
MEEEER & ¥ T b L ORELD 72O ¥ 2 b v EIE
R, 2 RIRBLDRMEOD 723 DIRBEE SRR O £
WA Z -7, ZORSE, SHB EGR ORGP
BRI 112 X B AL DI, AR OIGHIZ XD
45.2% O IEREGHER & 3ER L /2.

The combustion chamber shape of an engine with
high compression ratio, long stroke, high-quantity
cooled EGR, and retarded intake-valve-closing
specifications was optimized to increase the EGR
limit and minimize unburned loss and time loss with
the aim of enhancing the brake thermal efficiency of
a stoichiometric gasoline engine. A piston shallow-
dish shape was adopted to optimize the tumble
center and the piston top surface distance from the
spark plug, and the combustion chamber peripheral
shape was optimized to minimize unburned loss. The
resulting enhancement of the external EGR rate limit
and increase in combustion speed reduced both time
loss and unburned loss, and achieved a brake thermal
efficiency of 45.2%.
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21. BREFI> Y

IREIIRORELZ B Z I N—-Z2L YDV D
Table 1 (27177

IEHREGHE (ne) IFHAM T Y Y v ORIREGE (ni) &
KA NTES IMEP) ISR LT, 4A%f@z o vox
ATV oY ay FMEP) Ky ¥y ax (PMEP) %
WTLLTF O 63K 7=,
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IMEP — FMEP — PMEP
ne= IMEP

X ni

AMEND BMEP & ZIEHREEEENEZRT. £/,
AREZH T 5 EGRIEAR L, IMEP DY A 27 LV 3%
A AL 5.

22. k>

AL v Y v DI Table 2 1287

RIS 4 P4 Y Py 2@ 0 CHIRLE SEE
A TS TR L7z (Fig. 1). ARICEB T 2 /i bid 4T
Engine speed = 2000 rpm T3 L 7=.

2.3.CFD

Table 11ZR L2 Y Vv ® 3D-CFD I & 0 FNHE)
Dl %+ 27k > 72, RINWBI O L L TELWT 2 v
F — (Turbulent kinetic energy: TKE) Zffif 4 5%. =¥
VIRIBEENO TKE OFHliEF1IC Ricardo software D
3-D CFD V7 I (VECTIS) W\ TH T &> 7=. filiiE
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Ricardo software £t 1-D CFD, =YYy ¥ Iab—V 3
v a—F®O WAVE % 7z,

AFiZH 175 CFD (&9 X T Engine speed=2000 rpm
THEE L 7.

Table 1  Specifications of test engine
Bore (mm) x Stroke (mm) $81x121.6 S/B1.5
Compression ratio (=) 12.5
Expansion ratio (-) 17.0
Engine type DOHC 4-valve single cylinder
Number of cylinders 1
Displacement (cm?) 627
Intake port Tumble port
Air supply Supercharged
Fuel supply PI/DI
Piston shape Shallow dish
Ignition energy (mJ) 450
Gasoline RON91

Table 2  Specifications of visualization engine

Bore (mm) x Stroke (mm) $81x121.6 S/B1.5
Compression ratio (-) 11.0
Expansion ratio (-) 15
Engine type DOHC 4-valve single cylinder
Number of cylinders 1
Displacement (cm?) 627
Intake port Tumble port
Air supply Supercharged
Fuel supply PI
Ignition energy (mJ) 450
Gasoline RON91
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Camera

Fig. 1 Method of visualizing combustion
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Fig. 13 Combustion period by initial flame position

Table 3 Final piston shape

Piston shape Swallow dish (wide)
Piston top surface distance 6

from plug (mm)

Top land height (mm) 3.5

Squish height (mm) 0.8

Squish No squish
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Intake Design for Reduction of Duration of Combustion

TR I N mOR OHE T
Taketo YAMADA Masayoshi TAKAHASHI
NI S A T ot
Kenichiro IKEYA Noriyuki TAKEGATA

= =] ABSTRACT

HYN VI YY YO A% BERT B RO
T, EGR AHURLEIC & 0 KRB 9 2 MABEII O %G % H
& U TRDREI 252 -7z, F9MRIEEHE (m/sec)
& Turbulent Kinetic Energy (m*/sec?) O F-J5# (m/sec) &
OB &R U, MBI A TH 5 Z L 2HEN®D
7o WIS, WCZ Y TNDWHITH > TE WKL T %
T B F O EIZ K > T Turbulent Kinetic Energy (2
ENECDHZEICHEAL, WSO 4 v T &R IR
A= bOHH» 5 XD EW Turbulent Kinetic Energy 2355
N3MEEE LI 557,

BALZNSHAROT Y D Ny FERIEL, BIEE L7
TIRBEHIR 20 deg AN Z FHEB EGR 30% OAFURLE T T
ERL -2 & AR L 72

Intake design has been conducted as part of
research seeking to realize a level of thermal efficiency
of 45% in gasoline engines in order to reduce the
duration of combustion, which had been extended by
EGR dilute combustion. First, the relationship between
burning velocity (m/sec) and the square root (m/sec)
of turbulent kinetic energy (m®*/sec’) was studied, and
it was determined that these parameters were effective
in reducing the duration of combustion. Next, the fact
that differences in turbulent kinetic energy occurred
due to the direction of the flow passing the intake
valve even in the case of flow motion with the same
tumble ratio was focused on, and specifications were
selected in order to make it possible to obtain a higher
level of turbulent kinetic energy from intake ports
displaying the same tumble ratio.

A prototype engine head was manufactured using
the selected intake port specifications, and test results
showed that the target of a main combustion duration
of no more than 20 deg was realized under conditions
of dilute combustion at an external EGR rate of 30%.
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Table 1 Engine specifications
Designation A | B
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Table 2 Coefficient of correlation between TKE and

MBF10-90%
Measurement point Coefficient of correlation
TDC —0.7341
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Fig. 3 Relationship between Sc and MBFse, to
determine amount of correction
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Fig. 5 Shape of tumble plate to change tumble ratio
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Fig. 9 Generation of curved tumble vortex center line
and progression over time
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Table 3 Degree of enhancement of intake flow

TR (-) FB(-) TKE (m?/sec?)
Base 2.34 0.04 21.6
Following modification 3.96 0.87 113.3
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Fig. 13 Intake port shape before and after
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Study of Spray and Combustion Using Fast Response Common Rail Injector with Micro Orifice Nozzle

e e 7w om W HoOWO#RT
Akira KATO Katsuya MATSUURA Yasuhiro YOSHIMI
B = ABSTRACT

TA—ELLY Y VDE 5L EHEEH ZOMKIRE H
&L T AN/ NMEIZ DWW TRGS L 72, Zhic
PRRHE G A DS X 2RO EREA VPV 2 7 211
NTH 8% M LXx¥=Ta bt &4 T4 vy s & EHN
7. ZAZMERCE A Rl T AL & AL D AR B
0.08 mm 25 0.12 mm % TO —FlifH A UG L 7=, WEFEEHH
I o AR, MELICEORE P L =2 g v (B
INEFL, Wﬁ&¥ﬁﬁﬁﬁmé<&5@ﬁ%%?:
EMfERR X e, IZZ VY VIRBERBR & 5 T 75 5 7245
%,/zwﬁﬁ@m&mtgﬂmd,ﬂ%&FA%wﬁA
AR X 2 5 720 FEYE A 2 ORI IZFSG LanwZ &
N o7z,

Reduction of the nozzle hole diameter was
investigated with the aim of further reducing
harmful exhaust emissions from diesel engines.
This investigation used a prototype injector with an
injection rate gradient at the start of fuel injection
that is approximately 80% greater than that of a
conventional mass-production injector. Three types of
nozzles were prepared that have the same hydraulic
flow rate and only different numbers of holes and
hole diameters from 0.08 mm to 0.12 mm. Spray
measurement results confirmed that as the hole
diameter becomes smaller, the spray penetration drops
and the droplet Sauter mean diameter also becomes
smaller. In addition, the results of engine combustion
tests showed that reducing the nozzle hole diameter
and increasing the number of holes increased the
rich portion of the air-fuel mixture, so this does
not contribute to the reduction of harmful exhaust
emissions.
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2.2, HEETR & EREM
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Table 1  Specifications of common rail injection system
Injector prol\(lljif:;on Prototype

Max. pressure (MPa) 200 200
Max. injection events 5 5
Actuator Piezo Piezo

) Back Fuel pressure
Needle actuation pressure .

control direct control

Table 2  Specifications of injector nozzles

Mass production Prototype
Hole diameter (mm) 0.12 0.12
Number of holes 8 8
Spray hole angle (deg) 160 160
Flow rate (cm®min) 740 740
Sac volume (mm?) 0.17 0.40
Seat angle (deg) 30 60

2(|)0 mm

Fig. 1 Cross-section of prototype injector
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I
: // Needle
: o/l | - Seat angle

AV -

Hole I/ Sac volume
I

— 10 mm

Fig. 2 Comparison of cross-section of special nozzle
for fast common rail injector
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Fig. 3 Nozzle flow rate of two types of injector
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Fig. 4 Comparison of fuel injection rate profiles
(1/4 engine load condition)
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Fig. 5 Photographs of spray using high pressure
vessel (0.5 ms after start of injection)

'E 60 1 T T
é | | 1
c 239, L }
£ 40 f--2%%2 ‘ s
© | I
"q__') | I |
c | |
g 20~ " | —o— Mass production |
g ! —e— Prototype
Q. 0 : .
(%)
0 0.2 0.4 0.6 0.8

Time [ms]

Spray angle [deg]

Time [ms]

Fig. 6 Comparison of spray characteristics of two
types of injector at 1/4 engine load
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Table 3 Specifications of injector nozzles

Table 6 Specifications of single-cylinder engine

Table 4 Measured properties of diesel fuel

ltem Test method
Cetane index ASTM D-976 43.2
Density (g/cm?®) ASTM D-4052 0.852
Viscosity (mm?/s) ASTM D-445 2.2
T90 (°C) ASTM D-86 306
Aromatic (vol/%) ASTM D-1319 28.4
LHV (kJ/kg) ASTM D-3338 42838

Table 5 Conditions of spray measurement experiment

Recording speed (fps) 10000
Shutter speed (us) 2
Resolution (pixel) 512 x 512
Ambient gas N,
Ambient pressure (MPa) 1.4
Ambient temperature (K) 298

NE32A4AIVI7LRCFEMAERELES LS 1.4 MPa
D N H 2 &EF A UiRBR % FhiE L 7. alBRIE, OB S &
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Fig. 7 Schematic diagram of spray measurement

150 W metal halide lamp

Nozzle Nozzle Nozzle Engine type 4-st. single cylinder
A B C
i 3
Hole diameter (mm) 0.12 0.10 0.08 Displacement volume (cm?) 550
Number of holes 8 12 19 Bore x Stroke (mm) 85.0 x 97.1
Spray hole angle (deg) 160 160 160 Compression ratio 17.2
Flow rate (cm®min) 740 740 740 Fuel injection system Piezo common rail
Sac volume (mm?) 1.23 1.23 1.23 X X
EGR rate Continuously variable

Seat angle (deg) 60 60 60
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Fig. 8 Outline of droplet size measurement using

PDA
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Fig. 9 Schematic diagram of single-cylinder engine
system
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Table 7 Conditions of engine combustion experiment

Nozzle hole
diameter 0.12 0.10 0.08
(mm)

Engine speed

1500 1500 1500
(rpm)

Load 1/4 1/2 1/4 12 1/4 1/2

Injection
pressure 100 110 100 110 100 110
(MPa)

Intake air
temperature 343 | 333 | 343 | 333 | 343 | 333
(K)
Cooling
water
temperature
(K)

Total
injection
quantity
(mm?¥/st.)

Pilot
injection
timing

(deg ATDC)
Main
injection
timing

(deg ATDC)

353 | 363 | 3563 | 353 | 353 | 353

18 32 18 32 18 32

-80 | -166 | -85 | -16.5 | -8.7 | -17.6

5.8 4.0 6.0 4.1 6.5 4.0
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Fig. 10 Combustion chamber shape
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Fig. 12 Numerical comparison of spray penetration

and spray angle
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Estimation Technology Establishment for Temperature Distributions of Engine Based
on Thermal Balance under Vehicle Running Conditions
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The estimation of the temperature distributions
of an engine requires consideration on the process
of releasing heat generated through combustions to
the atmosphere. In this study, the heat inflow/outflow
balance was calculated using one-dimensional thermal
simulation tool. Using those results as boundary
conditions, three-dimensional simulation on the
structures of an engine was conducted to establish a
method to estimate the heat distributions of an engine.
An air-cooled engine, whose cooling conditions are
highly susceptible to its configuration and shape, was
selected as the target engine for investigation.

The 1D simulation for calculating the heat balance
was structured with four specific methodologies. The
first one was an engine cycle simulation method
that calculates the heat transfer from the combustion
gas to the engine structures. The second one was
a heat transfer simulation method in which engine
components were replaced with simple shaped objects.
The third one was a CFD coupled with an empirical
formula to calculate the heat transfer to oils situated
in various regions in an engine. The last method was
a CFD simulation applied to the running conditions of
a complete vehicle to calculate the heat transfer to the
atmosphere.

Utilizing the results yielded through this one-
dimensional thermal simulation as the boundary
conditions, the three-dimensional temperature
distributions were estimated. As the result, it was
confirmed that the temperature distributions of an
engine could be estimated with a high accuracy under
running conditions of a complete vehicle. Moreover,
it was verified that the temperature distributions can
be estimated accurately for a variety of vehicles
with engines of different specifications and mounting
conditions.
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Table 1 Engine specifications of test motorcycles
Vehicle A Vehicle B
Engine type 4 stroke engine | 4 stroke engine
Number of cylinders 1 1
Cooling system Air-cooled Air-cooled
Bore [mm] 79 50
Stroke [mm] 59.5 55.6
Displacement [cm3] 291.6 109.1
Compression ratio [-] 9 9
Maximum brake power [KW] (7,5(;(?r?min) (7,506(3).2r/min)
Maximum brake torque [Nm] (6,0505.5min) (5’50%?/“”)
Maximum vehicle speed [km/h] 128 89

(a) Vehicle A

(b) Vehicle B

Fig. 1 Engine shapes of test motorcycles
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Fig. 2 Overview of temperature estimation method for air-cooled engine
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Fig. 4 Test equipment for measurement of heat
transfer coefficient between cylinder body
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Table 2  Calculation conditions of CFD for oil jet

Solution type
Working fluid

Unsteady state

Qil and Air

Compressibility Incompressible

SIMPLE
(Semi Implicit Method for
Pressure Linked Equation)

Pressure velocity coupling

Mesh type Hexahedron
Mesh size [mm] 0.15-2.4
Engine speed [r/min] 2,000
Flow rate of oil jet [I/min] 1.0
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Table 3 Calculation conditions of CFD for airflow

Solution type Steady state

Working fluid Air

Compressibility Incompressible

Turbulence model Realizable k-¢

Hexahedron
Mesh types Tetrahedron
Pyramid
Mesh size around the engine 1.8
[mm]
Total number of meshes 25,000,000
Vehicle speed [km/h] 128
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Table 4 Calculation conditions of 3D thermal
conductivity simulation

Solution type Steady state

Mesh type Tetrahedron
Mesh size [mm] 0.7-1.4
Total number of meshes 15,000,000
Number of boundary conditions 40
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of engine (1D thermal simulation)
Boundary

conditions

Atmosphere temperature,
« distribution
(3D-CFD for airflow)

Outer surface
of engine

Reference temperature

0.00
I ( Cylinder
0.02 Body
E ’\»
S 0.04 N
g M L
Q
£ ™
c 0.06 —
Q f
[0]
(8]
E 0.08 /
@°
: 1
0.10 & Sleeve
0.12

Heat transfer coefficient

Fig. 18 Boundary conditions on cylinder wall

REMENRBETH S, ATFHETIE, 2 VIBIREEES
BRI, —RICES I 2L -V aVvnbENBE R
b UBEIEERE L BRSNE T ) v ANECERE L 7.
ZOBRGFME UTH A mE & BRER % Fig. 18 1T
T RURT &S, BT 2D BE KX 2T 55 2
oy M2 5 OPREEDFEWTIIC I 1) 2 SIRIE 28 &0,
F 7z, BMEERIZE Z b Yo ARk KO N ERALE D
FETEWVEERZ LD X ik k->T05

X5, TV Y UREITIFETEMAEFTO3D-CFD I
LFtR I BIREZR N ME~Y o E Y I LT

5. ERENETERHFTTOI LY LV RE T
¥E B DARELE

5.1. $RAERA TORETFANEE ORI

ARIFFEOWSE T T HEOZ M2 RGET 5 728, ik
Hilj A DETIREEICHE T B TV D v OREBIIE % IR 12
TEHAL 72, R EHANG, Btak i o &d s Td 5 128
km/h Z5MHCEmL. 0L E DTy Y v EEHE T



Honda R&D Technical Review

Vol.27 No.2 (October 2015)

8,150 r/min TH 5.

Fig. 19123 ) v &y F &R OFH I K U7 HIHE
ROWB AR, MR BERA S 2 mm ) O 4 51
BEUKKT 7 7 O T R T, W RIS E
MR E K< —K LT3, £/, mHlz 4 VIZELTY
FRIZEHIAS SR e L Th D, EOHMIZH TS Tl
FESIFEHIAE SR+ 10 K ORPHFIZH 5.

Fig. 202> ) Y &~y F L OHiDITHEIA S 5.5 mm,
ART7WE2 5 2 mm OMEIZKETS2) v EFOWRE SO
BARYT. KIES ) v A ORFIROERE S Th D, FHll
FERTIERER — MUK D PR — MU, =0 o vk
MED HEMBERE Bo T3, P E— MIDBER &
KRAZBEIZHR T 2I2E 28D TH 5. HUNERIZA S

Temperature [K]
370 IS 70

620

- @- Measurement
[ calculation

570

520

470

Temperature [K]

420

370

Sparkplug | Ex R In
)

L Ex R In
seat \ \

Y

Y
Proximity of R
combustion chamber Cooling fin
Fig. 19 Comparisons of temperature distribution in

cylinder head

--4--- Measurement
—O— Calculation

Temperature [K]
370 I 570

Fig. 20 Comparisons of temperature distribution in
cylinder

MHIZ, 2Oy YV TN LF = — VEIEHNCEE X
NHH 7 4+ VETEHENR TV S 720, RN DRREGE D 7
W= EZbND. PHIKEFRIE Z O & FHIHER & &<
—HLTHh, EOMEMTEINRERE OERITE 10K
DFEHNIZH 5.

WIZ, Fig. 21122 ) v AW IFIRIOIREE 532 D0 T
DOMGERERERT. 20 VWL, €2 O FFEsl
22 > TR P 2B H 528, ) ¥ FOEF DN
FTHhORUZ BT S P& GHIES R ClRl—DfER %2R LT
WA, SWIUERY I 2L — Y 3 VOB TEIE G & K
BHERTFHETIE, V) v AL O WS L A R R <
FUFT 2 ZEDBWETH 7. LI L, KAFETIE—KIT
B I ab—vaVvEMoTC, BIBTANE VY VAR
(EEINZEEDT ) ¥ AHLF T TOENEHBRE L 722
&, WEAARE & PUlTE 2

5.2. SV A= DRE FRIKEE OIRAE

W, KT 7 7B mHIT 5 =010 ohiz o
Y FOHETOMGE%E B Z % > 72. Fig. 22(a) I2/"7
CFD Oyt & RMOBRLER NS, ¥ 2T 7 FEIT L
KT T T TBNDERFES DR KD T LT, BYRER
PETTBZ bbb, 72, Fig. 22(b) Iom$ &S 12,
FHFERIEF S RO Sk 75 2 fisd T L RS D 2L
EHICHBITE B Z LR TE 72,

I-Q-- Measurement —e— Calculation

Temperature [K]

520 470 420 370 370420470520
6I—I—I—|' l—l—l—lé
\
2
Exhaust side Inlet side
520 470 420 370 370420470 520
e —_—
/
Left side Right side
Temperature [K]
370 NN 520
Fig. 21  Comparisons of temperature distribution in

the direction of cylinder axis



ETRECHNEZ ZEB L -T2 VU BESHOTFRFMOEE

5.3. & EM B TOERE FRIFEE DR

BEDZTY YV EBERLZ nddifs T, AT
BORYNURTA B I ko7, ZoMRETROL Y ¥ v Ek
JeiE, il Table 1 O Hl] B 1Z/Rd. HE TIIOBGE
L LT, Bl A EEBEICHET B D& EEE Th 5 89
km/h Z#IRNL 72, 2o & &, TV Y v REREEIX 8,300 r/
min T& 5. Fig. 23 ICZOHMIZH TS LV ¥V OIES
MO ERS. V) Y FOFHMNEL, ) v EANy R
OFFDAIFIE A2 S 25 mm, AT7HEHA2S5 2 mm TH 5. HE
FUFEERIZE, AT 7 7D E V) v A EE S L
SITEHIS SR IERIC K KL Tk D, ZOHMIZH W
TY, PHIRER L FHAKEROERIZIE 10K INTH - 7.

Without shroud

With shroud

Heat transfer coefficient [W/m2K]
0 I 150

(a) Stream line and heat transfer coefficient on engine surface

580
--@-- Measurement

& 560 | E3 Calculation
(0]
2
g 540 ///
5 -7
~ 520 |

500

With shroud Without shroud

(b) Temperature around spark plug

Fig. 22 Comparisons of heat transfer coefficient and
temperature around spark plug
580
--@-- Measurement
560 .
< @ Calculation
[
2 540
©
8 520 |
IS
2
500
480
Spark plug L Ex R In
seat ' Y /
Cylinder

Fig. 23 Comparisons of engine temperature of
vehicle B

AW TIFE, E, 1, v Y v EEIRESR
ETROFN L ENKEL RAESZ ZDOOHEMIZE W TEW
THIRSEE N B 5 Z & ARE 7=,

6. f&

[

MBS I BT, Tl OETEF TG v
O VIS I B THEOMEE B Z ko 72 KiE
FHIT I TSR &5 2 ET > Tn 3
(1) TV Y Y OBINT 2K 2 7280, BRBEH 2 h 6 ABk,

I VY VNOIEEGE, KRNDIRED R & — K ITEL
YIial—va YNTHR X E /.

(2) —=WICEY I 2L —Y a VEFILNIZ, ZThE TR
oY)V ERTF L 2 — TOBMEER % HE
BRI SROIEA L 72,

(3) YV Un oA A NANDOMEEBEORE %, FERR
IR 724 A L LEERI OBMZE#E & CFD & MlAA
HDEDLILE TR I 2L —Y 3 VY EFILIDE
AL

(4) —WITEAY I 2L —Y 3 Ik, TV DV READ
BRfial K OF 4 L & RRANDREOEIE % 5
ML, ZhickvBohzx Y v NOFIADE
L BRER A T, S S A Tl A B 2
%oz,

DEEy, 2o voitlls— 4258 5#HW5Z &k<
ETEETOT Y Y Vg S % £ 10 K LN EEE T
FHIFTEZENTE, 72, TV UADRAY =D IkkE
DRELEEETHARRE DT Y Y Y i A 72
MIZHWTEEOIRE THREE 2N b 5 2 L 2URE72. Ko
T, BmIT Y Y v ORGHEREC B 5 BT IRREDIE 75 1
THRIFESHETX /.

SE Xk

(1) Takahashi, Y., Gokan, Y.: CFD Analysis of Air Flow
of Air-Cooled Motorcycle Engines, SAE Technical
Paper, 2006-32-0005 (2006)

(2) Baird, A., Thornhill, D., Cunningham, G., Troxler, P.,
Price, B.: CFD Simulations of Heat Transfer from
Air Cooled Engines, SAE Technical Paper, 2006-32-
0004 (2006)

(3) Gokhale, A., Karthikeyan, N.: Optimization of Engine
Cooling Through Conjugate Heat Transfer Simulation
and Analysis of Fins, SAE Technical Paper, 2012-
32-0054 (2012)

(4) Mahmoud, K., Loibner, E., Krammer, J.: Integrated
1-D Tools for Modeling Vehicle Thermal Management,
SAE Technical Paper, 2004-01-3406 (2004)



Honda R&D Technical Review Vol.27 No.2 (October 2015)

(5) Moffat, J.: Coupling of 1-D and 3-D CFD Models to
Predict Transient Hydraulics in an Engine Cooling
Circuit, SAE Technical Paper, 2002-01-1285 (2002)

(6) Horikawa, H., Kido, H., Iijima, S., Murakami, Y.:
Prediction Technology of Output Power and Intake-
Exhaust Noise Using 1D-Simulation for Small-
Displacement Motorcycles, SAE Int. J. Engines 3(2),
p.428-437 (2010)

(7) Onorati, A., Ferrari, G., Cerri, T., Cacciatore, D.,
Ceccarani, M.: 1D Thermo-Fluid Dynamic Simulation
of a High Performance LLamborghini V12 S.I. Engine,
SAE Technical Paper, 2005-01-0692 (2005)

(8) Nomura, T., Matsushita, K., Fujii, Y., Fujiwara, H.:
Development of Temperature Estimation Method
of Whole Engine Considering Heat Balance under
Vehicle Running Conditions, SAE Int. J. Engines 8(1),
p.120-134 (2015)

(9) Klingebiel, F., Kahlstorf, U.: Simulating Engine
Lubricaton Systems with 1-D Fluid Flow Models,
SAE Technical Paper, 2000-01-0284 (2000)

(10) Koshizuka, S., Oka, Y.: Moving-Particle Semi-
Implicit Method for Fragmentation of Incompressible
Fluid, Nuclear Science and Engineering, Vol. 123, p.
421-434 (1996)

(1D RE—K, W5, BIEEA KT 5 E O 22 iR
FRIZH T 2 EHUBEO TW, BB HEGN 25 SCE, Vol.
41, No. 1, p.147-151 (2010)

(12) Ishii, M.: Thermo-Fluid Dynamics Theory of Two-
Phase Flow, Eyrolles, Paris (1975)

(13) Basara, B., Alajbegovic, A., Beader, D.: Simulation
of Single- and Two-Phase Flows on Sliding
Unstructured Meshes Using Finite Volume Method,
International Journal for Numerical Methods in =z =0
Fluids, Volume 45, Issue 10, p.1137-1159 (2004)

(14) Martin, H.: Heat and Mass Transfer between
Impinging Gas Jets and Solid Surface, Advances in
Heat Transfer, Volume 13, p.1-60 (1977)

(15) Tsubokura, M., Nakashima, T., Nouzawa, T.,
Nakamura, T., Kitoh, K., Zhang, H., Hori, K., Oshima,
N., Kobayashi, T.: Numerical Prediction of Unsteady B & Ml AT B g ez
Aerodynamic Forces on Road Vehicles Using High
Performance LES, FISITA World Automotive
Congress (2008)

[ S




A
af

B Eg T ) —TICL BN\ T L TEREE DT IR

Technology for Prediction of Housing Wear due to Outer Ring Creep under Bearing Load

R OH ®Ln” MAIE % mE* GUN= A N
Yayoi NAGASOE Shigeharu WAKUI Yuta MAEYOSHI
B =] ABSTRACT
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A method for the prediction of the amount of wear
occurring to the housings of automotive transmissions
due to the rotation of the outer rings of the bearings
has been newly developed. The method employs a
3D dynamic analysis in order to simulate the creep
behavior of the outer rings of the bearings. The
amount of wear to the housing is calculated based
on the contact pressure and creep distance of the
outer rings of the bearings determined by analysis
and the specific wear rate measured in a unit wear
test. Because the direction of wear differs for each
shift stage, the amount of wear is totalized with
consideration of the direction of load. Predictions of
the amount of wear to housings display a high level
of correlation with the results of durability tests. The
high-accuracy prediction of the amount of housing
wear makes it possible to study specifications for the
control of housing wear from an early stage of the
design.
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Simulation of Adhesively Bonded Parts for Multi-Material Bonding Structure

5 oH B B\ e B T BT Ui S I SO &
Tomohiro SHIMAMIYA  Chiaki SATO Eiichiro YOKOI
HOR ZE R e E
Toru FURUSAWA Keiichi SATO

7 = ABSTRACT

BEBEASROWEAES, BREOMHEEY I 2L —
Vg VETH 2, MEEBEEWEh G hYET
A BEBRR S L2, O O IRAEE & Z 5T
5728, WEIEWOE A UE 126 U 28R 5 18R R 0 A BR
FhE L 2.

BEBAWY I 2L — Y a VIR L TR E M
W N2 7 — B LR B SRR OMZEY I 2L —
Vg VERITYD, T OSRE NG S RODEZ 85 &
U, BAFafis R 57

In order to perform completed vehicle crash
simulations involving the destruction of adhesively
bonded parts, a damage mechanics model called a
cohesive zone model was applied to the adhesively
bonded parts. A dynamic tension-torsion testing
method that supports a wide range of strain rates
was constructed to take into account the strain rate
dependency.

Simulations using cohesive zone model of
adhesively bonded parts were performed at levels
ranging from the small-scale coupon level to completed
vehicle crash simulations. These results were compared
with the results of full structure destruction behavior
tests and exhibited a good correlation.
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Fig. 1 Example of CZM parameter definition
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Table 1 Test standards for CZM parameters

Mode Mode | Mode Il Mode | and Il
Standard Peel Shear Mixed Mode
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Adhesive | ASTM 99(2012) - -

ASTM | D5528-13 | D7905M-14 |D6671M-13e1
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Fig. 5 Force-stroke diagram of DCB test
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Development of Paint and Painting Method for Magnetically Formed Decorative Painting
with Enhanced Three Dimensionality

o B fe oA
Akiko TANAKA Tkue SATO
E3 =] ABSTRACT

ARFAFEIE, ZfnE o SRR W 3 B R PR TR %
1220, MEfEDRIER XD & SO IR E R - 7o i5ikk A
HEXEHZLEHEE LA 7§, BRcEHEIh ST
L — 2 OFIFNIZR®D 5 N 5 &0 & @t U, wIZ, Z ORA
ERERBAT 27200 FEERET L2, 2O, &
FhD 7 L — 27 OB E 5T 2 il 2 58 72 8RS &
WG EARE L. 7L =20 ERBHT 57201
i, 7V — MRS EEREM R A N, gL — 2
DEPN1R, R IZIbD B =0 ICE 5 TR 2 7RI L
7o, EHIT, sy v F OFREI KD YA D 7.
P EOTHEEHAYE, BHETA VEET TRV K&
Fio 7 BRR DR BIA KBS 5 Z L ITRIL 7=

This development was aimed at the creation of the
method of magnetically formed decorative painting
applied to the outer parts of motorcycles to realize
a larger degree of three-dimensional appearance.
First, the conditions required for the orientations
of the metallic flakes contained in the paint were
investigated. Following to that, the method to realize
those orientations was examined. Based on the results,
the paint and the painting method were developed to
enhance the controllability of the flakes” movements
while painting. To make the flakes movable more
easily, a high magnetic permeability material was
adopted as the flake material. In addition, to make
the flakes promptly stop after required amount of
movements, a high molecular weight resin was added.
Moreover, application of the optimized setting of the
thinner further enhanced the controllability of the
flake movements. By combining these methods, the
decorative patterns with the larger degree of three-
dimensional appearance were successfully realized
under the conditions of mass production lines.

1. BREBW

VAR “dnEi g2 ASEAN Mk A o0 BRI L, BIE
L ZOMBIIIERLDDH 5. ZOHiIC & % & A
BEAEP S A XN TS, Fig. 11272 DREFI %R,
72, ZOMGTRGEE NS 2 < OBMIINET A Vo
AT > THAARZ B > T 2 8HE 7 23— D 8 5 1k
NREL A2 H 5. BHEORmED 2 ET 5729
2, BlE A N — 1SR A A TR I h ETICE L TH
WA EED DL 5TV 5,

AT T, MR EmIC I hsEEL, X512%
OLICB D HF S h kB rNh7e T 74 v o3 =2
Td 5 (Fig. 2). WETII@HOEERC A & D, MEDOEN

* fi R&D v & —

https://doi.org/10.69239/hondatechnicalreview.2015 27 2 14

LOBEXXIFIEMEL DS, 72, VI T4 v v —
7 XXX AEMBRDEDOPFET D0, MiiFEE LT
BEBLLDTEEEVRREAH D, 2—HFI2& 5> TIRME

Fig. 1 Examples of small motorcycle models
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TPERRRRIE & 13, BRA R T 5/N S &)@ (7
L —2) & SRIRIMU 22388 & U, SR8 0 %
MR 2 EDWIIRRERE X ¢ 5 & DEWH L TEEE
BIKIEDThHD. WHEMEREZ DL DIINEKD S AF
T HEETHED—DTHS. LrLahs, wimkicfh
EHIN=129 7 %y by — P EMREIE T BERH 5
BE, KRAFEICHMTA IR EEARELH - 7=
ZD7%, “EBEAHOBRTFERE L TTHRHEhSZ L
F 2 h o 7, A IIRERE T A A KRAEEISEICE % &
SIZTHRL, 2008 Fic &4 CHREL I Z %57 (Fig. 3).

BRI, AR T 75 ¥k & TRV KD fd
BeAERBXELZENTE S, 72, EEOBEIL, MY
DEVFEIICHEX N, ZOEAE T bOFrLrENICE
b6, L 2B, BIREICRTE 2K X8
Y H 5.

2008 D RPERFIZ I, WEIFIZRAT S 2 2R EM
FHe UTHMkARAY — bEHWSZ LT, ZOBRETE
DOEETFENOWEHAAFHHE L2, ZORKOEMIZLD,

Magnified view

Fig. 3 Mass production model (2008, Thailand)

SLARKY 2 AR D FEBL & 0 S BRI R Bl A £ — D DRI
B 7=,

ORI ERE A, ElETRFICEHL DI L EEE
L, SHICVREDR S 2B LTUEL L E WD BllbA 6
DELN D -7z, 72 THMENL, Bl L UBEFE K
BU, fERED & SO IREE & DGR % F2 814
5ZLEMFBOHME L.

2. BREEHAONE

21 A ARBEDERE

T PERERE RS & 2 W T, FEEEIS ARSI L
BODIZVARICR A S &0 —HOHRIC L > THITZ %
U XHB3RIEETN TS, KBTI, 2Ok
IZRZ B SEIR | & [ AR (Plasticity) | &R Z & & L
7o, ZOMEBECEOEFEHTIL, HED K129 5
ZENTEDLEZ I

A NARPAFTHIEL 2 K&IE, BRREERL T3
X DS R A T B IR RIS D72 > TR A4S
LMBEEMATZEDTH S, Fig. 4 D (a) IS BEAFEFE M A
HOBRMNEAERL T05. (b)IZFHEE 2 BRI
ALTWE, ZMBORAEY — &L 7-8B48058lc
£3L, QBEZABOEOEBIOARPILERMZRZ, =
AEONINZIZIEFHIZR A S, —H, b)) iAo
PR 3 3 R 2 =AD& I/ A 3. (D&%
PEE TRVALNLYATARY Vs Fact - aP Bl DY SRRV Z N U PAN
SAMEO X I ICRA B, BHBMOMEEZT S Al
DONMIOFIROBANE A F 5 AEIC K > TELL, ZDIEM
&> THRITZEZELZ26TH B, (a) & (b) 2 1HERT 3

Test figure
(triangular shape

Actual decorative
pattern

Formerly developed Target appearance

(a): It is representing insufficient perception of depth as the
area of high luminosity is limited only around the area just
adjacent the perimeter.

(b): It is representing the perception of depth with gradual
changes of the brightness ranging over the area within the
perimeters of the triangle.

Fig. 4 Plasticity defined as development target
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V=2 kGRS EIGANETHY, 754 vEHEHKIZZ
DXR—=22— DB HEELIEKS. EHIIR=2T—+D
WIERRIZ, BHO by 7o — F BB L CERmISERE T
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2794 ~, X=23—1F, by 7 Ia—bD3REDOELERM
KTdh5.
BEPERIRREIE TIE, MBI S 2 AaY — b
SRELSNTOIMIRIIB-T, 7V =203 H5—ED
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C3LELZLNS. 510, BBy #BIEEDOR 5 ME
EEATHRT S L, AR > THMT57L -0
DRE DB NZED B . Z HIE > TR O &5y D
JENZALT 5 7280, BERRAS S ANIZRZ 5 & fEE L 72
(Fig. ). ZOHEEEEMNT 272012, ITO - DOHERIZ
KAMGEE B T o T,

222 KEEOELDATE

9, WA OIS KD KA E D 5D ZAL
EHERE L 7o, EISE, BRENMIE A E A TRE & HIE T
52 LDTEIEMUEEEMA . kb, ARoHhT

| Flakes with magnetic permeability | | Magnetic lines of force ‘

Top coat (clear)
=80 Py
Fradsarnin sk I

15-20 pm

15-20 pm

5-10/um {_|HRimer

25mm 7= ) \d
Base material (plastic

1.0 mm

The magnetic lines of forces (magnetic fields) originate at the
N-pole and reach the S-pole by traveling along circular lines.
The magnetically permeable flakes are aligned along those
lines.

Tesla is used as the unit for describing the density of magnetic
field (the index for strength of a magnet), where one tesla is
ten thousand gausses.

Fig. 5 Assumed principle of flake pattern generation
in magnetically formed decorative painting

AT nwatoim, i, HEIZDWTORD i,
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Light source

P Observer
0. </
%4
Flakes
A

/Y

Fig. 6 Presumption of the reason why magnetically
formed decorative painting appears three-
dimensional

Vertex point at obtuse angle

Central point

Vertex point
| atacute angle

Measurement point Intensity of magnetic field (mT)*
Central point 40— 8.0
Vertex point at acute angle 9.0-15.0
Vertex point at obtuse angle 7.0-12.0

* Measurement equipment: Tesla Meter (TM-601, KANETEC Co., Ltd.)

Fig. 7 Standardized specifications of magnetic sheet
for testing
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Light source

Detection points
‘/ (from 5 degrees to 45 degrees
' with interval of 5 degree)

Measurement area

\ Test piece

-

Measurement base plate

Measurement area

2.0+0.5 mm

The gray strip surrounding as
perimeters of the triangle is
showing the area with high light
intensities.

Measurement with variable-angular photometer and measured area
(GP200, Murakami Color Research Laboratory)

Fig. 8 Methodological configuration of measurement
using variable-angular photometer

Measurement results of reflected light intensities

General metallic painting

Light intensity (arbitrary unit)

5 10 15 20 25 30 35 40 45
Measuring angle (degrees) Magnetically formed

decorative painting

B General metallic painting
k4 Magnetically formed decorative painting

Fig. 9 Measurement results of angular distributions of
reflected light intensities detected by variable-
angular photometer
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HUTERE L, WA I 2 BIROM B2 LA 5
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IN6DT A MY —ZDOME % HE L2A5R, Fig. 111
A& DI, BB FATICEE L 22858 (0°) 12, &
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. arranged to the magnetic fields:

=r_ 5 90° Primer
B: When the test piece is placed

) ) with its paint layer plane arranged
The angle settings of the test pieces parallel to the magnetic fields:

to a magnetic field are changeable. 0° E
Primer

Fig. 10 Apparatus to examine directional relationship
between magnetic lines of force and flakes

A: When the test piece is placed with
its paint layer plane perpendicularly

i

core (iron)

Coil (500 turns x 10 A)

90°
Base material

60°
45°

30° |

0°

il

Test pieces with different
angle settings

Base material

Fig. 11 Light intensity differences among test pieces

when varying angle settings to magnetic field
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Fig. 12 Cross sectional views of painted layers of
test pieces
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W TE2 L5507 7L LT3,

ZZTOHMIZ, KA KT 2 =AW O
REZALIZDOWT, FAME—ZAZLIZED XS I
ENEFMRDZETH S, MO AREAERIT 2 5001
2.2.2. Tl R7z, Fig. 9 T/n& iz, [EEE{REN

N
s NS

B —e-Test piece 1 .
-40 H -=Test piece 2
.50 || *Testpiece 3

\‘x

L value
(relative to value measured at 5 degree)

-#-Test piece 4

60 [ e Test piece 5

-70

0 10 20 30 40 50
Measuring angle (degrees)

Fig. 13 Comparison of five test pieces with different
plasticity levels evaluated by intensity
distributions in the areas inside the triangular
shape

— 115 —



Honda R&D Technical Review

Vol.27 No.2 (October 2015)

Table 1  Coefficients of inclination calculated by linear
approximation for individual test pieces
Inclination of approximation line
Test piece 1 -0.46
Test piece 2 -0.82
Test piece 3 -1.06
Test piece 4 -1.22
Test piece 5 -1.60

Table 2  Plasticity classification defined by coefficients
of inclination calculated by linear
approximation

Plasticity level Inclination of approximation line (/degree)
4 -0.49- 0.00
3 -0.99- -0.50
2 -1.49- -1.00
1 -1.50 or lower

KHEVDERPIZAET TS OEANICEEIA S Z
ENTEL. AGHHICHEONIHED 7y XD
JEERREZFR L2, 2h 6 DEE I X > TREDZE1L
DESGVIRENS. R LZ5HEDT X € — 20D
{ECHROE % fifi % Table 1 12787

Z OB OME Xl % 0.5 FAIZHHL, 4B L
VORBFE LT (Table 2). ZDO4EBPED L v D % KK
LAJLE L, BIEOKENE D BIKRESE N, & L7
S5HHOT A =212 LT 2TV 7 FH 4 FDOH
FUZ & BV REOMER A B 20, BIFEHEL -85 %
4O L v UICH S LADY 2. ZOMER, A7 Th
O H G & 5 RiF & R EIE, ZOREZ r — L
DLNL3LETHD I fimE Dy, Thas HEEef
L.

3. BEZERT 2 MEMEARDEIR
.BEEERT AL — VR UDHE
AR CRE Lz BEVIRIE L XL 3 L) R KT 5728
12, BIRIZED &S B FETT V=2 #ERNAUT R WA
Wl B2 ko7,
T, TV = OMEEBFERESRRIZED LS
%%Té#%%mTéﬁww4®L&®3ﬁfﬁﬁi5
IR IREDIR N = (a) &, 47 EOARED
%wzﬁﬁﬂﬁ%%mNét,%mbtiﬁt(@uzﬁ%
PEBASFIEANZ R Z 201k L, (b)) iE =MD k5 xRl
TE0d B HBIKICHZ S, DD, Wiy B Fig. 14
D2BHOKIDESIZT7 L =2 A TS LS IZKL B
Z DR EONARTEIRIZ RS S Wrifi & RN & 058 2
EE$5. 222 HTRLUIEMEOMH L, 2.2.3. HTH
L7277 L —2OEE EHEOKEH» 6, BEOWEZIR %
HER 2. BEIEFERIZIIH 20 um FEE L EHWEDTH S

728, Fig. 14 @ 3 BtH OKNIRTIIATZIRIZ 7 v — 2 234
EER-> TIEATHWB EHEMTZES. ZThs 7L —213,
TNZTNOBITI I 2 RERIC BT 287 L — 7 DA
2T OME LR CAECEE, WIRBEAICOMAL TS
DEEZOND. ZOXIITAHEEZEZTHML TS T
L= RIS, DF DR LEOMNEIZ K
LHHEDENI X > TIREPRE6NhEEEFEZ6N 5.
Fz, e R, RAMELAEALD & ZNIE-TH
BEANEDDL D, LD EEOVAEYIST WS RS
5. IS, IS ERHMME W=t 7L — 238
VDETHILL 728 D% Fig. 14 K FEHTRT. Zhbic
MU=k 512, VIKEOENE DI, 7LV — 27 Bk
W > TIEATE D, SRR DIF, #5510
IZUH» T V=2 BRI > TIEA T a0 EHEIT %
5. FERB T 52, ZhiFT L= RHaIicE< 2k
MTELRP ST EZEIENS.

TEMERRR RIS B O TE WA A EBT 5 2010
FEREOWHI O & O IR ST 2 7 L — 22, B
> TS24 5 2P TEHER, LU
WHENLETH 5.

Low plasticity High plasticity

[ Triangular pattern sample plate |

o

Cut line

| » Cross section of virtual object I
M M

| * Flake alignment in actual paint layer |

7

b“"\ N

S S~ | ~ i
/ y4
/ * Flake angle by magnetic line force | u

Top.coat

Top.coat

Magnet N Magnet N

_sheet S| __sheet S|

Fig. 14 Relationship of plasticity with flake angle and
light intensities
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32. 7L—VRBEXTLTHRIFEREZDEE
3.2.1. FiED#ET
BIE TR 72 & 512, BIERNDO 7 L — 27 BB O T
FZH > TEI X R4 <45 &5 aBERGEEI L, 7
L — 2 ORI 2 IREE 0, SO R A Ok
Ak Ehs, 7LV —sOAZ{LETS, O£,
TLV—0HERT I AEETE720I121F, ITO=2D
FENEILLNS.
FELHBHREOE WY VAN, 7L — 2 OAH)
B A R< 92 (A A& L NV 7 2 b
Y — Z OAERKIRE & Rk DF) .
T2 WHOBOEAY — F &fiv, 7V —2 &28nd
h%&mL 4 5.
T3 BREOEHNT L =2 AN T L — 2 ORI
THEE 5.
Lz h ZhoFHEIZO0T, FHll & BRUCED 5 BE
12DV 5,
T HEREE OBV YV F %D
VRIS S EOIGAID, BRI RIE AT &
KA. LML, BERD WM WTE 7L — 2 DRl
WA LTS F3cd 226N TLES. 20720, &
MBEMRD LA SO —EBERIZH L, 7V — 2 OFlA
LINVRELRIL &b, M LoOMEE k5. 72, Z
DA, EEORETRICE TR, EEL 2 ORI »
5, N—=2 32— FPHIZHET B0, REFE(Fy 7
I— MBI Z ENBET S, ZTORRICE, by T
I— MIRN=2Z2T— P OBFHEIES R S 5 22012 0Bk
RGN VBIEARET S, 612, B < KA R L
KDDL — by v e (MR &
Sl L, M EOBEE 5 5. Y Y e S IZOWTIRRICEE
MBS,
FE2 WHoOmNEAY — &5
Ay — ME, SEXEHHBTHHEIATHS, i
PHZHEBHME IO N4 Y — ME, [P
TSHNMAZHIZEBwINTD, L LAEREICH
WoNhaAY — M, Frfllaimis S fx, Kl N #io
Bk e T TERAEN TR DEHHTS. Z0%
IR OWA Y — b O % X 512588 5 729121, &
FHEEIRLATRE A ELT, T2 M BKIBIZHH -
TLED. 72, BMHLEAZETLET, ¥ — L OEALAEH
FTHETHWNABRDLZZENTES, L L, i
b BBHE A N —12kWTiE, BN EHT 35480
L. ZDD, V= FOEANPET I LT, BIlFA Y-
HAEOEMIZEETB L X1, BE IR k-TLE
5. 25 L=z b, RS, Ay — FIZDn
T, kP SHHERTVEEE T mmDYy— b &, fili
M 2RBENDH 5. 72, WI1EMRD 5 T & THRAR I
HZBWTTI L= > TLEIZ &I YT erp

Table 3 Applicable options of measures to create
good plasticity

" Measures Issges on Issues on
production process product quality

1 Slow volatilization Excessively Giloss loss
thinner long tact time at central area

5 Strong Unacceptably costly or Gloss loss
magnetic sheet | too thick to fit on parts | at central area

3 High permeability None Gloss loss
flakes at central area

FAEL, SMEEE A S,
T3 BHROEHNT L — 7 &S

ZOFEOFMIE, &L, BEEIME EOBEIZ W
2, Fkl, 2 EFMRICHHBEE L, Yy e r 3 RET S
EVWOHHEND B, BHEOFENT L - EWL L, T
V=2 3R L CORENEL B EEZTRT
%5, ZD®, 7V —=27ETLHNL 5D &AW, HEEIR
REL 25 R0, FUATERRIBHP IR IS W\ TS, BIEE
MZ2 > T T V=29 h, 6127 L — 2 M lgHiReE
ERBIETEREEZEIKL, VY e r RN RET 5. ik,
2008 FEDREERFIZ S T DT L EMET L 72A, BifZ& ik
BENBERBE ANV T 35002 RN TZ A TETHRAZ
Rk - 7z

Table 3IZZThZThOTHEONEELHELE LI LH/ZED
TH5. SRIOMFIZENTE, TFHELIR 20 LS ICRME
TARERIT A MCMELR B 2 FEIERBIEFEISH L 2 >
o, ZOOWMHTE 2D FIL3OEBEHETIL -2 0D
L A5, ZOFEEEHAL, BETHLY YT 2
b9 2 kAL, HEEZER T2 Z L2 HIEL .

322 BEWMET L — IHMHEOEE

WRHIEEH$2 2D TE28E 7L —2121F, T3
= LMK, =y VPR, SRR, 2008 SO REPEIC
HALZTIV—2THBEAT VL AMRNSS. ZhEn
N3 3RS % R & X %2 ME L 72 (Appendix 3 &
M), Z DR % Fig. 15187, BRITELRMEIA—F
B, 2w, AT VLV ADIEFE KD, TILI =T L
MRHZIERE ORI 5 5.

EHIC, BEORECHHE A E5 158, 7V—2 0D
FIZH 2 S MEAISENWZ EREE LW, 22T, 7L —
2 DEHFONE %36 Z 7% - 7=, GFHOWEIL, [FEEHEE
H2 (CIE) TE®D BN TS L*a*b* £@RIZE->THZ
%572 Fig. 16 1T T & 512, LY i3 kxnige
1% <, a*, b* DHMAHMEA/ NS WIZEREGIZE D, OF
D, BEIZH-> T L EAEL, a*, b* OHHE A/ X
WZ EAR®D 6N 5. WIEARE Fig. 15 187, @HHICH
FTHEMMET T I = A8, $RME, 27 L2k
B, = r AMRIONEE 75 5 72, Zh &5ERER & @I o Hl
ERERE D, MAIIBRMBO T L —2 28NS 52 &1
L 7.
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323. YUYk EZhEfHIET B /-0DEAZS

FRDE B0, O 7 LV — 2 W 0NE, BRI 7
L= DI > THACAEERE A2 LN TEN
WEBTZS, UL, ZOHEEEHT S L, BIRKZE
i E LT, Bikkhiizy vy e r AL LCLES. v
Yer i, BRI OISR Rbh, #FH L < LRBK
TT2HLTH 5.

Fig. 17 ICBRIZY Y e r BIR 2 £ L - Wi{% 2 R
TR R TS L 2206 % b T, WalsihE DR & SO
LR TH D, @) IEYYer iz LT3 ®ER, b)) i
YYETELTORWERERTH 5. (a)iF (b) IR LAk

Magnetic Color tones
Flakes type permeability L N b*
values (u) a
Aluminum
(general metallic) 1.000 81.80 | -0.40 1.00
Nickel 1.780 69.14 0.53 4.44
Stainless steel
(conventional flakes) 1.213 50.37 0.16 2.22
Ferrous-material 2.263 53.12 | -0.08 | -0.50

m Sample preparation:

The flakes are ultrasonically cleaned in acetone bath. After that,
they are dried and bottled in a container 6 mm. In diameter and
2.5 mm in height. The measurement is conducted to the
container.

m Magnetic permeability measurement
(1) Instrument:
(1) Vibrating Sample Magnetometer
(2) BHV-50
(3) Riken Denshi Co., Ltd.

(2) Measurement condition:
Applied magnetic field: 10000 oersteds

m Color measurement

(1) Instrument:
(1) Name (generic): Spectrophotometer
(2) Model: CM - 700 d
(3) Make: KONIKA MINOLTA

(2) Measurement condition
(1) Light source: D65 10
(2) Detection mode: SCI

The color tones are measured using the base coat layer of paint
resin with only flakes but without color pigments.

Fig. 15 Flakes with magnetic permeability and their
color tones

Hue L* Lightness

Color sphere

Fig. 16 L* a* b* color sphere

ORI TH 2. ZOEIICyverbnsBRIT, &
HROFRPFE LK T L TWBERTH D, sEing L
FETETMET 2 FRAZ A LEND S.

Bfh iz o k5 kY v e r »R4E4 58 H & L
TR, REBRICHO A A Y — MR 2w A N i,
KA SHTH 5. Fig. 18 D &5 IZWH#idy — M
SfRD 5 EHIRIZHE ST WS, ¥ — b eI 6
MY — MIFLTREFAIZEES N TS 720, [T
T U= BRI - TEI< &, WBEHEICEEIE WD
g LkD. Fig. 18 #fE L=V I 2L —Y 3 Y FikiE
Appendix 4 12737,

ZDR, TV—=00BH, EHIINEDT L=
HWZL 5D /- GESH AR L, BB IZZ5EIRIC
RO Z L2k, BERKHOFWEMELLDN, YTk
FRECBZ 25 % (Fig. 19). L7235 T, Kbk
IZDWTE, 7V — 7 ORAEMENFEEIIEE 55 Z
EERGIEL, BT L -2 ITROD SN B, 50k

(a) (b)

Magnified view

(a) (b)

o A

Without
gloss loss

With Without With
gloss loss gloss loss gloss loss

Fig. 17 Appearance of “gloss loss”

Magnetic field

. (103 T)
e v 7.0
497 2N 63|
P, 56
LT 4.9
B e
3.5
2.8
2.1
1.4
0.7
0.0

7~

S ™ ’

Cross section

A SR’ N SN

Fig. 18 Directions and strengths of magnetic fields
from magnetic sheet
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HXDOHPHNIZE ELZ5F 2 EANETH 5.

324 BHEEERT 3 71-DDFEOI&E

TV =21, VY er ekt s 2 N TE S AR
HENHIRENEZ2XRETHD, — 5T, Bk k&5
372D+ ICE BB D B, ZOHRFHOIERE B Z &
I 72912, 2.2.3. TR L 72— 2 Fln L f & 228
ATCERLZZBEY Y FILOLHABLZEL, VYT Of
e A ffERS U 72

Fig. 20 ® LB, ZhEZhOMEDORREY v T %,
Fig. 17 LEMD HETHRE L -EEHTH 5. ZOHE)
5, BB L 90° TR L 2% v T LiZiFFEL WY Y e
7#%$wa5 ENFERTE S, X5I1260° DV T

LIZE LTIy Y I AR TE S, 45° D8 T
Kdv?h#iiot<%6hﬁh.Ltﬁof,7v~
2 DIEE % 45° PPN 5 Z L BT IS, BIEE
57V —2BIROHES, Y Y e r &I TE 5 Z &2
RTE /.

WA, BEFTHRIZI - CTREAMS % 7 L — & ORI E % ik
BEMIZ AT L, 45° DIl & B % T+ REF4 5. 20
Eo9h 7V —RIAEREE X ¥ BRSBTS
WHBIZH2D, VYT BRET BEBHOIIDM X2
WHHLUZ. Fig. 21 O FTEtD 7 5 713 o & #HlE L
TAERTH B, EBORO & ITHEHRIRIZ R S h Ty

Magnified view

& Magnet sheet 3

The flakes in the center of sheet
move along magnetic lines of force

Fig. 19 Flake directions in area with gloss loss

90 degrees 60 degrees 45 degrees
15-20ym | | Top coat / / 150
Base coat with-flakes.
15-20 ym = g = AN
5-10 um ] JRTmME
T =l
25 ) . =
mm Base material (plastic)
1.0 mm —}= Magnet sheet =}

Fig. 20 Maximum flake angle to avoid gloss loss

BDHITRONEZ L DI OB S # & T 572012, v
Iy b= DAPS NI > THIEEZBZ k572,
7' TR L 721050 X103, BRI & ik U Ciikk
RN Z L ERL TS, ZDT Eh 5, Ekhi
DTV —2H, TR > TEH <12, WB LD
S 0B EEZOND. VY e dERO gL
DEDBAOHIIETREST S, L L, hRifidmln
FI728, ZOESD T L — 2 BEEFIZHY 5 T 90° IZUEW
1 T ITIEBEE A 2 B e E XN B, ’RAIZZ D
HRERAFHLT, 7L —2 08 =4 K422 212

L7.

Fig. 22 12lliEDFA v b & T L — 2 ORMKEBNEMIE %
AN BRI D 7L — s O E S s B
M E LT, A, B, CO3fFZHMILEZ Zhso
Fia LT IZR§. Fig. 22 06 EOBHEIIRT X 51
A RO YRS, CldhIE, BiX A & CHESTH
3. 47 FOWmE XX O & 5 SIS BEHRIC e 5
NTWB. ZD7=D, BIOAE R, BEREIE 5 h
PRSP IS L 72 > TREBIZKEL BT 5. Th

Direction of the magnetic lines of force
\ /
L NN 7N

DHLYNZ P F e

N A =
Base material (plastic)
Intensity of the magnetic lines of force Measurement line

(%]

R

@ 20

[0}

': — 1.5 é é 0 0

325 1.0 g

_g Z 0.5 /}%,/ \

P I Y

é” -1.0 0 10 20 3.0 40 Magnet sheet
Measurement point locations (cm)

Fig. 21 Intensity of magnetic lines of force

Area [A) [B) [C)

The typical areas where .
flakes distribute Edge | Middle | Center
S

Image of flakes angle |e=r= [RIID
Final angle 0-5° 45°

Rate of changes
compared
to the final angle

4\
End point
of painting process

Magnet sheet |

Fig. 22 Measurement points and final angles of flakes
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IZ&D, BEIZT V=2 BMEIRIH - 25A1E, AT
& 0° —5°, Bt 45°, CEiA390° DfEHZIZAS. 2Dk
NI, BIEALD 7 L — 7 BRI - 72 IRED A
Bk, TNThOMMORMKIEAZELIFRILETS
(Fig. 22 ND%).

VX ARET SO, BB RETH B CETH
5. CHOTIV—=o Rt &y yYer B ET 57
W, B AEICHIRABETH B Z L FRBL 7= — 5T
TS, FRCURRICHEEDOREVWBEHO 7 L — 713,
BOVAREES S 2010, BAICHEIBRICH S £ TH<
ZEMRDOENS. 324 HTHGEEL 2& B0, Lo
JNIE L D 2 55<, 7L — 2 BEI DI A B 7=
W, U CED 7 L — 2 @< BRI A HIR L 2236, i
HARHHEEB DT L — 2 % 32 8h 47200 Fks
BT 5.

W OFSARKM L 7 L — 2 MEORR%E Fig. 22 D)
TOZ 5 7R, 79 7 ORISR A RRIZEE L2
OB, HEfE 7 L — 2 ORAEELGEMIEITEL TS H|
BERLTCNS, LMo T, WARENEMEIZ 100% 3% L
TWb 20D, ThZh A, B, CIBORALENEAEIC
(il Z1F B #Id 45°), T OO T v — 2 BEHHRH 2 &
EREIEKT 5.

Fig. 22 D "7 7 OHYLER S O MERRI T RGP R R D T
FEOMTHETH 5. ZOMET, SWEIcd 25 AL,
IEIFRAKBBEMIE (0°—5°) 128> T 52, B, C i
IRACEDEAEISE L COAWIRETHRE TR T L Tn
5. Tabb, MEREMEVIREEAR L T 5. RIS
53 5 EED B i & RS SE ML (45°) 1255 k512
B A B < L723Ga, [AEEC C 8 A BE AR (90°) 12
FELTLEWY, YYerMELBZ&I2k3. 2ZDY 57
OBEBHECAIE, 2008 FFOEEMOMED T L FWIRL S
TEMNURETH D, FEEIZ, VYT OO A B
T U72fER, BOMKRBIZEBTE L5772 BHWOILAK
JBELGD 72D, BETEETREICBEO7 L -2 %
IRREBIEAREICHIA L, 2D, HIREEO C T RisE A
JEIZRES BT (45° L) IS 3 BERH 5. D% D,
Fig. 23D () D77 712 LT, DT Z370DX5I1C7

100%

Table 4 Purposes and measures of viscosity

adjustment
Required ) .
effects V'§COS'ty Method
requirements
on flake
s . Increasing
Move fast The initial viscosity the dilution ratio
should be low. .
of the paint
The viscosity should .
Stop quickly reach to the level . Adding the
. k high-molecular-
immediately where the flakes stop . .
. weight resin
moving.

The rate of changes compared
to the final angle

* High-molecular-weight resin (RC resin):
Material used for rheology control that stops movements of
flakes in paints

V=2 R EhTRBERD B, ZDZDIT, T — o &L
L, B3BBG EMEIT5 2 L & L.
HWLHEH»TZEIZONWTE, MdDEEMETL — 2
EHWMY 5 Z ENRIBTED D THEH, 7L —2DH)
ZIBBEORIEIC K 2 ERRKE V. 2D, el
<EI»L, B-<1b® 2720 DTk LU TEE O RS il i
EREIT B LIS 7L — s OB X, BIFEORMEC
FoTHlENns. §4bb, 7LV -2 T 5D, &
JEDREE B —ERE LT OHAICRo NS, XR—23— 1}
DYz b (wet) IREEIZHBMD T L — 20, #1112k
TEISRFEBEL, WO E TN CRA»TE 5, T
EHRVOEHE L 5BBENRE 2 W72, ZoM%,
[Border-X Hiff | & L7z, W, 2 7L —F vitko
THRE DU SN BEA, BRI REMNZ B L 7B
1%, Border-X K K DKWY E & 22 K IZEREL, D
%, 9 <UZ Border-X fiJEIZ#ET 5, /213, A5 KO
WS AL 2RI T TR WEF L 72, 2 O30 s Rh)E
ERAAEFEHT 572912, WA AE5 710 T LOGEST
=16l (Rheology Control resin:RC &) 2\ 7z. RC
BHEA 2 ) 2 354, WIS & DK E D O ERRGE 7
DEDN LT 2720, BEHOFEEEHERTE 20,
ZZTEROY v HIZE B35 REE LiF7z. 2O &,
WMEDFROEBRIEEZ T F2Z L&A, HRINIZT
V=2 &L g iR e £7: 57 (Table 4).

[AJ

The painting process finishes

(a) Low plasticity (2008)

The painting process finishes Time

(b) High plasticity (target)

Fig. 23 Flake movements of fast move and immediate stop
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Fig. 24 O 7 7 3B OREZE % &7 =8 (RC
BHIEHD) ORMAETHE L8 D Th 5. B3 Fm e
M, MERhIRGE 2 A 7 =L TERRLTWS. ST &
BIIEOWMMmL (77 7#H80), T7abb 2008 FDRPER
BOMESFIZX LT, 79 7HRBIESHORBEERN TH
D, @A TEBIEOFEMCE D 7 v =228 &< & 5K
J$TdH 5 Border-X OBIEHKIEIZ N5 Z & AHERT
X3, X5, HMEE LT 212k 0 y)HIREE ¢ S
FIRERDIES MEL o7z, ThEDMERIE, 7L —
L B A, WERICT L — o MRS B % TR
B E->TWBZENbhrb. ZHIZED, hownwe Lk
REZACRE AR OB A 2 XG55 2 &N TE L. &
¥, KEEHIE DD\ TIE Appendix 5 1278,

T2 ld, ZOBBBIIERLA &2 X — 212, "o TEsilEs
KOV VY FORAAELEFE X BB THREELB Z 50,
SHEL, EIEERE S K OMEEM AR TS Z LI L. 2L
T, ZOME» b BEIMRERET S L L L.

1000000
0
@
o
£
=
‘0
(o]
[$]
0
>
~0®+ /M 7000
G [ -
7 iBorder-X |
2400
/1 ﬂfﬁﬂﬂﬁ
1000 E1200] |\ 7

0 1 2 3 4 5 6 7
Elapsed time after application of paint (minutes)

* Border X: The viscosity at which flake movements stop

Fig. 24  Viscosity increases of paint with and without
RC resin

4. fER

4.1, ZREREEN

TL—2ERLIED S Z L IZH 5T 580 T REEEIZD
WC, ML E U CiRINE 0 Bk 3 4 MO SR & fER
L7z, @ rEBiEORAEIA R, 20, 30, 40, 50% & L
7o, FRMIEE LTE TREIEZRML T2tk

1’?5‘2 L7z, ZOMRMOLARIE 2008 48 5E M ON E D 1)

DV, 22 L, REHIIC B TR OB HRE & S
B0, e Fkk, BEWETL -2 &l L. Zh
Bwiﬂ%ﬁwf,%*%ﬁf%6gﬁ%®mE%%ﬁK
Bl LB L7z, 2 D%, SEAREIEVERE & S BRI, 1F3
P& B Ui 2 e L2, 22T 5 E¥EMEE 1R
W LROP CRELRRER SO N1 E S ERT. ¥
YV OFRHEEIE, BREAMELTHENFLATYO®
T - 2AOBRERENE #HZRLRE L. £z, HR%
DOARFEFREEE R (NV%) I2DOWT &, T b el tthko
A2 IE L7z, FlAE, H#EE2 EF5E NVRIET
NBHZ ks, moyTEBE (RCEEAD 0% & High,
20% i% Middle, ZHPIAHZDWTIE, Low & HUE L 7.

4.2 {ERFFEM

T A MERE Fig. 25107 F. BEIIMREMERKO0 25 4
IZRT 22N EhONEERL T 5%, ST EBIEOWR
Wi & ST RIS B 3B B 0, & T RASHIE O W&

NENVEDIEFUMENEH RIFTH 5. 2.3.2. HOFHEIC
B EDWTVMIEL L ZHfEGE U 7245, &y F=EE %
WML T BREMER L 206 4 13T _RTUKREI L e
Kofe, VY e 3T RTOBEMEMRIZI T, BRkEE S
BRI DI IZ B NTEFE L Lo 7.

F7z, BIRE UTRYD 5N 25L& DO 2 kae
IZDWTHERR L 72853, T X TOMGHMERRIZ W T, B
PERE A i 72 LD L WHERB( G 6Nz bk, ThEih

DFEMERER 71T Appendix 6 (28T,

RIS, BEEEEII OV, SareEslERZVnIZ
EEL A HERKE TN TUHEEEE A5 5 Z &N
UL %o 7z JAIIMGHTRR 2 OFE 27 5 sE O ik
30% F THEFAHP & VIl L 72 (Fig. 25 0%, & FE&). Z
NODORERED, WEMEFROYEIZ DN T, FHE L F255
DRPEFRR T A v TOFEHITED &, RACWICHINTT 2
Z&k L7

4.3. BEMHORE

S K OBBIEEEEFZR L 2 LT, BRELKEZ R
ETBHWDT a2 & Faiomd. 3.2.4. TN X
I, EBOTEBEZRNT 2 L RELARENT 5720, ¥
RO AR 7012, ¥ v FORREL FF Tk
KE AR TA3RELRHS. ¥V FORHPESVIEL &
3 &, ARSI 4 2 AR EE O #EE (NV %)
MET L, —BEOKE DT TR, HEEE 2 b
(15-17 um) # EBITE A< £ 5.

F 72, HETESFET T, 1ROKEDFEFISNT
3, WO EIZE ER2Z S 5. @R EETEICET S
WOHERQDE2-3MUMNICEREI NS, LoT, BEL
& biE, ZomBLAINTHE L FREIRE &2 BR$ 5 2 &2
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kovohs.

S, AFETIHE L THELZXR N F L THDO T4 VI
B 5 THEEGTE, BERABDORETINTHD, 20
BT, BEEPIZOMRL T & 2 mHE (B SR NV
15 —20%) ORENBETH - 7=, & TREE, 2
DOREAEERTIZEEVRIREBAOF LGN KE W, LiL,
Lol BETREOFN 2 6 £ 2 v v s b
ORIRAZMZE L, BERBER S EIZHA S & 5 1085 1 =i
WE DRI E % #E L 7z,

ZOESITULT, mEMICEEIENZBETIE, X—2
RSS2 HeT 20 - 25% DEIS TE TR 2 7R

M35 Z & & L7 Fig. 25 2B\ TG REHE 1% L 7-
AR 1 2 BRI e L O L 72,

FRUSR U 2 &R E &2 KL DD, SIlfA%E & iz
BRAERGWT, XM FATHO T4 VTR 5 g% 4 H
Jiti U7z 455, RGBSR R[ SN, &7z, MEEMEIC S E
DWW EMER SNz, ZOREREEO TRIZT, &I
B U 72 LARIEHIE O SHEIZIR & U CEE L 72 =M O
Ay = b EAWTZ OREA N L, KimE o fEEts
ALz 2 A, HIZEL L TEDEVHRETH B L N3
AR L THSZ LR N7z, BIRL 28kHE, N
F ACHREMMA XN T 5 (Fig. 26).

Specification No. 0 1 2 3 4
Addition of RC resin None Applied Applied Applied Applied
Contained ratio of RC resin* 0.0% 20.0% 32.0% 40.0% 50.0%
Paint Contained flake ratio (PHR)*! 15 PHR 15 PHR 15 PHR 15 PHR 15 PHR
specifications Non-volatizing material ratio after HIGH MIDDLE LOW LOW LOW
diluted by thinner (NV%)*2
Plasticity level (Inclination of approximation line) 2(-1.22) | 3(-0.73) | 3(-0.71) | 4(-0.38) | 4 (-0.28)
Results The area of design pattern 95 95 96 94 94
Appearance Initial gloss value*?
The area without pattern 95 97 98 97 96
Initial adhesion performance** Good Good Good Good Good
Water resistance** Good Good Good Good Good
Results Non-discoloring*® Good Good Good Good Good
Performance Durability against Gloss*” Good Good Good Good Good
accelerated weather
stress*s Adhesion performance* Good Good Good Good Good
Disorders of paint layers*® None None None None None
Results . . B .
Paintability Thickness of paint layers Good Good Fair Poor Very poor

*1 Ratio to the base resin

*2 The thinner is added until the viscosity reaches 13 second at 26 degrees in Celsius using Iwata-cup.

*3 Measurement is carried out using gloss meter and the detecting angle is set at 60 degrees.
(Equipment: Gloss meter, Micro tri gloss, BYK Additives & Instruments)

*4 “Good” denotes that none of the tiles are peeled off.

*5 Results are evaluated for the areas both with and without design patterns and the evaluation results shown in the table are the

total performances.

*6 Color difference 4E is measured using Spectrophotometer.
“Good” denotes AE =2 or less.
(Equipment: Spectrophotometer, CR-300, MINOLTA)

*7 “Good” denotes satisfying the requirement,
“Fair’ denotes barely satisfying the requirement and
“Poor” denotes unsatisfying the requirement.

*8 Disorders include checkings, cracks and blister. Those are visually observed.

*9 Whether or not the total thickness of sprayed base coat paint reaches the required thickness for hiding the primer layer under the

paint process in actual manufacturing.

Fig. 25 Test results
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Fig. 26  Final product with plastic coverings painted
by magnetically formed decorative painting
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ZERMIZEBE X E 5200, BENDO 7L —2 O
FIRRE A & 22 L 7=,

BN 280k, BETFEORRBICEOTE, UFIORT

FLEOANE & HERE L 7=,

1. %k

(1) 7V =202, BVEHR OB :2.2), HEWHE
(L* il 50 LI L), BEREIEWEERIPE 2 FIv 5.
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T, WRHEE RO 2R oI s B &
H, 7L — 2 OB & ZFOFOEEEBINC D 2 RS R
YA FowB 45,

2. BWIFH

(1) FEBRLU2REZ (7L — 2 23 #h L, 7Lk
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HAbE TR FEBIEORNE (20-25% f2% £ T) %
PE L 7z,

(2) YV FOFMELEFEST S5 Z LT, NV% % 15-20% 2
FEIZERGE L 72,
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ZOHMORFIZ KD, X0 EKIIH Z& Fl S T 5 A
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5oz,
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AKHFIZEBNT, ZRKESEZWI1%E W27/ Thai
Kansai Paint Co., Ltd. /NFREHLER BIPE~X A ¥ P RSt
AR &G 5 s K 0 L L B E T

SE XMk

(1) REr&, 28 2857276 5 (1999)

(2) Frirfs, 5 2868948 4 (1999)

(3) http://www.konicaminolta.jp/instruments/knowledge/
color/part1/07.html
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BWIMA 6 ONOME i $ 254102, YW L 2P
WD ST RMATO—DiF, —EDINBH % WG L 72 IREIC
B3, BEmA, S BT ERE SR ITx LTl &
N2 (luminous intensity) Th b EEZ 5N 5.

Z 2T, FEFmZ WL, AHEICHO S 28T
R DWW D213 STHALRDHAL 2R LT Zeu,
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FHITEHMIZ AL T 3581, dHlM 2 A3 %kb
N, £z, 29 L2HA A2 ST HALROHALICHRE S 5
20IiE, £ O, BMAMIEA B ETH 5. FEED
Wiz s nWTid, ZOMIEDEEITIREREETH D, »D,
Bizzn s #FE L THIEE %S/ & LT, AR TR
&9 L LTV BEFRMAZEIZT LT, il & I 7 flifil
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KFRIZENTIE, BZabhzilloEe AL, L
REOEARWEMBA Z L 2HMIZH BN TS, L
25T, KOEDOHIHEZ Db DL, BETHREEE >
Twan, HIEDRS WL, L T, KOREDELD
B2 (ER)Thy, thi, WEoBLmele Ak % 4k
MHEHIIL TW 3.
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D &1, FHUES RO HAL TH 5 T 254121,
[eafg | & DAKLL, EIEAREDO A T/R L, FEAEH
RANDIEINI B 285> T0AEWY, ZOXSIZ, fho#k
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Appendix 2

FZ2 NE—ZDERSE
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(b) WS As, &7 140°C 2> 5 180°C DYEH % b
LMD Y v F
(c) WhrkiAs, 180°C %#ilkz BIEAITIER I MY VT
(2) (1) TR L 7= 3SFED > v F & VT, HFE » R
LEAH5BRMEOY v FEHMET 5.
(3) (2) CIER L =25 MEDOHABEAY v F %, BRFE
A, WL & S BEOEIS THAT 5.
(4) ZO XS IMER Lz 5 HHEO%RK %2, 2h2h, 15m
SO Y — b 2D T 72 ABS Billetic i
5.

Appendix 3
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EE, 7L — 22O FAENCE S K3 2@z edn, &
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Appendix 4

Yalb—=Ya>DOhE

o s & Mm%, @i 7 b (ELF MAGIC ver.
3.40, EIf Co., Ltd.) ZHHWTY I 2L — b L7 I H
720, Ay — F OROBAIEE (228.0 mT) 5 KO, %
Ay —FOBIRENEEFMFELTHIZA TS, ¥ 3

Table 5 Comparison of measurement value and
simulation result

AA’ Actual Simulation MeaSL_th_ement value
(mm) measurement (10°T) _ d|V|Qed by
(103T) simulation result
0.0 1.55 1.66 93.37%
25 3.89 3.99 97.49%
5.0 5.09 4.84 105.17%
7.5 5.25 4.91 106.92%
10.0 5.16 4.83 106.83%
12.5 5.13 4.81 106.65%
15.0 5.22 4.88 106.97%
17.5 5.41 5.03 107.55%
20.0 5.65 5.20 108.65%
22.5 5.67 5.17 109.67%
25.0 4.92 4.41 111.56%
27.5 2.65 2.34 113.25%
30.0 0.00 -0.01 0.00%

Simulation software : ELF MAGIC ver.3.40, ELF Co., Ltd.
Measurement equipment: Magnetic flux density meter
(Tesla Meter, TM-601, KANETEC Co., Ltd.)
- Measurement points and conditions
(1) The positions located on the A-A’ line at Fig. 21 and the
height is 5.0 millimeters.
(2) The magnetic flux densities in vertical direction were
measured.
(3) On the side of North Pole of the magnet sheet polarity.

L= 3 VORRE, FENED & % Table 512, 7z,
ZINET T TIZL728 D% Fig. 27 1287 ;?LB@,%E.%
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Fig. 27 Comparison of measurement value and
simulation result
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