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Abstract

This thesis discusses on analysis and countermeasure results of past drive system failures of
the construction machinery caused by lubricants, which the author has worked for a long
period of times. Using the systems engineering approach, it becomes possible to investigate
the cause of these failures and countermeasures. Specifically, the purpose is to use systems
engineering to understand the basic architecture of the drive system consisting of an engine
and a hydraulic system, to clarify the failure mechanism, and to systemize failure analysis
and countermeasures.

Lubricants, fuels and coolants (hereinafter called lubricants) greatly affect durability of
construction machineries. Low quality lubricants are occasionally used and cause machinery
failures in the field. Furthermore, the users and the government offices concerned recently
request environmental protection. Since the environmentally friendly lubricants show
generally low qualities by the additive restrictions from the environmental awareness, those
lubricants can cause the machinery failures. Therefore, the users appreciate durable
machineries, which can enable to use the low-quality lubricants.

In the research and development on lubricants, failure analysis and countermeasures
account for a large percentage. The lubricants engineer should perform comprehensive
analysis and verification, which are not efficient. Unresolved failures and those mechanisms
may remain in some cases. From this situation, it is effective to understand an entire driving
system streaming lubricants, to analyze the failure mechanism and to implement the
countermeasure by a systems engineering approach.

This thesis consists of 6 chapters. Chapter 1 describes background of this study as follows;
the history and the future trend of construction machinery and lubricants, the requirements
for the lubricants’ quality from the social impact, stakeholders and operational conditions.
Also, volume and types of lubricants for the construction machinery and lubricants engineer’s
interests for the researches and developments are described. Then the problem setting and the
purpose of this thesis is described. Further, this chapter describes lubricants qualities to be
fulfilled for the construction machineries and the structure of this thesis.

Chapter 2 introduces the lubricants activities in the internal structure of the engine and in
the hydraulic system, then describes the subjected important component and parts for this
research. The quality problems of lubricants from the additive composition are described.

Further, the failures caused by lubricants are classified by combinations of hazards and
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hazardous contexts. Then the failures and the countermeasures taken up in this thesis are
itemized.

Chapter 3 describes engine failures that occurred in the utilization and development stages
and their countermeasures. The failure of the utilization stage is the analysis of engine
seizures with low quality US engine oils and the leak failure of the coolant seal for the head
gasket. For engine seizure, the basic mechanism of engine oil and piston ring are described
using Systems Modeling Language (SysML) to clarify the failure mechanism. For analysis of
coolant seal leakage, the cause could be analyzed using the Decomposition Analysis
Resolution (DAR) Process from the failure view of the architecture. Similarly, the leak failure
of the crankshaft seals in the development stage could also be clarified and be taken the
countermeasure using DAR and SysML description.

Chapter 4 describes the failure analysis and the improvement of hydraulic system against
biodegradable hydraulic oil regulations in the utilization stage. Although the most hydraulic
components were improved by the previous countermeasures, a hydraulic malfunction
remained unsolved. This chapter proposes a new systematic approach to solve the malfunction
using the SysML descriptions. The SysML can fully describe the action mechanism of
hydraulic system. Based on the mechanism, the hydraulic malfunction mechanism can be
clarified and defences against the malfunction can be derived. Using the Safety Modeling
Language (SafeML); extended profile of SysML, the malfunction context and the defences
can be described and the most effective defence can be selected.

Chapter 5 describes previous failure measures for construction machinery manufacturers,
and discusses a new maintenance contract using genuine lubricants as a major countermeasure.
Furthermore, discussing the results of failure analysis and countermeasures by means of
systems engineering approach. These methods based on the system engineering for failure
measures are discussed on the possible usage for a general machineries and complex systems.

Chapter 6 presents conclusions of the whole thesis.
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D% DIV DOFRDTEIZ /2> TND, B ORI HIZIE, RENTZ A KA R b A F
WTREED B 2[RI CHRAT 2R T 228 T, BRSO B2 ERNAFIZIE
DT2[8], FAY TIXHkRe 1Y = MR B O & LT 3,500 FEFALL EO G AT L
HABIFEL TRY[10]. ZOEMITITED L MEEENNI SIS SN TVD, 8% b7,
A2V 7 THRPIOMERT 2~V PFFAS TR IS KT 5280757, Bt B AR
BURF I I RR IR AN E] S BEBRIZ AR LD & U TR PE S D B RRIC 1% AT R, BIETT
I3 SR 50 A2 AN DGRBS A — I ANE NI 12 #d 2D ER > TND[12],

ITHEO R O R R O 752 (Demand for 7 Major Products) 14, [X] 1-3 {2783 8912 2000
HELURE R E E R 7Y 7 O BA%E 7 — 4 (Era for resource-rich and emerging countries) {ZJ0 14
AL THY 1990 D 2 (5D BRI ND IR >TND,, RO D 2017 4
DAEFERAITAY 600 EKR/VICEEL TIEIZ 2L TRY[14], 4 %L BT ZEO B HIA KR
[T e,

Sk, RMETIEI ATV —EEE) O < H By HL N5 & P RIS [15][16]. KETiX
KEINT 7 D37 ) —BRENEE TG AN T ESIVTWA[LT7][18], 237 U —BREhH ¢l
I AR ER T2 R MEEA— T T B A Z T 5L B 2 0ND5, BRI CITAan R
(BAMIEERO R R TEERR ) 23K 80%IZHEL ., 1 B M7=V RN 1T 3 2 IE¥E
T 20 B2 %, BEERHEIRIC YT AA A T —ZER LT 4~5 BRI L) SEliE X7
W b BT 5 R Z I RRE DS D[19], £, I RS HE D OB T A
BRI ORXE L, ZNSOFHNG T ) —BRE O BRSO K LI L 2w

2000s (2002 and onward):
Units Era for resource-rich and emerging countries
350,000 D

—

\._.
~.| September 2008: “Lehman Shock"
 FY2009 - 2012 : Sudden expansion and drop
of Chinese demand
March 2011 : The Great East Japan
Earthquake and tsunami
FY2012 - 2013 : Demand declined for
mining equipment

Demand for 7 Major Products

2000 1990s: Maturing market in
U.S.A., Japan and Europe

jo—]
| E—
LIy

250,000 - 1980s: Era for U.S.A.,

Japan and Europe
- »

200.000 1970s: Era for U.S.A.

]

PR i
Demand in 1970 through 1981 shows combined
150,000 -\ demand in Japan and the United States only.

Strategic Markets
®m China
= Others
( Asla, Oceania, CIS, Middle East.)
Africa and Latin America
Traditional Markets
m Europe
m North America

m Japan

X 1-3 RO TFE 7 BRI OFREHERE  SCHR[13]L0is#E
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XEEH T T8 8 O A /NS R ES NS, NIREEBIIZ LA BK
BIAH%LEFREEZDND, SO, MET /F 2 —H O —BEIIBR T /F 2T —H
IZHERT10 520 ER201b 55720 WIET 7 F ax—2 (FRCIES VX)) 24 CEEAICE
BT HILIRETHD, ZOI AR CIRE B IEO EEMIIA %S @A,
A= ORI LD AR T IR A— 1135 2 D L ED DD,

1.3 BREROHLEADEZE

[E] N O A DO 1A 5 % (Number of Vehicles Owned) 1% X 1-4 (2733 IR HH D)
11%IZiE 723 (kiR 5% (CO,) Pk & (Emitted CO, Volume) Tl A2 O H £ (T
KL T 5.1%IC6H725, ZAUTTU VU OARPFRPHOP L H O F1 TR, FEERRFHS R
WD THD, B E R IR E AL 5.2 52 L3005, ZOT2, HKEROD /SR -
NTv 7 O R BRE FEEI RO T, EN T RIS EERTC 2014 FELOVEZRERD CO,
HI O 7280 DR FAETRIE DA E - CTNVD[3], BRINTIISEREI A R R e 3o 34T 1 —F
Vv (BEIAEE AT V=27 L FAME EBFRT2) 5 CO BRI DT=91Z 1990 B I T
WD[26], B ASAA T 4 —EB V& 5%IRA LICREL(BS) 2 I TERY, 2y
CO, BT 2~3%MBISND[11], AARTIIFERMOME LALLM FT 4 —E LD
SRS JIS HKS[29]1872 5 TD, Atk BRINIFANAF T 4 — BN OIRA E% 10% ETHCT

Construction Farm Construction

Machineries  Tractors ineti
1.1% 0.6% B s

Farm Tractors
4.8%

Passenger

Emitted CO2
Volume
192.7 billion ton

Number of
ehicles Owend
82.69 millions

Pasenger Cars
74.3%

a) RO B ER b) RO CO2 PEH bR
(2012-2016 4£) (2005-2016 4£)

X 1-4 EWNOEHEEOEA BT DR O B 5L — B bR E(CO)PEH &
(2012-2016 AED CER[21]-[27\C FESEVER)



FHHE T 5H[30],

R OPEH T AP O L 23 (LT NO) OFFHEICBIL T, 2000 4FEf R CEN A
HEAPEHTD NOH D 33.8%% Hd LRSI [11], D7D AR Ok H AT A
A3, 2014 FELAREIZ KRB TARA T 7 RSO T ABHIAN F RS U TOD[11], 2558
FTOPEH A A HNKHEL T, =Pl O B IFHEH T AR OF EF 5y (NOy, /37 4 F =
L — M) BR B ZE B IR A RIF SIS, BIMAIOHIBRAINZ HD ZOIZ732->Tnd,

L 1% DR OB FYEO E B LIS 2 TR EOS Rb L E L ->TRY, FEHOL
T FE R 0O PRI AV A B < 2 & TRAEARIA (X D HT 7= 7 A EBh I D BRFE 21T > T B[31][32],

1.4 EEBEEWMOFEERSE
R O R EF ERBIMRE OBREK 1-5 1R d, B 1-5 IZERNTORIZRL TN
SO IR BAMRE 22 5T . FEARRIIZ B2B (RIS ]) ThD, RO bR
W RFESEIL L > # L 2 (Rental Company) TH Y HRHJIZZ D FHFEIT 55-60% 85 13
[33][34] . H/NRIKEFE 28 = TH D, £ =2 (General Contractor) (F 7% £ A ¥EH
(Construction and Engineering) {24 ff LHFAFIEL | Hik DAREZ TV 20T AL
FT A D B Cif I (Road Work) | 7]J1] (River Work) |, ZE#f# (A (Demolition) , 1-Hiik K

Construction .
e Machinery
Machineries Manufacturers e
- T, MOE) -
Waste &
Dlsposal =z Rental e General Quarry & ©
Company Coniractor Mmmg
o e Constructlon /"ﬂ" |
5 - &Engmeermg’ { AS
Factory and |
on Work/
>

-

Administration Guidance
on Streamlining, Safety or
Environment Protection

Government
Agencies ;(E

kom

X 1-5 FEREER O L7 ik s R E R E



(Land Formation) 72 & O L2179, WA LHL L (Quarry and Mining) | PEFELLIHY; (Waste
and Disposal) &5\ 3 1.3 - #EkFT (Factory and Ironwork) | 3 bk 2 B2 AL CTfEH 2 &
PN, ZD &7 2 — I~ D BLOA S BIRIEL A T T AT H 28T 5
ZeENEDRN, LUV ER T —PIZEDA T FURIEIRE R D LD T, AT A
IR DIER 2SR A TV D, WD — YU BT BRI K D BB O S A TS5 2
LHBRLTND,

R D THFICBIT 288 (b, et LOBREEICH L CEE 4284 MLIT LT E
R ) LEREE (MOE) 28 4% & Sk =~ — ¥ ~ @ i 38 (Administration Guidance on
Streamlining, Safety and Environmental Protection) 217725 CW\\%, [EZHITAIL T HITIBW

B —F~OFFEEITI) DT, X A— 7 (Machinery Manufacturer) ~0 5225
REV, BEIZHOWTIR, BN TIEATR D KON HEH A AU R & D0 5 S HL ]
DR LFREI A TIY BN TITZ IR T 54 0 Mt VE B oo f 70 & 1 5 BURF DA T
FRESI TS, SO — I REBMIR O BR BT SR BRIV A TRY | FERRHEA
—ADRZFNIEE LA TND,

15 L REMOEON T
BRI OED T ORHEAIK 1-6 [T, B BHE B DR O A 1A, (1)
BRI/ %L T R385 (Frequent back-and-forward Motion and Change in Direction) ,
ZAUCKOEHREEEH DT L —F B SIC WD Ty F E T T L —Rid, RO
Z BTz I o (R0 TEED 2N MZHER D, B A IVERIO R ERTIX(2) =
DU INERE 100% H 7 E7pBitE A i S (Overload Operation) &725, H BhEL AT B0 1T A
ICEDBHNRNZDIT, TV H LT VU HIEA AN T =TI Z LD BRE S AT LD
WHPUEELIRD, HARE TR T 1FEE T (3) BB 215555 736V (Operation with Impact)
BRENS AT K OB EL, (ESER ORI OIS EEE RS ND D, (4 1EEICIV IO 035m0
EE&H D\ MK FHEZE (Operation under Dust, or in Mud Water) 72 & (28U CXiFEHIEH T —
D OVERE ST ANMEDS L B2 5, (5) —H1d 10,000 HFfH] L LD A — 3R — L F 6
(Long Overhaul Interval) Z KL CTWD72D VAT LB+ ANMEZ RO ENE RS
o (6) #fi AEPRIT B, TIT 115 (Repair on Site) ZEN 2D | BTRMEE 7 V2708
HRE A RFmMLL CEIHEEAZRO T HLER DD, £, Bl S BRIV B O IR
\CRD BTG Y2 i/ N T DT O I BRIE AT @ W E O AR T DB DD, ZHHD
FEF S EITERIZI AT, (7) A CIER S E O E ¥ $E (Low Quality Lubricants) 73M#
REND56 0380, (8) MRIEH DRV HIL, D72 &R HiH O /45U (Operation under Wider
Range Climatic Temperature) CiEHAT 572D ZAUTK ST DI S — LB EEREND,



‘.’/’/ - 1@ : i : ’ u,:’ , F|L1Id ' '
' . y v
O\ — e , ) Low Quality Lubircants
(Fuels, Lubricants and Coolants)

(2) Overload Operation

(1) Frequent back-and-forward

motion and Change in 5 —; _ +50°C
Direction . e lEs
(2 times min.) i/“llleshl"omt (_’f =S

- achinery is : _ | BN

Durabili
urability pe

(8) Operation under Wider
(3) Operation with Impact (4) Operation under Dust, in Mud Range Climatic Temperature

Water
1 " -m °

: !!‘ i

I‘.\ = [ ’
A >10,000 brs e R
\\(5) Long Overhaul Interval

/
/

(6) Repair on Site o / @M

Aachinery Disposal in the Filed
(End Of Life)

X 1-6  EEBEREEM OO ORHL

(9) BEFRIENLID DU NI S D FEFES DG G, EERRBEAAR (BEYET 20 ton) PHBAL AN E L -

|2 B3| 2 BEZE (Machinery Disposal in the Field) X 51572 W 550305, ZIVHEEIEYIZ L
% A RRBREE DI Y2 I B 72D ICBR B E O D i WM RO TR & D DL B D, 20D
72D HIE B A B T4 |2 CBR B A R AR S E L B35, A
ARF O J5 ¥ LT il 7l BRBE IS > TR O iR 2 52 &IPS T LT TERN )
TR 203 7 T R AR LT AR ufgi}’béi@@&L’C@jﬁ%@"z—}b%ﬂ‘%/}\fgbé

1.6 BEREWMICAVLNSEEHEORECRAS
R (Middle-size Excavator, FRIHES 2~0) IZIEK 1-7 OXHIZF A H (Middle-
size Passenger Car) D) 14 1, KA N7 7 (Heavy-duty Truck) D#J 3 {5 D EOEIE HEEDS
s, HEHEAOE BT, B O SRE RO 1.5%I26720, #iihE L TOffEs, 2
FREIE DI ANE EMERE~D 522 KE W, MBI IR 191 i (Engine
Oil) . HES AT LIS VEB) I (Hydraulic Oil) . Z#HEE (O NT o A3y va il
(Transmission Oil: TM Oil) . {8 T L —F T 47 7L oYV AN D7 7 AVHOT



7 2V (Axle Oil) | #&J80H i B2 (& 122607l (Gear Oil) , U TR O B2 & D0 I EE]
WHLAZH WD DTV —A (Grease) N3V, =P DI HILIE RS 1k D78 O R HHE (Engine
Coolant) DMEHI D, =P T BENEHEL HOGALH LD, EOMITEERR M H &
LT B DR EEZLTND,

RO REHIE L CTlES 2~V DIMBLEBRE) S 2T L ThDH T P Ll EER OB
ExX 1-8 (2 d, @EIEZOMET2~LIZEH1278—7 (Travelling Equipment,
Crawler) £72 135 A Y& BlEsSETH JEITL., #IHEIH Y7~k (Digging Bucket) 72 & OEF
B (Work Equipment) %, FE[F]13°% L7 « (Rotating Upper Body) % [FlfinSt CHEHIMEE%
ITHEM Th 5, TOEITHEIOHIH O E 13 & E O E4 >~ (Hydraulic Pump, 21 — 45
MPa) TEREhS AU, (EEF I LD M1 2 3L (Hydraulic Pilot Valves) &1 L C & &
DAL 73V 7 (Hydraulic Main Valve) ZE))2L T, ZIHDEHERBRIEEITY, AT VR
£ a~ U g Rl & —# (Hydraulic Swing Motor) 721} &2 B X T — X ML= X%

IR O BEE) T XUTITZ S OFEHN DD ILAFEDED 2~V LS ORFE T, il
JFEICEDNARBRET (7 - 8T Ay ay (HST) NOBRER A it Lia>Tnd, KA
FIZ VOB IE B L, v =27 VDT = TR bV Ay var LA HE)
LLT- BEVE RS HY, SHIZH B ZEEE I EE— 2 MM AATENARBY Y 7« 2T =T
T Ay ay (HMT) 365, HEVASERK, U —2 TR b T2y ar b HMT
OREEITHELILTRY, A3 2EEHEL R THD,

400

B Engine 0il
350 | |m Engine Coolant

O Hydraulic Oil
H Transmission Oil (TM 0il)

300

250 b |BAxleand Gear Oils

O Grease

200 |

150 |

50

Lubricants Volume, Liters

" - .
Middle-size Passenger Car Heavy-duty Truck Middle-size Excavator
135 kW (2.1 ton) 279 kW (25 ton) 123 kW (20 ton)

1-7  EEEEAEE BB EOEEEO R IR SCHR[36]-[38IC 3L DX ERK



Hydraulic Hydraulic Engine

Oil tank, Hydraulic "y,
Swing

Hydraulic Cylinder

Radiator and
®  Hydraulic Oil
Cooler

\ Rotating

I
' ~’7"’|.' \\ Upper Body
7 =g

Digging Bucket
4 1-8  ARERAYL ARSI O SMBL L I ERE RS OBLIE  SCHRT111& D s

1.7 BB EN R RETNEHE

VMRS L0 AL T DR DY A 71X BB D KO wiES 72 S TR AL E D1
WHBENMEHSNDZ LTIV =Dy BV AT A ZBEEEE MHEIV AT A (EEM, &
ITIEE IR E DAL N =R NV AT LR A IR AL 2, 2O L7l E N E R 35
HEH DV NTERR G Y2 e 3L, X 1-9 D257 AT Ak i — % b (Components of
Construction Machinery) 3%} 5 &705, T EHET AT AZHTE AR R 35 % FEIX
2\, 2245 (Transmission) | #2207 L —= (Wet Brake) . 1EZ£4% (Work Equipment) &7
HIT A7 A (Cooling System) 72 & D #gfEd D72 I 70, ETEE (70 —) X LI L HEE
FEA2 ED3IE TH D DNE IS N D E BRI D 20, F2, ERIEO ML (Leak) | &
DN B IMEE O WM S (F 4 H R— A, ¥ —)b) O % FE (Disposal) £7- 13 B A
(Burning) {24V H #8255 (Natural Environment) [ZHESZ %A 5. 2 D355 013805, MER—AD
AR L0 8 O YRR 238 25 S 405 LI R IR D K S FBU T D703 %,

R EIN B XN DDA R — 2 MRS 720 @ i B O A B L, AR

E O IE THEIELR2WE 2B T2 LMl Th D, £DTZDITITHIED A =X
LEFRATU TR FIEABE T ZENEE ThH DAY, BRIk A1 i h A O M- S %
(T TR D A = XL E T 52 813, RIS MBI B 720032 LG58 Th-

10



Operating Condition ational an_‘?_ Guidance of Safety and
: Load, Climatic Temp., Domestic Environmental
Air Dust _>Government Protection
- ~ -

A

=
.

Components of
Construction Machmery

] : o
[ -~ Oil Supplier
!

Tech'hical
Seryice

/\
I
|
I Repaiy& /
IMaintghance
11
1
11
!
o
!
\

Travelhng
- \ Eulpment

Lubricants —Y— ________ h‘cﬂ
Engineer ~

D1sposal
R&D Objectives

for Lubricants Natural Environment _ -~
Engineer

1-9 AT 36 G &g & b (R 2S AR SCCHURO I )

oo B ZATZE R 2ETE oDty H.0D FL P’T‘ﬁﬁi%éb\ IEHT AT DO REEIERE T, &8
BHEHE LGS 20 CRIRICHTIZDH A B LV, FHE ZTNOORENEE IEICER
T O T Tl Z<RERL TV D,

IR BRBRIE SO B2 5/MET 22 8 <RIV TV D, IS 13, £
fifi-—E 2 & (Technical Service) Z-1# U TSt D = — 1 D& S (Operating Condition) 5
WM AVE R A FN | SR oo g - HiJ5 BURF (National and Domestic Government) D% L BR
B~ E 3K (Guidance of Safety and Environment Protection) Z-f%4& L C, Bl v H IR 58
FHRILOHMA—T1(0il Supplier) EHIE RARHEZATHIZENME TH D, FEH LA E TN
Feffr & L UL MMM ISR R 4 A B SOV Th O B P i & [F TR B L O
W= DY B &K > TET, BERERO KSR HONWTH, FF KL T LA RIED
YRR A CE D IME S 2~ L OBRFEHAT>TVD[39],

1.8 FEBEMENEFEINEHRE
FEBHEA ] ORI D B 4 ~E MBI OWT R 12 ICELD D, FEEIEIC B
THERWHZOHR], OB~ ’%T%OEHT/T?“
FERRBE = VT, @AM TSNS T2 = DU T B S D RE B LL T,
EANA T O &P RE T (Detergency . P FIEHE) VR ZEIT/0 D, ZAUTABET

11



e 1-2 AR M EO B & mE0—&
(O FricEERWE, O wERNE)

& & . ~ : YL )
& . S N < S XS O SN VL
o c\Q@ &@&Q\&d. %cP%\ &@& &é‘(’ @é‘o 4}8"& P & ) @z?’& Q\;CQ Q‘\O\ &K 60@‘ q;&;o\\ Q@Qé\\fo
‘ PSS o8 & .50 S S & ¢ &/ S s
$“”&" P QQ\\SOQ Y <P Q\% V’&s y§ v W Q@Q < O&\oé&\ Qé‘& Other Properties
Type
. . No adverse effect to
1 |Engine Oil [ O ©) © ©) o o o o emission treatment device
No adverse effect to
2 |Fuel O ©) © emission
No adverse effect to
3 |Coolant o © ©) environment
Hydraulic (Bio-Oil : No adverse
4 Oil O O © o o effect to emission)
5 |TM 0l 0] O O O
Axle and
6 Gear Oils O O O O O
(Bio-Grease : No adverse
7 |Grease O o o © o effect to emission)

ALHT T LHITET RV EEAEE S W[11] (LU T 7y 0 —) Z2 Wil TE T i) Th o, 1K
BCTOT T -T1—DOPeiFHE )1 (Dispersancy, LA K57 8tE) | B21bE5 114 (Anti-oxidation)
FEFERS 1F (Antiwear) | $i54 ~DJE &[5 (14 (Anticorrosion) b Efif XX fWEH Th 5, ITF
LR T 254 LB AL B (A F 72 TRANAI O HITE (No adverse effect to emission treatment device)
ISLELTRSTND,

PREH I A& K1 (Ignition Property, Cetane Number: ‘&4 ) 23 et B 272 i B CHH 03, HE
AT AN LA B LD BRIV TND[40], BRIN TIEAAA T 4 —EB AN E KL TS
DEEORMELHY | P& RETIEF ANNBA T HHEGHD, B E X2 —V 2 3 H
(ZBRITE 2N 20D | BRI A — IR D~ =27 VB AUV TR O B 7 &
TR T0D, FHHOIL TS RBITM BRERLBIFEL TWD[41],

A (Coolant) 13, HBYHLH O JIS shEHIME [42] 23203, BRI L CIIPigtk
REDN R R T D720 | ERRBEMCEE O RN BIE S BRFES IV TWD, AR INZHEHE D Z
EDRHLHTD, HIRBREEZTG YL 720 (No adverse effect to environment) J& £ [ 1E 51| (Anti-
corrosion) & F /- RRIR 2 & 5 HIEBI R L T [43], ITHITEREEICH Efhx w7
NR= BB = — 2SI WD TD[4], 7 A=0 L &M (Anticcorrosion) 73 B 22
THY, BALLENED B~ E THDH[44],

TEENIIE, KT (14MPa LLT) OPESEH O s EBAR S5 703, miE (21~41MPa) DR
PRRIZITOE L TR o | FH 3 DI H ARSI T 1 212 TS Z21FE-> TV 5[45]. 1F

12




OB, WEAR 7 BEf & LEEFEDO B 1L (Antiwear) 23 L B0 fWVE Thh D, BTG e
BRI T2 DA S iEMEVEED I (Bio-Oil: No adverse effect to emission) , &2V M H Ak KA BL<HE
IAPEAEEN IR & 22— IR 0725, Wb a BT 50 TR [46],

IHIGE Tld, KMV DIREDP BRI T Ay a il (TM Oil, LLF T™ ) (3
H &y o B 82 (ATF) SIXSE RN 2725, BT ~& TM Mo 58 I3 EER
(Proper Friction Coefficient) 23 B 2TV [47], Baft= LEEFERS IR (Antiwear) b L ETH S,
T I ANARER TN, B E OB & LEEFER LM (Antiwear) 23 icb EETHY | UIT R
A7« T 47 71 4)L (Limited Sip Differential: LSD) [48]D EE#{% 4t B TH D,

') —A (Grease) [TV F U LA IR E D 2O 2 O TREVE T Z EE R L T2b D TH S,
R 77 ) — A CIEBEfT & LEEFERS 1L (Antiwear) 23 b 0 B2 50VE T D, B B H#H
7V— A3 JIS BUE[491ICH 2N, IERRIEAK CIEIVIRIAW AR ICHE S NS 720 FEDITA
AR TR FR B L 1 23 | R 7 — AU & E > TWVB[50], E7, BERk i H o
EPEREZ U — ARG BHFEL TWD[51],

= ARG IETE (Rubber Compatibility) & AR RFOFEEIME (Low Temperature Fluidity) [
SIS ERIE ThD, 4%, CO, HIEDTZD D E S Bl 4 ~& fME 725,

1.9 KX DRERECHM

AR S, 25 O PRI REI T L R T2 I ER AR D BB S R T 0D W D FRATT & et SRk R
(2 H U T, HERDBEER R B KL 7 TIERI CE 22D o 7o BB R IR D ZE 72 5 ONT |, Rt
ROBBEIZONWT, FITICV AT AR V=TV T OT T a—FinbI b O D JF K
TR EXPRDAIREE R D 2R THDOTHDH, BRIV AT AR =TV T
[5I61[7]Z T, = P IS AT WD DN AT AD IR T —F% T 7 F v % PRI
L7 BT MFEDO AN =X LEMRAL , XPRE R R T DI 2 HIEL TWA,

TR BRI 72 M8 Stk Tl B T2 01 TV RBE, AR, 7V — 2 (UL R M
T LIP5) O SV X BREN S AT LD AN G- 2 DR BN RE W, T Tl E O 1
TR BB D N TR A 2 2 &b 20, FRITIT AR, RN CI AR BRI &
DB RIS L ChBRBE A OIS RO DIV T D, B0 fRPEEBh L, BEakin
BIUENTH BRI EL TIREEAT ALK/ DD CTEREEVEY A IE TE D08, BREEIH D=
DA NRERMANZELA CETITHEMEE L QMR L7205, ZOREF, Bk ik o BrE)
VAT MDA LTI ENHY | BRI A — D 1T — D EO R R A RO BN TS,

TV BB 2 e B L OB R IS D = V=7 O 3H O Hi TR O AT &5k R
5D LEIGIIREV, MFED R ITM AL T DN ERHLE DD | ZDONFEETLT
LbE<< Mg EAER ETDHEAT =X AN KAOEFHR L LL 5D, 20729,

13



TV N RN D BRSNS AT AR AR LT b TR O AT L6t 3R 2 FEli 353 AT LA
V=TV DT I —FRNE NI DB ZBIND, T TIC, VAT AET VRN
AT DAEL V=T V7 [52][53)3 = P D BAR[SAUT DIV TWD A, BB~ DT &
HRICHWDDIIHD TTHD,

AR ST, BARAICIT R R O BREN S AT A ChDH T VU LTS AT LD i fE A
B EiF 5, =V TIIRRE O ¥ A L DBER & R, AR — L Dl lgbEZ
LTI 00 % 7 MNAFANY — )L DIRAVEIE THY | 8 EATIR>Te A =K LT &6t R
DNWTYVRAT LA V=TV T OT 7a—FnblBEL Calbd, MES AT A TITARMR
THHEFRIEERINC LD ERI R BOREIC OWTU AT AR V=T V7 % -T2 5
LR & R IOV TR LA,

1.10 REmXDIERK

K IELLT D 6 TS D, A L OEGAR 1-10(16 H) (-7,

01 FEIFam ) Cld, BRI B OO JE 5 LB A2 DU TR RN CTRERR B AR D
Fh e 28 FIERRE | BRI OB DT IZONWTRL 5, 2L TRREHIZH WD
ALD T D & - TR AR O RIS OB IOV TRL AT B OWFFER T O
KGR ARD, WNT, RSO EE H AR ~5, SHIC, MEEHEO B3~
Baib S RO RAE T~ T,

55 2 T DA R (R L 70 2 i R O B Ll [ D 43 FH 7 & N ARG/ SCCTHY LI 5T H |
Tl KX CTHEY L= DU EMEY AT A TOERIIEORL E AL L1, T
BN LD EIEDENL L Z D EE AR RFHIL DK G T Da R—R eI
WTIR %, Fio, MBI DR A By & B O BIRIC OV TH AR B AR~ 25, VIS
TR T DM ONW T, RIS ERa T ARDOM A S ORI LD AR L LT, A
A SCCHY BT 2 BT & R O B &2 /0 JEL T,

53 BT = v O EE R e DM RO kR 1Tl 3.1 HiiEA AT
— U TOHIETHLRME DO KER T AR = DU B E DOfFAT &6 RIZ DN T
R 3.2 HITEHAT — U COMBETHLT o~y R A MO EIK S — VDR
KIRIZDWNWTI AT AR =7 Y7 D Decomposition Analysis Resolution (DAR) Process
ZICHUTRRZEHL TWD, ZhE il B LIz Va—r T A8k NBR O —/L(Z
DNTHIE D, 3.3 HiCIIFAFAT =V COBIETH LT P DIT 7% T NAA AN
— IV DIFIBED R RIZDONWTIR RS, ZOEDMEIIOT —H%, HFEHK B B
# W2 (Society of Automotive Engineer L T SAE) |2 BeFm U7z 056 im SC[55]-[57]. A meft=
E PR HE R [58]. RO NI FEH DR AL F[59]-[62]0 DHEH L T=H D TH 2,
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%4 T TAESMIEERNINIC E DTS AT L0 SO AT &5 R | TIEBRMN TEA ST
A FRVEAEBNIN (DL T NA A I0) ~DEH AT — P TORBEBRMEA— I DT 0y 2/ b T — A
(Z &5 I e N R 95, KM 0D N VLET %R (DL N R &L T A Al ool
¥ =2 T VEFATL  EAKER (LU EHIR) LU TR E 722 A A il G5 DS A
T LD R LIZZETHD, L, —HOX R ED ML VT OFEB) R RS RARIR D
FEHRVEHLEZ SV, ZOREIZONWTUV AT AR V=T V7 ORI AT A
ET VU SHETHS Systems Modeling Language (LA SysML) (2L R0 I FE-S<fENT &
KIFNZHONWTIR B, SysML 2 W THES AT LD FAR AN =X LA Gk U= | TA 4 fif
PEAEENII A K LT AVEBIR BICE AN =R LEREH L (EBIR B A5 1L A%HRaEx
9, ZL T, SysML OZ 4Rk L7k 7 v~ 714 /L Safety Modeling Language (L4 T
SafeML) W TIEB) R R 7 X ANB LT OR REEFLR L T, e A 0705 K& % E
TEZEmR D, KEADMELLONT —HL, & O Synthesiology & SAE Ol 555
C[63][64]-[66]. At fh & E Bk K [45][46]. EHEERHERE[67)20 VICEH OfEHD
F[68] DI LT=H D TH D,

B 5 RIELL T BRI A— I DUERDBIER RO ITIEIZHOWNTRA A HBOF )
PR R R L ARIIE A -T2 A T RIZ DWW TERL A, IRV T, Wﬁﬂ%OD/XT
LAY =T Y7 DT T —FIZ LD MR EXPR O R AT Lol iz, Zhbd R
T LRV =TV TN LSRR D IFIEN | — R OBWER DD NTEHES AT LI
HESL D A REPEIZ DWW TR LD,
556 LW TlE. KR SCBIROELOERRDLLLIC, sk <5, BRIIT, 5%
k.

SCHR, FTEERA % ’%%iéﬂkbfbuzjzﬁiwﬁﬁkkﬁ“é
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= Fif
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$28 RARENERCGIREOREESFEROVCAREICRNLIFSIER

B3E HEFWWAIVIVOEBMENMEREBIHEDREK

31 ERBOXREHRIVIYVHBICLS 33 DIVUDIIMNRAAINY—=ILD TN
IVI VRS EDEEMT - EEOFSE

3.2 DAR OFE&EICALLEIVIIAYE
HATYREOAHEIKY =IO FE Y

FRATERT R

W 3C 1.0: Transactions, SAE Paper
900337 (1990)

v

3T 1.0: Transactions, SAE Paper
840262 (1984)

#3C 1.0: Transactions, SAE Paper
932375 (1993)

#3C 0.5: Product Lifecycle

Management for a Global Market, 11th

IFIP WG 5.1 International Conference,

PLM 2014, p181-192 (2014)

BAE ESRMEERHICISHEIATLO
MPEDRRHTER R

M 3C 1.0: Transactions, SAE Paper

951038 (1995)

#3C 1.0: Transactions, SAE Paper
971632 (1997)

3L 1.0:Synthesiology 12, 2 (2019)

\ 4 #3C 0.5: Transactions, SAE Paper
WoE = 960210 (1996)
3L 0.5: ASTM Selected Technical
l Paper 1339 (2001)
#3C 0.5: SAE Paper 2005-01-3574
E6E ®H (2005)

1-10

A LD EMMG LS T H O BIR
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IHE

R D P B AT DD D BREI Y AT AT OB HEORDLEAN L 2
LKL Tl D BB EMEC DWW TIRRD, o A2 DWW T, NERORE 1S S M iE B &
OBD i 7e & L TR L Z D8N 20 73, IR OFEIH L Z DRI I DOV THHEEL
b~ L DRAMR AR, o VMBI SRR D R O B E AR SCTHY L 5
HIZOWTHiR 5,

2.1 BEEWORE VAT LEHBBEOIRIENEE

I DR OBREY S A7 A, FHROMES 2~V (K 1-8) DI P L5 D
MRS DS ND I ED AT LAEDM A E DR R->TND, ZZ T, B T
AT DO LIRD BN E AR BLTED SysML (Systems Modeling Language)[52]% H >
THREN A7 LA TOMBIEADIRD BN B LU= VA IS LR T,

BRENS AT LT 7T 4T 4 K& 2-1 1277, SysML NOZHKFL T, JE5Ex HVD, =
> (Engine) 134 L7277 (Generate Power) i1/ A7 2 (Hydraulic System) (2525,
ZOZV U MINCEDME T AT AREEN L CESE2E E (Work Component) T2 it Hl| 4 &
(Excavate Earth) | Ji£[A]%&# (Rotate Excavating Direction) & 417 %% & (Run Machinery) Z %7
T WMET AT AL, DT DR ETHLPINID 2N AT DI > TWD, JRHI%E
EIXE 1-8 DA Ny MG TEER THY | TERIZEEIZLVIERIR 71 ABREI S D, &

ITHEIZ 70 —TDZEThHD, ZOME AT AMIIEERMED v, & EM O E 73T

act [Adivity] Activity of Machinery Domain [ Activity of Machinery Domain ] |

«allocate» «allocate» «allocate»
:Engine :Hydraulic System ‘Work Component

force - Exc outputfforce
(__) ) Eaartvhate D_p_) out force : Earth
engine er
ginezpgw tomy - Rotate output torg.
: Genemate : Provide : ; e, ;
."_' > Power L —> Hydraulic Foce | E’Bﬁ;’;‘;gg Jl-—>ttton - Meobliery

air l

operator command force E torq ‘Ru outpyt torg.

inforce : Operator % | [I A 5 outtorg : Earth
2 5 = Ei Machinery ] il

Power Off - in breathing : Air
S-S |

«discretey J

X 2-1 R OBREN S AT ADOIREHTENERTT /T 4T 4K
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T a~YLTlE 35 MPa DEERZRETH D, A~ —% (Operator) (i E AT LE#A/EL T
BTONEEEIT), TV 515 135 (Power Off) ZEICEVIEZEIIE L35, MET AT A

DFMMZONWTIT 4 ETRIET D, ZOIINTIED RO BRE I P Ll ES AT
LDIZTTITONDTZD | T2 D TS AT DO S 2 SRR B )< 725, Z
OO IEE I RESE WO KT L — % W T REN PO ZEBRDS LB L7205,

TLVATOWTT DU (L FARETIE BO &97%) DOMTIREL HEHIT A, B4 AR
ROPRDIENDIRIIREEET D, K 2-2 ODNE 7 vy 7 X & AV C UL P I A 2350
T5, TV NEE, = OMEET 7Y (Oil Feed Assembly) , =27 vy
(Engine Block Assembly) , /XU —%847 >t 7V (Power Production Assembly) , >V T A
F 77V (Cylinder Liner Assembly) . 772737 ~7 >+t 7Y (Crankshaft Assembly) .
FFRpEAE - LV X~ R 727U (Valve Train and Cylinder Head Assembly) D 6 D7 v
BT VR NT A~y R A5y M ih (Head Gasket Parts) (25017 2, 35 B DM TR B
(Fuel) 1%, B FpHAE - SV H A~ R T B 7Y DOBRENE S 77 >3 (Fuel Injection Subass’y)
MENRT—F LT o2 7T UHROE AR (Piston Parts) [ZHEFZESAVCTRREET 5, B TRTA
BEIZ LD )1 (Power) 1 Z/NT —FAET v T UNBH T, 7727 47 Ml (Reciprocation to
Rotation Conversion Parts) {252 DALDH, ZZ CIEETES)BRIEAE 1T 2 HAV TN IC=
P> 77 (Engine Power) &L TR A BALD, BREBETHALTZHRE AT AT~y R 27y M XD
BEHINW TR AV T > TN~ PEHEN D, — S OBREHTIZE IR Z 2 EO F1IZT
FTLLTRAT D, BRBETHRAELIZBNIE NV 7 2B T X TAFITIVmEIS D,
AR EERNA LT ITRBEO B TREIRIZRY | EO OB IIC LD Ty h—0 &5, Zh
IIAGRSCTHY BT D PEDIK L7225, BFrEEE - LU Z A~y RIT VA~ ROmAIK
# (Cylinder Head Coolant Gallery) THMHEISN D, RHKITRANZ = LA ANT—F
(Cooling Oil Subass’y) T EO ZHAHILIZ#4, V& 7oy 7NOHEIKE (Coolant Gallery)
TS TN ETATONE M AT D, EDH, ~YRHATy OK — NV ERFH LTV
Vo H A~y REBHKEE THHAILIZRIZ, = DU ROTY 2 —RCE D, ~y R AN
i R EDBRBEN A REfikE EO AR BT HEEREE A Fr > T\ D, Kia LID
H i DEEZ B BT TnWD,

EO 1T Y AMDOREE T v ' 7 YN DA A 1732 (0il pan: Reserve Oil Subass’y) 7354 A
JVIEZEY 77 > (pump: Pumping Oil Subass’y) (ZEDED I, = VU F A NI —F Tk
HISH, AA /v 7 4/ % (filter: Dust Eliminating Subass’y) CTl&, 39 LEREMBABIND, £
D%, EO [F=rvr7mayZNOili@EE (Oil Gallery) 225, FEIZ/T7 73 %7 MOl
(Bearing Metal Parts) Z {3 5 ERIBFIC, NU—FAET v 7 UNOa 1R (Conrod
Subass’y) Z#EH L CEANATEFT I T, ZNENEIT D, 7707 % 7 Meil kil s
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777 % 7 v — /b (Crankshaft Seal Parts) (32 IND EO ZFE L TWD, 7T 7
7 b IIE T Y 1A MBI I e O AR K ELRY | ZIUSKHEL T — L
DNED RELRVEE DL, BRI Lo TUIEHEBE RO TM b D770 7% 7 by
—/LC BO LRIRFICE B SNDZEATRINDT-OIT, HM NS —fg R\, F2, v
—IVITL T M — VD ANEIZIE EO ORELFEEEL TWD, Rig L TIEI7 7%
TR — L OEEAEY EF 0D,

EANATEFENZ BO (X, ARV T LV ZTA T 5B L THAN TR D, v
Vo ZTATINIRE O R FZERIRBEIZ VAT T BFE L TR, BARN VT ICiEE S
ST EO IZRATD, =7 ryZNT EO O—HlE, ~y KT A7y hojliz—/L (0il
Seal Subparts) Z#% 1 L CHER SV T 70 8 A BRE) 9~ 2 B 54 (Valve Driving Subass’y) 21 i
Uizt AAN AR D,

W SCTCTHY B D Dr oI, NEET a7 KRk B LT (D @ iRIC S BHE
NHEANA T QURBEIT A EO ERHIE A RIRFIZ S — /v T2~y R TRy bR —)b |
ZLCR)IT I X T MEMD I T 7% T b — AL D TH D, W b el
HEAEE THATED L2 D T D,

22 HBRENERLRERINRETHEANDEZE

ARG SCTHY BT DRI R 2 I JE (Lubricants) (2 DWW T Bl G A &K 2-3 O
T ay 7 ERKERWCORT, 22T, BEEHIE R O SR E W (Lubricating Oil) | 4247
fEMEVEBNH (Bio-Hydraulic Oil, LA F/3A A1) SR B (Antifreeze Coolant) (2D Tk <5,
FAIMRITIER 1-2 [TRULIEIDNCEL O HLH3, EO HAEENH TR ESND A MR IEE
HE A O L (Petroleum Base O1) EHFRFAD WA (Additives) 2SELASIV TS, IRAINA
IX. 1.8 HiCRIERLZIAICER{L RS LA (Anti-oxidant) . EEFERS 1L (Antiwear) | & £ [ 115
(Cu Corrosion Inhibitor) | &4+ (Detergent) . 47 #5 7l (Dispersant) | 4 i 78 % 4 (Viscosity
Modifier) 725 ONZTHTE A (Antifoam) ThD, T2 VU HIE R TOUEMAI DB A SNDHDS, FF
[IEEHN OB G BEZDOFEN RO EE THL, K E O P AMIEE OB G 378
WeDIZ 2 DR T ZENZ W, ITEOPEE T AR O = AR L TR,
RUHLAETE ~ DR A MR D721, EO OIEFHIDORL & 'BATO T HENEL THD, e,
BRAHRAEE DR BT, LB IR R ORI O RE LK ELLZ2 > TUD,

£ SR OVEEN X LB LA S EEFER) (R 23 L OB G £720 G EHID DU NE 5 Al
TRV AR S E 7R EBNIITEERED LMD S > TNDTEN LW, Jett[E TIEmb il
TVZRWEE B RO MES ETHY | FEE LETES RN RO S L0 T
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bdd [Package] 1-Structure of all fluids [ Structural Hierarchy of Fluids ] |

«block»
Lubricants
«block» «block» «block»
Lubricanting Oil Bio-Hydraulic Oil Anti freeze Coolant
FAY A

L | | |

«block» «block» «block» «block» «block»  |«block» «block»

Addtives Bio-Additives Rape Synthetic Water Glycol Inhibitors
Seed Oi Ester

«block» «block» «block» «block» «block» «block» «block» «block»
Anti- CuComosion | |Dispersant | || Antifoam VitaminC orE | |PH Buffer Fe Corrosion Anti-
oxidant Inhibitor Solution Inhibitor oxdant
«block» «block» «block» «block» «block» «block» «block»
Antiwear Detergent Viscosity Bio-Antiwear Cu Cormosion Al Corresion Antifoam
Modifier Inhibitor Inhibitor

X 2-3 O AR ERT T oy 7 E

VAT DDA AN — )V DIRINHIEDR LT T2 —Ab & 5,

A IR (Rape Seed Oil) 725 ik = A7 /Ll (Synthetic Ester) 2355 &L THU B,
RNANTITBRE D N IO BOBRLBL IEA BERED, (A3 L OGS @0 Bh & #I2
Bl A SND[69], ERIMITEIL LT W R EDGH DD, ZHUCER B R N2 W IRINA] (Bio-
Additives) L CEXI C HDHV N E (Vitamin C or E) | 2DV A A B O EEFER 1Al
(Bio-Antiwear) it & L CHWO - BH 3D, BERRFEAR O FH STk, 2D L5723 32 Fi
RO MNIHERFE LW S22 5 TWD, BT AT /LD BT AR/ FEE
DB FRMEV TR C L EER RS OO IINFI OB & &3 A MR IEENH O LT
TRV BT L~ L TR, H72, BT AT L DI I
SHRTL, BEARED MR AR 2D R DB D, ZDOT2b S A A M E L Bh L, &

IR, BERERA 11k, BEEARER . 2 ARSI & DT O A AMEL [64]-[68], Lo, =
— DTS B RER R I B2 T SN IO, IR E Th> T/ A A A fE
FRA IR Z WD EN T —FNBEHEI LTS,

AP (Antifreeze Coolant)i . f FHEFIZ/K (Water) 2 40~70% D ki E LT, KD EfEZ
<7 Y — v (Glycol) 22 TD, P& HOBHIA (Inhibitor) LT pH Z557 /L AUPEIC
r-D¥EM X (pH Buffer Solution) . #il ] DB £ (Cu Corrosion Inhibitor) . kDB (Fe
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Corrosion Inhibitor) . 7 /L= LD & K| (Al Corrosion Inhibitor) . E2{k B5 1+ (Anti-
Oxidant) &¥H 784 (Antifoam) 72 & 3L G S AL TWD[70], KD ERKST D728 AN BRI O HE FE 1%
TEBNHPREEE D 1/15 (80°C) HAKL | BVEMED W b — /WITEEL U,

2.3 BHEHBEICERTSHEDS R
ISO/IEC GUIDE 51:2014[71\2 kX, B 2-4 12”4 LB, fE5E (Harm) 1%, fGRIFEZIX
fi % (Hazard) O & CTEUDH DO TIE7eL B O a7 % Ak (Hazardous Context) /)3 B
2o THALD, FERRBEAL O IEEI R K92 2 | R~ D i E (Harm) &3 555
[ZOWTIE, BRI BB D fER SR 7 F AN IR O RIS HTHI LN TED,
® FESE 1 AR OBREN AT ANITHT LWEREH B A LT LT | AR HER7R
FEHEO SWEORREB L THER T 27 —ABNEL, a7 3 AR,
BRENS AT LAPNIZHEBE AL D,
® EfEHE I AXSE OIS A ENERRIAL 7Y | BREENS AT AR ERY
[CEMET DT ENERT T F AR THEEI S AT ANICHEZ AU D,
ZZC, B MEOEAER) T SV L3 2 OB A — D 3T GO IEOREED L
IZHLEL TWDHOTHY , TGRS B IE AT 5,

IR 1 CAT DMIRIL, ARITET LWV E AT DB AT — 2 TITh A GEED
DUNTZ G MR O TR T 2 Z LSRR S AL, KR SIDRETHh D, 72720, BFEHIM
INRBIKCEARET 2701213, WD RA7R R IR L RSB T D, B E 1 D3
B, 3.2 HIOWHKS — VO, 3.3 HiDIT7 I v T v — VD THD, HEIKY
— VORI AT =V TR ASNTITE N AT — P ORI~ 7 I ThD, —T7. 77
VI T M VDB B R IRENEE T LEb OO BASE I KA AT REIC 2R IE A
TV COMEZE L2016 Th s,

BB 11X, AT — T IRVE O AL WD Z LIV AETHHETHY , =
DFER R PEIRO 2— P IINEEDIE L2 RER SN RERPEEY D, A—IlIT2—H

Hazardous
LERFALD + Context =

2-4 fEr=L TX ANEED G

22



(ZAEIE R & & U C oo v I (BT #lE D O A HELEL TO 2038 T+ 7 fikfa
IR 232, RO ELE Y S B O @ WV 2 FRE T 20 O O ZAT TAF LT VRS E
O W IEDME SN T, JIREHOBWNETHLL D, THICH DL MEDTE
AP HOWONLRITEIEE T OEPEZ 72 DIZNE#ETHD, Z0FEHIT 3.1
HIORSE = ¥ N LABERTE M, 4 O ASAA LD MTE T AT LD METH D,
RSy HE T IR Clieh <388 T DI I 2 N 35 i T B,

2.4 RERXHFETEMD LITEHEEXTRDIEH

3 EB LU 4 H T, BB DOBEENS AT LD E T DT P LT AT O
WAEED _EF5, # 2-1 12, 3.1~3.3 i (Section) BL T 4 % (Chap.) DZF LU HONT, BR
AT I = BES R HERS DV IR ER 2R BREN S AT AN O T o #RESE A
(Failure in Previous or Usual Driving System) DA fEfR, F725fEkR= 7% A~ (Major
Hazardous Context) Z £ LD TRL TN,

TV Y DRI O T B S A L ANE D — L7 B e AR Y7 (Piston
Ring) . ~y R T2 D HEIKS — 1 (Head Gasket Coolant Seal) &7 7> 77 MNHA AV
L —/U (Crankshaft Seal) | JHI/ET AT MOV TRV (Hydraulic Valves) 2739, #
BESYHE 1 TIXATIRO LIV 3.2 Fil~y R A ATy sOWEIR S — V1 & 33 Fil 7T %7
RAANL = | ThD, MR T Tk, WO D8 i R 3 ER 722 50 B MERE (Coolant
Original Properties: Low Viscosity and Low Lubricity, £72/% Typical Oil-film Thickness of
Genuine EO) 32728, 16K DV MIAEERZ2BEE) > 27 A TSIV TH, ST AL
78\ (No Failure) o L2 L7235 HTL WA GEF O EAIZ LY ¥ — L JE 0 D ZENL O HEIN (To
Increase Displacement Surrounding Seal) &2V X3 EE D) (To Increase Oil Seal Speed) 72 &

K 2-1 AFwSCTHRY BT 288000 0 b &5k SR D iR sy 48

Chap. & | Driving Parts Failure Failure in Previous Hazard Major Hazardous
Section | System Classification | or Usual Driving Context
System
3.1 Piston Ring 1I Fail Low Quality (Detergency)|To Deposit Lacquer to
of EO Piston Ring Groove
3.2 Head Gasket I No Failure Coolant Original To Increase
Engine  |Coolant Seal Properties: Low Viscosity | Displacement
and Low Lubricity Surrounding Seal
33 Crankshaft Seal I No Failure Typical Oil-film To Increased Oil Seal
Thickness of Genuine EO |Speed
4 Hydraulic [Hydraulic Valves I Fail Low Anti-Oxidation To Generate Lacquer
System Performance of Bio-oil
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fElR= 7R ANDOAFAEIZLD B HEO B MEREO R 2B 1 TlfEA 27,

WY TERTGR O L EY, 3.1 Bil = DU DY AN | &4 5 HES AT AOTHE S
T | TThD, fEMIR L7218 M B e L, DERD DV NIAEERZRBRE) S 2T L TR
T, R E AR =P (Low Quality (Detergency) of EO) Id, =T DEARNAY Y
2T 1 —1F 2% L Z L (To Deposit Lacquer to Piston Ring Groove) , ZAVMER=Z 7 F AR
ZAEU  ARERE B IR0 S A A (Low Anti-Oxidation Performance of BO) (£7> 1 —% 4L
(To Generate Lacquer) . ZAVMERR=T T FARERY | JHES AT MIEEEAUD,

24



FITF BRMEEAIVIYVOMEBHENERCBIREORE
ARETITEAAT =V TEL 2 oo Vo ollEl, BRFAT —V TALE 1 oy
DYDY ONTEAND,

3 ESRBORERIVIVHICLSTIY I VG EDMEMT

ERRAEIIA—TNTE N B L O VT T IR DO HH R T VR —H % 1980 R
BRENCH TR -, B LT AR —E, T—BrxzoPr (LU R Pv) DB AR
LIV B BEEAT R (LT o DB &) Z ] L7 hy, = DU B E DO JRIRIIAE S
FRNT C&I2oT, DT | BRI A— I =V Off R RBMRENT T — L, 5RFHRIR T
— I BEAFE BT IESRE IR — L2 B ONTREL VR T — LD 7 0y = 7 b — L& kL TR
KIFER &t SR 21T 7807,

FEHOITBRE T — AL LT HIDICKE O = DUz IEL TREMER AT AL
T, TV UM EEO BRI H DI TR o7, 7272, TV UM E AR LT
TV DI ANV T EEINE LTS N b o Tz 2D O TE IO
THATHRGEZ T ~T2[59], B ARV 7 DIE 35 2B 1§ B 15 Al ORI BR R [7218 0
TWD, TV MOEEET, = P 3B A W RER [ 73] 3 B D — 1 Th D,
Hsu[74]1% EReD =2 OGO R 2 2 22 L — DL BB 2 <oy
RLT, K 3-1-1 OO FRY N 2—7 T ARMEHSNDZ L2k X T, Ay hTFa—T
T ANX, TZ A% (Glass Capillary Tube) NIZ/0 & (0.3 ml/hour)d =2 %R 7 (Oil
from Syringe Pump) THEL, 2250 CHIL R THEH 92, 16 R ORERTZ I, TTAEZN

Glass Capillary

Tube < -
(5 mmx 300 Ml \
7/ / To
Collection
Jar

1 /Aluminum
I Thermostat

== Oil from
Syringe Pump

= Alr

3-1-1 WIHOFRY F2—7F A CHER[74]) L0 i5H
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BT NR=0 L7 0y I BB LT SR TR LTI Ty T — DR 5 & Tl T2,
TAEDIENL 277°CETHZET, 2 VRO ANV T TAOD Ty J1—(FEET 12l
—hTEBEEND, 12720, By T a—T T AN VU RBR ORE BT AT I TURU[74],
EHDIIMO. ERBR AR AT BT Ay b a—T TANCOZ U D UMEER EDIRD TN
N, TV UNTORBIZEWES 2, ZOHL ERBREE RUEL TV uili b o P U BEfT
XOPMREFIRDZ L UTZ, A SLOAFNT OV T, SAE (2 T3 L CHAAITRE[55]1C
i Tng,

AREITIE, = VB EDOR Y 2 —T T AN W JRIR O fRHT &6 IO Tilk <
Do IRWNT, T VNI T LV AT LET VERWT, Ry hFa—7 7 ARGl 5=
YHDEEIZOWTHB TS, iEDRRLT VUM TOERN AT DIRD TN Z B
fRTHZET, DUV UBEEICED AN =R DR CE DI EEIR RS,

311 RKETOIV I VEAT EDREB R
(1) IVIVERAEOERDRE

R RV IR, =V UBEE D RIR &R0 5 2 H) E BIfRE (Stakeholders) 73
%9 % %X (Possible Factors for Engine Scuffing) (Z- DWW CRAA ZI T2 o7 (3 3-1-1), =—H
D AT F 2 A (Maintenance) (2 DV N TIATZE SRIEL, M HIKA#G (Coolant Level) , 73—
270 LRk O PEE (Machinery Washing) . 55 N EA A /LA HARE[E] O 5T (Oil Change Interval)
[ IAEAE UZAT 03T D (Adequacy) , 72721, EFRAE B DN 28% D —H R H
771 FH B L Tl A T iE R (Overloaded) 2L TV 5, = — 3 T D &EEX ik D 18 #i5 5= {4
(Operating Conditions) (ZBJL TlE, EE2 (Hot Climatic Condition) &5\ MIWD EEASHE S IR T

#£3-1-1 TV UVBEMEOBERICOWTORER RO —ER

No. [Stakeholders Possible Factors for Engine Scuffing Investigating Result
1 [Users Maintenance Coolant Level Adequacy
2 Machinery Washing Adequacy
3 Oil Change Interval Adequacy
4 Operating Load Overloaded (28% User )
5 Operating Hot Climatic Condition | The Same Conditions as
6 Conditions Dusty Condition Japan
7 Rocky Ground
8 Steep Ground
9 |Oil Suppliers Fuel Qualities Good
10 Engine Oil Qualities To Be Investigated
11 |Machinery Service |Maintenance/Repair Several Faults
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(Dusty Condition) Tl&72<, #HifES:L L Th L (Use in Rocky Ground) 72132 B0}
(Operate instep Ground) $,/072< | i H EREDOHHE N EIFIXFIL TH D (The Same Conditions
as Japan) , BLHIA i A—71(Oil Suppliers)?>—HFIZHFEL TODREHZ DOWT, 24 o7 L
%’%ﬁbf:z’)mu,\ X B (Good) Thoiz, LinL, =V MIZOWTIT HARD = P lD
HIERDKRESELRDEN D HY , 26D 5HE (Engine Oil Qualities) 2 i AL 3040 EAH

-7z (To Be Investigated) , %—t A H (Machinery Service) ®#4{ifi (Maintenance,” Repair) | X
iﬂﬁza)?éﬁmmﬁ753@%%?}%&“(“%0%‘0“(1/ D, LTeio T, = DU BT EICEAfR T 2 A
(3, = E L AT EER LB R RO = DI bD,
(2 ITVIVHERRE

B 3-1-2 13 KENCTRAEL T VU B &R LT Vo DO RG] Tl 2, 455
(No.1007) (ZIEFH (T L 7= T, B AR LU H DRENTHR G2 BEFEL D720,
KL VU DEANANTARDE ANV T WD, 124 BDT Y INBEMN 2RI TS,
WL E AR &S U4 (Cylinder Liner) (ZHERT E T DMEE (Scuffing) 3 F AL THY, 2V
VLV T DEEFENFE L KE (Liner and Ring Wear) , JEX T2 4 BDHL. g
22 (No. 1132) AR AT BEA 2 LA MEETEZL TV D (Piston Crack) , ZDHHL 2P0 2 B

Criteria \ Scuffing No-Trouble
2nd Ring Free Free | Sticking Sticking Free
Engine 1132 1074 1083 1016 1007
Cylinder #£6 #6 #a4 #2 #3
Oil R N T O E
& ! . :
Scuffing |k i P | o 11
i ‘
Cylinder '
Liner
1 ::;1

100 mm Piston

; Ring
!' /1St
s &an
Piston =~ oil
(Piston Crack) Skirt
Wear 2nd — 1.43 0.65 0.90 0.01
Qil —_— 0.21 —_ 0.21 0.06
mm Skirt - 0.11 0.10 0.11 0.11

¥ 3-1-2 KETHEXIW2T VR — D r O 5 iR A it
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(No0.1083, No.1016) Tix, 2 & HDOE ARV 7 (2" Ring, LA F BRI ) 23 E &
(Sticking) L CUWC, BRI 7 OEEFEL it EFROE ARV (19 Ring, LA Fhy V7))
FOHEZNZEN, TERDO T VU B E TIE ALV TH D,

Q) IVIVHRE DT EREN

TV B DR EETIRDLTDIT, T VU O E = U B E DI AE Lo
722 »—7" (Engine Oil Brands without Scuffing) &, 7421722 /L —7 (Engine Oil Brands
Caused Scuffing) |27\ CRIZLTZDNFE 3-1-2 THD, TV MO A~ £TIX 25 &
DT TRV UREAEIT 2 4 (Engine 1100, 1125) 721 THY, HOZ DM RRE
(Other Problems) {Z/R T IHNZBREIA ¥ =7 & Dl (Failure of Fuel Injector) 72 (3EFEIA
(Wrong assembly, Maladjustment of valve) 23 il [A] EHEE XD, ZAUTKTL T8N K~S £ T
D 21 BHIX 16 1 (76%0) IZBEE N AL TWDIY, =Pl B BT I R E<BIR
L WD EHEESND, Eo, EHRU 7 DE (Ring Stick) 1L8611 A~ ETIL I
T, 864 K~S TIE 9 1 (43%) IEAEL TWD, 81 T & U ILEERR I A— I 3 HEREL T
WA R T O (CC 7L —R) Tho7od T, o VU B ENA TS ATHEMIE R
X\, ZNHDORNTHE RO VO S E N T DB E TR L T D LRI TE S,
fifi I SEREFRAT T — L3 B L7z i A ds (Overload) 13, =0 VU BERHE DZRWEE 7 L —
TERAELT T N—T BT D DT DI BT T2,

RO DB N — T R OUSINFIRE AT L el U7l &%) 3-1-3 12”7,
OFITC/R ¥ i HAff (Total Base Number, L F TBN) [75)1d, EANAIA B L2 20659
HYER (BEE) 2R SDIRINAIO & OFRIE L7205, @FIT/RIARERIK 57 (Sulfated Ash, BL T
SA) [T6]iT TV oD A HiER7RE D@ 8% & TIRIMAI O BEDOIEE THY | LHIZEL G SN2k
AN O JE DR EDSBIZHND, BefF &ALVl (No Scuff Oil) A~J & P 25T}
(2 U, BERFEDN R LT84 (Scuffed Oil) K~S (P #BR<) & T IZDW\ T, TBN & SA Z b4
L& D TBN 230 0EV VSR E BI7R 7513720,

ZZ T, HIRDHRY N 2—T TANESELL T, Z2HO= VU MEIEMICEHMI TE545
2 HTRED EFOBHBIREZNENOHTTZAEREN T 0.5 CLNIZRD L3 B A
BVELT=, B SMHERTR @Y T, ML= TR I ATz DU iliE, 28R EY
JERESIVTHRIEIC 220 77 A WA EFLOOMBICEEHE D, FH DT LIZDI,
3-1-4 DIDITHRBRIBEEZEZ T, =P U HOIEEHED R IR E 20 <2515 THH[59],
ZORERTIE, BT T AE NI AT DTy 0 — D BEE 6 IARIZIVFHEL . frED
EOPRE (Rating 6) (272 DR EZIRIFURE LT 5, 372D RFUREIT = P U MR OTE
PEDOMENETHY | [RFURE (UL FIHEVE) 282 5Ty I —I3 PR SN TIC T TAE I L &
WA BT D, T2 P MER O EE: (Critical Temperature) &2 3 FiftE DAL DS
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£ 3-1-2 TUVUHOEEINIZI DT VU BEAE DB

Other Problems
0il Engine llours Scuff Ri ickik Q‘ggﬁ,l_gaﬂ
A 1059 2591 ) o o
B 1100 4235 #3,4,5,6 Mo No  |Failure of Fuel Injector
1284 >3000 No No -
C 1184 2258 No No Yes
1126 2306 No No Yes 5
1253 >3000 No No No g
1009 >3000 No No - £
1125 3104 Yes No No | Wrong assembly R
)] 1261 1431 No No - -
E 1246 1993 No No Yes 3
1753 2897 No No No =
1007 2129 No No No =
1280 624 No No No 3
F 1034 >3000 No No - =
G 1063 >3000 No No - o
1097 3041 No No - =
H 1131 2356 No Ko - o
1004 >3000 No Ko Ko £
| 1018 2009 No No - &n
1239 1555 No No No &
1093 3445 No No No
1124 3636 No No -
1116 313 No No Yes
J 1010 >3000 No No -
1266 1947 No No No
K 1076 >3000 No No No
1090 2483 #2 Yes No
1231 2490 §3,6 No No
1145 2286 81,6 Yes Yes oG
1250 2026 Yes No No | Maladjustment of valve =
1185 1439 #5 Ves No g
1263 3898 Yes Yes No 2
L 1001 1351 #5 Yes No e
1040 >3000 No No No 2
N 1105 818 1l No Yes S
2500 16 Yes No g
1213 2526 No No Yes =
N 1074 1787 $3,4,6 No Yes s
0 1016 2128 [¥] No No /M
1030 3343 #5 Yes Yes S
P 1120 3634 No No No -
Q 1073 39310 #3,5 Yes Yes g
1153 145 Ves No Ves L%"
R 1071 4204 Yes No No
1132 1219 #6 Yes Yes
S 1142 570 Yes No Yes l
T(CC) | 1083 1909 $1.5 Yes No
U(CC) | 1291 3000 No No -

& 3-1-5 (TR, MEWED 280°CLL LD P MBI IT = VU BT & 2T T
W3, 280°C AT D AR T, 881 P ZBRV TR T VU B E AL TD, ZOREEND
TV HDMMEWER RN DT P DR ERIK ThHEE 2 bivle, HARDHRT Y
M OTHEMEIT 280~320COMICHY |, KER T VMO M EIT 2R >TNDZEL Y]
BN 0Tz, KER D M OTHEE S B AR AR &1 B R T4<
NTELT = VUM EICIDMIRIT TR CERh o7, KERZ DUl =y
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VT BN DA ARSI SN T DT T— B A U EL T
HHEITBRIEIT 2 TV B, HEAE Tl — B 74—V L U A Y s s S

THY RIZITIEAEIAR N GEIN D3 DD,

16 2.4
14 L
12.0
o 12 & °
C 3
= ° {11.5 z
o
o ® ] <
o 8 Qo -
= 3 R
=z @ 1 2
P ol @ w10 S
O\ X % -
o S.A.
TBN o)
o 0.5
2 O
(o} 0
No Scuff Oil Scuffed Oil
A~J and P,U K~T(exceptP)

3-1-3 Befr&a2AUnWo D UMEEL AT U O M TBN(O) &

WREEIK 5y SA (@) D sk

Thermocouple%ﬁ\
BTO-3
] 8t
° ° ] 4 l
. | __Aluminum Block o -] NN
° c
‘ 3 I
b " ~— Furnace a4t :
J' D L |
[
Glass Tube —— . i1
7 , Lo
<= Somple oil [
Vo E
0 1 1 V L . 1 o
i | E— 240 260 280 300 ~ 320
Air = 50rmm

Critical Temperature,

3-1-4 Ry Fa—7 T AORRIX EBRFREE (i) OWE J7 ik
(FRBR S 0.3 ml/hr, 2850 E 10 ml/min. FABRIFR 16 hrs)
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U(C

0Oil Brands

l:' without Scuffing
I

Oil Brands
Generated Scuffing

T (CO) |
220 240 260 280 300 320
Hot Tube Test Data: Critical Temperatiure, °C

wEFO W OZEr R ~TT08 oo aaw

*(CC): EO for Light-duty Use

3-1-5 FyhFa—TTANILYRD T2V MR O it £ (Critical
Temperature) &= 2 L BEXfFEDOEIfR

3.1.2 iy MFaA—TFAMIELDEHBE LIZI Y UV MO AR R OREE

TV MDOTEBWER RN T P UM E DIRIK T D ZEE ML T D721, 3 FEE DI
BWEDRIRHT VT 6 BDH L U iR BRE T o7 (K 3-1-6), fakihidsiE
DUl (BTO-1) | A HO TRV il (BTO-2) | SiebIfHEED AR R E =2 (8
i S. BTO—3) ® 3 A TH 5, ThENDIMENEIL 300°C, 270°CE 260°C TH 5, BTO-1 1%
B D ZfF: (Overload) T 500 R[] 5 722 <Eh V7o, BTO-2 1T B far 4214 C 150~200 FRFfiH
To&FET 3 RBOT VU NiftEl, BH RV T OEENFEA LT, ZHUSK L TCRET
>Vl BTO-3 (T AR AIED 1 [ HORERCTIXb 30 7 RE# T DU A3GEfT &, 2 [1]
H O AT S OFBRCIE 32 REM CTHERFE AU, BEHED AT 4/F (S.T.D. Load) TH
80 BFM] T DU BERFE M AE UM, BRERS = iIZ IR A % M8 (Fuel Dilution in EO)
Z WO T2 T 2 B B OB EAT o7, ZORER 250 FFE T 4 K fE 3 DRI 7 H3E A&
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Genuine
EO
1 | #1 BTO-1 No Trouble ) |
L°WEGO"’"E Scuff(# 5) & Stick( i 6) )
2 |2 Biar BTQ_QQ“GiIConsumption Increase Scuff( 3)/Cv|;1§er
-load
3 IEED
| 1
4 USA EO Scuff (1)
£3 BTO-3
> L™ 1] soutf (11 4)
S.T.D. | — i
6 Qil Consumption Increase Stick
(#1,4,5,6)
I 1 i 1 1 e, &
0 50 100 150 200 250 " 500
Test [Bench :
No. | No. boad | il Test Hours

X 3-1-6 —FEHOTL U HONWTOE Foo P B OHE 5

L CTAA/ViH# (Oil Consumption Increase) 23 F 5 TN D R L7 o7, B E= P8
ULV b a2 —T T AN IO o= P MO TRWE ORI 5 kL DG R OMRGEN T
7o

313 YATLXIVIZPIIIERWNVEIY YVBRMEOANZALER KRICOVWTOEE

Al 3-1-1 OIS T VU B &2 AT T DD 40%I 80 RV T [EE
DAELTEY, AL VU B LI R OREEN AL, @FIL 1 BB O AR
VT (AT Ry V7)) DEEFEN SO DEE THH D[ 77]. BEAN U7 BEFE (Ring Wear)
® engine 1074 & 1016 |XEH RV T DI NEFREIZZ O, K 3-1-T 3R AZHN
AR 7 OFEFA LR A mHEIRREOIRE 2 R TR ThD, by 7V 73V 7 I
AVIALe Ty J3— A= ZHEBR T H1E H (Discharge Lacquer and soot) & £f-2>% — AT
(Keystone Top Ring) [11][78] THY, 285 CTOSFMF:THEIE - BEMAXITAET20, IR
Vo Z71% 228 CEIRWAS, T —h3TF 7 (Deposit Lacquer with Soot) LT W74 7 F
77 (Rectangular Ring) [11] Ch 5D, ZD7eH = P U B EDOJRKNT Ty I —I12& b B RY
VI EETHLHEHEL TVDN, ZZTUVAT AR =TV 7 W TEHE AT,

ARV T HEESEDL T —DEREZDFED A=A LI ONWT, VAT AET
WO THETT 5, EANALSV A HZ T4 —HOTOZ VO SysML OIRFEER 2 X
3-1-8ITR T, T4 — BT P TIIBREEA A (Combustion Gas., 1L 500°CLA F) 1280,
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on Chamber

7

5 . Keystone
g —Changing  Top Ring
- Clearance (285°C)
5
o)
é Deposited Lacquer with Soot
>
@) Rectangular
‘ Second Ring
Constant (228°C)
Clearance
gap

Piston

i
i
i
i
i
i
i
i
i
i
i
i
i
gap !
I
i
i
i
i
i
i
i
i
i
i
i
i

4 3-1-7 $ERTVUTOERNAY T OFEFA LA B RF OV AN 7R EE

stm [State Machinel EO lacauer state [ EO lacauer state | |

J normal S
O me

when (combustion gas temp. > 500C
with 02, CO, S02, SO3 and NOx)

deteriorated

entry / Activate engine oil: generate radical
do/ Oxdized engine oilwith radica
ext / Form laoguer, oxidation products and radical

dissolved state
entry / Dissolving laquer

2 Y
do/ Dispersed laquer
ext / Terminate laquer polymerized readion
when (detergency bsed with when (detergency ecovered by
inaeased oil temperature) lowered oil temperature)

[ precipitated state |

entry / Stop to dssolve lacquer
do / Aggregate lacquer
ext / Depositlacquer

X 3-1-8 T VUDEARNAETIF TN TOT Y DR BEERS 2 2 TR
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TV ATV SV E T AT R TMEAS I, RBET AT E ENDIEE (02) . —RIL R R
(CO) . —FRILHi ¥ (SO2) =LA 8 (SOs) I D\ TR (NO IC &V ER{bS TTy
A =R 556K TE (deteriorated) £72%, 22T, T P MDTEHFTERER L TWDIR
RBRTIET vy —3 = P Ml IR R L2 IRRE (dissolved state) £720 , T 1 —I /3 S
(dispersed lacquer) . Z#LLL LD &5y 1127252 L6 B 2341 C (terminate polymerization of
lacquer) | 1E 772 R HE (normal state) & 7S5, =2 P DM EWE 28 2 DI IZ7e>C,
THEEDN Ko 72554 (When (detergency loosed with increased oil temperature)) TliE7 > 41—
XA EE AR TR ENTA T D URBECIRE (precipitated state) £725, ZODIRRET, 7
Y H—IICAN N T B L VT EBE LRI T LD, AN REIM ELTZTY
BT O VAT DZEFRVN, 2 P M I IRST2 Ty I — TR T A3
HEF TV MR35 (When (detergency recovered with lowered oil temperature)) , 74
Y hF 2 =T T ANTHR & IRERACPEN AT om0 DU OB E M A AT DR TR
VUMD Ty T — RS DIEEPETIZ T I L TOD A AR B )~ 5
725, —WfbRFE, i EH VNI ER B AT T, ZXEF T
MRS T DR T 2—T T A, EEOVZEEEZNICIVEIE RISV
BEATEE— BT DRERDFONDIRIL T DD, T b, = VU MDBEME 2B HEREI,
FRAGICE DTy I — a2 E (B ZEM) Kb, Ty —%E 7 i E (EEE)
DHEETHD,

3-1-9 1%, WEWED ST VAl L2586 0 REELERFTTIR COE AR U
TDWRRDEENDT I T 4T 4K ThHD, TPV IMREEL TE AR (piston: Power Generation

act [Adivity] Ring Normalat Piston Thrust-side [ Ring Normalat Piston Thrust-side ] I

«allocate» «allocate» «allocatex «allocate»
piston: Power Genartion Parts ring: Gas Seal and :Lubricating Qil-film Parts cylinder liner:
Lubricating Parts Movement Guide Patrs
' = ™ heat (@
engine com pustion : Load by fﬂ_)* : Support Piston | e 5[ | :Support Load
,,,,,,,,,,,,,,,,,,,, .../ Combuston [ by ExplosionGas | T‘ and Cod Pision hept e
B ,j and Seal Gas kﬂse_ : Maintain Oil-film ,_force Ring ':‘__) out Coolant
L ] : =g y Thickness and — RS
L] combustipn gas Lubricate Cyinder | —
pressjire Liner B
power -
LEo
| Combuttion gas ‘
™\

Downwardby \ —prE i force|, (- Become Gikfim ), EO £0 —
) 3 ape Q1 ' 2 ome Qli-film 1 . .
Combustion — _’EL Off ‘7 Ey‘\ Thiner /‘| ] ®| outoilpan

. S

comprepsion air

Hower . pregsure T
et : Load for i— P __ forcq : Become Oil-film
— : 1 3 :ScoopUP Ol |y i [ ] G
Compression | B | [ E, Thicker ‘ EO
Other Pistons P y EL e in conrod and
L ¥ coding nozzke

)

(BRI EWE RN DAT AMAITTOBRBER: & FERERF O IRIEZ 7R 1)
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Parts)|Z & 1nf 23725 (Load by Combustion) &, E2ARU 7 (ring: Gas Seal and Lubricating
Parts) [V ZIRBENC LD T AEDRTEA DD, ZOMEITTL VU MOMEIZI L2 B, A
BED T AT EF S5 (Support Piston and Seal Gas) ., fif EL1X U4 A (cylinder liner:
Movement Guide Parts) T2 1E&® 541 (Support Load and Cool Piston Ring) . #ABED# (heat)
D —EFILMIEZ L TV FTATIZEDHRHEND, RBEICIVEARN AT T HICBEIL
(Move Downward by Combustion) , >V X T AF RO TV MIFHREZ LS5 (Scarpe
Oil) o ZDT=OHMEITAA L 73 (0il pan) (231 T#EE< 725 (Become Oil-film Thinner) , YT,
BIDR D TN IV ANATEAEITRE (Load for Compression) (Z AV, =V i fEEH1T
54T (Scoop UP Oil) i1 3/EL 725 (Become Oil-film Thicker) , ZAUZ L0 MR X ES AR FF
SNTUIH T4 F %87 5 (Maintain Oil-film Thickness and Lubricate Cylinder Liner) ,
3-1-10 [ZMEAEDIR N P MAMERSNIZGE DT 7T 48T A TH D, T
\ZERILIC LD T 1 — DB D3 A 3% (Produce Lacquer) 23, il ClI 7y —% a5
BN IEL 72 DT DIZE ARV T DOIEIZADIA AT (Enter Lacquer) PR LA E T 5, F—

act [Adivity] Ring Deposit[ Ring Deposit] |
«allocate» «allocate» «allocate» «allocaten
piston: Power Genartion ring: Gas Sea and :Lubricating Qil-film Parts cylinder liner:
Parts Lubricafing Parts Movement Guide Patrs
i lajuer \
"' {EnterLacquer | gjmmem| | :Prodice )
- o | Lacquer
L]
laquer eat
ergine 4y . . st " : Support Load |
compustion|  :Loadby 7 {it=Ce port = o — [ 1 o Coci Pision heat . 1
Combustion by Explosion Gas (s ~,__ force2 . [ }—> out Coolant
® - e ealo : Reduce OHilm |1 — 5 Ring ]
| == e lboh _forcd ‘ Thickness and y.
& > | ; )
— ! y - Lubricate Il
L combugtion gas [ Cylinder Li o)
predsure L vlinder Liner y
owe r ]
. [ - EO
| ‘combuption gas l E
e ) prebsure ) ; ) |
Downwardby | " Srape Ol Off | 5"+ Becqme Oi-fim | EO e
‘ Combustion > l J L Thiner ||j * out Of Pan
9 ¥ ,:\ @
Poper air pfessure i ) .
inPowerfrom Ll g :loadfor ———i—  foredt _( :FdedThn ) )
Other Plstons ’-  Emenen | O iSccoeUP Ol —>T  okfim —
" e £C inconrod and
- = ' codling nozzle
[lacquer dgposition] | [e1se] 3 i
L H
“ : Stick Ring | J
Temporarily
— w
é ______ =t
[exceed upger limit T olse
of lacquer Yolume] 35
(" : Adhere Ring | T E————
‘\ toPiston [ fe=s oL

K 3-1-10 [iEWEOIRNTL DU CTOE RN DIREA N EFET T 7748 74X
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ARV TTEDE AN 7 THAUZ T I —FHE WS Tl I He s ng, Lo &T
VX 2T AN T Ty A — R EEB IR B L THERE (lacquer deposition) L, EZAR
Vo7 LV 71D T —Rpp)72 8255 (Stick Ring Temporarily) 23220 [EAEITAE COE AR
VTN EB VU i OREE BT BB THIIROE S 73— KI5 (Reduce Oil-film
Thickness and Lubricates Cylinder Liner) & $:\Z, HAD L — WV RN EITI2D, ZIUTEDAA
JAHE DA TZ0 MRS AR ENEE) T 51012705, Ty —OEP—EEEZBEZS
(exceed upper volume limit of deposit lacquer) &, EEAR U7 LB AR D[ 75 (Adhere Ring
to Piston) 2520, MEATZ LS 11720 (Lose Oil-film) £HIT7e > TREATEITED,

314 IVIVOBATEICHTEIHE

M EE DR P A WD TH BT E A Z I 72N R =P Tl —
x&‘/ﬁét"xwuyﬂiﬁﬂﬂém_o ZUMERER DT, FE LK E =Vl BTO-3 2
DEE T, ZOL BT DU EBATSRIETO 250 B O H Lo DU RBratiaot-, 20
Eﬁ%ﬁ“@ﬁﬁzﬁi‘/“/‘/ﬁ%ﬁﬁ%%i_léﬁ‘ IS CTE LT AR LT () 3-1-11) . ZAUTKIL
TR VU TR VU B A ERNCH RO DVIIM HKIREN LB 528, 1L
HENEZ TS, ZOBRIIRTROT 77 48T AR OFER DI, AN T LV 71
D—FER AP ZHZ LT, MFEEINETH L CEARN AV T NOI IV TAF ~DED
(RENRLEI DT LFITE D, MIEESOE )X, A A /HEOBEINMILBERAH D,

W R TV ACHE R T AR, KEERD RO TS T U E AR T
LS N TS, IEFEDOH LV VUBFEICBNTH, iRV LRICERRAY
VDR BEEDBBE LR E oV i AW DR B T IER RSN T
W5, FEIEERSREL COT V3l (LA FHIE T P il) 13, Ry b 2—7 7 AT 300°CLL
EDMENETHST-D T, ZNEMIEZ DU MOBRE LT, 72720 EILIEE AR =
DT AD % AL BB T e B R DT D IE A OBl & %%Y@Z%Lf(b\éﬁ\ follIE
TV MO B/ NRO TR THERF L TD,

315 RYM1—-TTAMNDEBEI XTIV IVBREAOERA

AR PR AR OB R I > TR L 7t — BT g F 2L — 7 L% (LLT DPF)
2D VU OB B A R T D78 . IINAIELA 20 T B 038 572D I HE D
K FI5ZENEBEA— D THRIEE 22> TWA[11], E#H 1L, BENE T A 0 HER &
FE[ETHAME OVl JASO. BLF JASO EO #iks) Z1Eot 4RI L T, Ay
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Qil & Coolant Temp, T

g
= 3
£ ]
<
— 600" | =
g 0il Consumption 2 %
& g
5 &
2 =
m (=]
4
a) RV OBARSED A FikbR
»  120¢
a
E 10}
[
'é 100
-l
5 680 2nd Ring Stick
Coolant (41.4,56)
1,000 L A
= . 43 a
Y I 84 Sculf oil i
E 800 i s
g 600} e qE
1
5 200 (]
é ) ‘ . blow by 5
% 50 100 150 200 250
Tesl Hours

b) eV DFERELLIED 2 [FOH iR

3-1-11

KERT VU BTO-3 ZHWW -tk B GBARTRY) Stk v

v (BEHESE) O F Eou DU RBRORAEZ L

F a—7 T AN RBR S THLAAAND Z B LT [79][80], ZAUZE LBy b 2—7 7 AR

1A BRI TOD[81], # 3-1-3 |

- -
—\ —

DRI ~DFI| 5 BAFR A (Stakeholders) & A%

il i D% Bh (Establishment of A New JASO Engine Oil (JASO EO) Standard) . #1#% %I ]
(Utilization of JASO EO Standard) 27~ 7", [EN B B #.A—7 (Japanese Car Mft.) &4 i A—7
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& 3-1-3 JASO = VU MHS BV OF|EBRFE | il ETEEV 2L NS ik

Establishment of A New JASO Engine Oil JASO
EO) Standard Utilization of JASO EO
No. Stakeholders ) - - Hhization o
o Discussing Standard
Providing Tests
Items
1 |Author - Hot Tube - For Genuine EO
Test
2 |Japanese Car Mft. Engine - - All Recommendation to User, For
Tests Factory-fill, For Genuine EO
3 |Japanese Oil Suppliers - - Oil Tests Manufacturing JASO EO
Japanese Construction - - - Recommendation to User, For
Machinery Mfr. Factory-fill, For Genuine EO
5 SAE Asia |USA Car Mfr. . -
. Requirements -
Committee |Global & - - - Manufacturing JASO EO
Asian Oil
Suppliers
7 |User - - - - Use JASO EO

(Japanese Oil Suppliers) &3L1Z, & F (Author) (%4t 5% #& #ik A — 77 (Japanese Construction
Machinery Mfr.) DR EL THIDOVBEDVERIZNI > TWD, FH TRy M 2—7 7 AN
Bk 7 1% (Hot Tube Test) &2 D7 —H &L TV % (Provide Tests) , 2001 =D HIASFELTLARE
(ZENZ S DREBFEA— D D3 2 2 AR 2R L T B[82], S ~D ¥ RIZKE LT
(3. KIE SAE #LEL - MM ER 2 D77 Z B2 (SAE Asia Committee) TP JASO EO Bitg D
% &} (Discussing Items) 218 L C., #4 D = — (User) & A i A— % (Global & Asian Oil
Suppliers) 128513 2K A L LT\ %, JASO EO Hi#& 0> ff il 174 (Utilization of JASO EO
Standard) |3, = — W ~DHHARERT P HOHELE, T TR NTHIED T P
(Recommendation to User, For Factory-fill, For Genuine EO) ~Off 1 TH 5,

3.1.6 FtH

AHITIE, = VMO THENEZ AL ECTRBR T 28 LW HIELL TR LAY M a—T
TAMIODWTIR R, ZOTANFIEIZEY | KETOTU DU BT EEREAS, it B K
R MR RIR THHZ e RIS I LN TEZ, MR TV ~O%REL T, Bh
KU 7 %X —ANABICE T L, VoV EB IR ET DT VU Bt & &R LT, #iiks
TV DEHAT = TOREM EEFLST280 | TBWED Rb RN U 2R HEE L TH
WHHE Lo DU BB ESNAZ o7,

VAT LRAZ V=TV DT T a—FIZED | BEE AT A RROIRD T Z BRI
THGZLIZEH B IZIRDO LB TH D,
1) VUMD Ty I —ERRERRIZ DWW TR IEER Z | SysML MK RER R IX TRk 3
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3)

HZEIZED, RO D ORENRASNI o], Z VN TOT VUL, 18
Bk EE, BRIZ R0 Ty I — R T 25 IR B IE RIS L T 1 — D3 T DRk
RELT o I — M A& T DILECIRIED 4 DITHFTE, =V VBT EIXILEeIR BB TAL
HDT, ZOWRBBIZEL T VU MO (TEWE) DNEEf &R AEO R WA R D L, Ry b
F a2 —T T ANIZDMHEMEZFEARTL TD,

By Fa—T7 T ANIZERE T THRILL TRY, =V DM b ET I2L — LT
WRWEDFMEDOFH R H D, L L, TLECRRBIZZR D EWNED & T L T D7z
12, T VU B E O BRI EONDZE N DN oT,

EANA T DIRDEENE SysML DT 77 48T X% W TRl 3752 2120 MitEL
PEDIRNT A TCOE RN A T DT T — I ZEDEE B D AT =X LT/ E TET,
SBIT. TITAETAKNCIDE AN 7 DIRDEENDON T, EBRCTHGET & ThD,
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3.2 Decomposition Analysis and Resolution (DAR) Process DFEZ&#IAULLEIVIY
Ay RI 25y RSB EIK Y= OB EREATEX 3R
BRI O LS T4 — B2 D (LR ) 37— BB E2

i A = LU CRATHC SRS A SIS I HKIR O A L 2 L Q= Ak
IEA~y R A D EIK S — L (LLF K —0) BRIV CTOD DN, Z DR IRIT I 23
TEOBEHETHY | IR AN =X L WIHEIZIRI T 52 LM TERD T, X 3-2-1 I~y R RS
VRO — NV OREEE | IEIKIRNE L Z LT K — L OBADIRIED B EZ T,

K=V EIFT LOBIUNZDOWTO AT RGN, T AMEO SEATHSEL, 7V
—HR—=REN U TATFTH O Vo Ty —Vinxt R T D, Keller[83)1LTMiHED 72V Y EPDM
(ZARDDIMM KM v 32 4 (LT FKM) $5\ MNE7Kk$#/E NBR (HNBR) ZBH%L T\ 5, — 5T
Hertz[84 1T R EHIRIZ LV /KL NBR 1% FKM LOMHEWENS L2 %2 L TERY, FUKHE
{t. NBR ToH->ThZDELE L REEDEIC L > TIHEWE N B2 5 Z LA R LTV, i E
(85N AEAIF DOV I OFEF N Va— 0 T LDOMENEICHE T H 2 HEL TWD, 2
SOIATIIZE 2B E I L TR L ThHIVa—ra DI DO EEEL., KFE{L NBR (2
DUV THIHEWEDBFTE LTz, FHHOIZZOKS — VO R RENT 55K E21T720, SAEIZ Chfa
SRR L CTEITRES61ICHB# SN TV D,

AHITIE, ZOBEHERIKS — IV OIRIVEFED R OFRB EXFRIZHOUWT, FiTlZy AT A
R =TV DT T a—F il drd, ~yRT Ay SR — DT —F7 7 F il
D E = — (Architecture View) &L T, Decomposition Analysis and Resolution (VL F DAR)

Cylinder Head
=l Head Cover

D D U v Valve

Cylinder
Block

Cylinder
Liner

Coolant Seal  Oil Seal

a) Ty RART RO b) i CiRIVE R LTk
K — VDAL LDt E

3-2-1 ~URHTRT YD K —LONEEH KR IEFLZ LT K — LD
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Process[5]& fRilk 3%, ZD K — M HMZR W O LV 7 THO 725, BHETKE A
725 DOJFRIZ X0 EIKIFIEA L TVD, DAR % W TIRAVE R D A =X K& fiR B LT
KR ERF LT Z 2R ~_D, ZNHDOXIRIZENZ DO~ R T Ay NFRD= 2 OiE A
TV DFHFmE REIER TELIEbIR D, ZOFLONFITEERSHE THIR[S8]L TV
Do

321 EXRMGEREER (OpsCon) U DAR [LLBKV—ILDRNRERDETERE %

K= OHBEKFRAUCKH LT, RRZARICHE T 5288 B TR By —b
R T DIENEREN TV, B TOBREEZ LV F YR ORFHET R
EOZ VU KIEDBERITTERVIRILTH D, ZDK—/LDiEH (Operation of Concept,
LLF OpsCon)[5][6]1F. (DHRFEHI)HEHE CO TR R VEZITT 2 572 12-50~+110°C £ Tff
MATRETH DL, (2) K =N N2 D UBEE L~y R TRy MNDA AV DY — /1
BEEEL TODTZD ML S B THH L, Q)T U A — 3R —/LiZD 10,000 FiFLL_ED
F R DR O HEBIILRNZETHD,

W HIK DA (Leakage) Hef#iZ DU NT, 73K D Fault Tree Analysis (LA T FTA) T-/4[86]%
HAWTEDOFEGZK] 3-2-2 (TR T, R¥J—723 — Ll (Unequal Seal Contact) F72130% 57
2! (Fatigue Crack) DWW TN AELDHE, N~y R TRy TOME O 72V R FE
(Unlubricated Condition) & & /{12 L5 K& 72227 (Large Displacement) (2L HIK AL
WAELDZENRDDD, ZEDOMDERIZELITND A =X LL BRI TEDN, ERONKFLE
ALEHT DD ERNR S350 5, il 2 13 85E TR O A B (Poor Quality Control) , #HIZKD
BAbET LG EDBURDBEV GO L7l THY | A 172 AT =X LOBRFEITEEL U,

WHEIK O (fEF Harm) (2% 7% 5 272 45 (Critical Issues on Harm, LR &
L, fElr=>-7 % A (Hazardous Context) &XFIi 3K (Resolution) Z DAR &L T 3-2-3 [T#
9, 20 DAR [Z2—HVERDERDT-OD IV T 4 HNAY 2—TFE[S|ZSHL WD, Zi
CEDmAKTNEY — L OBREN =P THEA T O A E L HE R R E R Z
KD 5 BETE (Section) 1201 TRFT LTz, S AT LD by 7 Tl H = 2w 721
LD EVD [ RE (Section 1, System-Engine: Only Cause in High-output engine) . 7>t
7 YLUL 2 (Assembly - Head Gasket) TIEAHIK S — AL TZIFITIRAB AL D780 R E
(Section 2: Only Caused In Coolant Seal) , 7> &> 7 VL~UL 3 TIIHEIKDLLIZIVELS
K — O (Section 3: Seal Crack Caused by Coolant Deterioration) |, 355l 4
(Parts - Coolant Seal) TiX/KT — /LD HLE TFED A B D [H]#E (Section 4: Inadequate Seal
Production Process) . #1815 (Material Composition) TlI/KT—/L =T LD R T8
A WD RE (Section 5: Unsuitable Rubber Filler) Téh 2,
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Leakage

|
| |
Unlubricated A Large
Condition | Displacement
Fatigue
Crack
A
l
| ]
Unequal Seal Low Strength Rubber
Contact Rubber Deterioration
1 T
0 & 0
| | [ |
Coarse High Content High Filler Low Rubber | | Poor Quality Coolant Low Acid
Filler of Coarse Content Polymer Control Detertl)ora“on Rlisl‘gts::e
2 D
Filler Shagl Microorganism

0

|

Low Temp.
Operation

Concentratio

Low Coolant

3-2-2 ~yRNTAR7ry K —/LDJFILD FTA

Coolant Leakage

and Seal Crack

Section No. Hazardous Context Resolution

Syste.m 1{Only Caused in High-| Larger Displacement | Improving Uniformity
- Engine Output Engine around Head-Gasket of Seal Contact

2| Only Caused in High seal compression | High Strength Rubber
Assembly
- Head Gasket Coolant Seals stress without lubricity

3| Seal Crack Caused Organic Acids from

by Coolant Coolant Deterioration
Deterioration by microorganism
4| Inadequate Seal Uncontrolled Seal

Parts
- Coolant Seal

Production Process

Material
Composition

5
Unsuitable Rubber

!

Filler

Acid-Proof Rubber

Production

Change Production

Process

g

Coarse Filler,

Excessive Filler

Content

Fine Silica Filler,
Lower Filler Content

3-2-3 ~YRHTAFY K —IVDIRIVD IV T 4TI A Y 2—Z L EEFL 7~ DAR
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DAR (IR U7 ST TR — L DIRNAT = A LE BT T D722, IRD LD
12075 W CGREZ T8 o7,

o HEZUUUVRBRICED Y NI Ay MOZETE J R & B b ONTIREE /3 A O I E,

o KUV OBEMALED IS — VT DAELOBREERE, T CRAAEIL
TRAVEEC TR — VO BEEROBMEBIBIZE, 15 THILLIZMHIKEZ UK
VB ZA TR — DA LD T LEFBMERIC L OBIEE, L TP E
LD BDBACIZONTDEEL,

o K NBRITEA— DO EEEO TREEA,

o AL, BERR TR D ONTE - BATM BB 2,

3.2.2 HHKENORE DEEHT

LU 3-2-2 @ DAR ORESDNAE I ZIESWTHITE1T),
(1) BHEAIVIVEFTREND A USRIRE (Section 1)

U VAR~ A A NADIC KSR EL TS NI |
A DU ETBIRL T H YR Sy RT R Y b Y8 T oy 7 DO AR A
WL T, ZORERA R A TR DA H R TREVZEBBABH A -
T2o Y RH Ry MORS — VDO BB E TR = P LRI 120 ‘CTH1-D T,
K — AR FE IR U BRI 7o SR S D, 20 S H ~y R S A T ay Jf G
DR = DIEMRIEZ S L2 L — LT BIRZAT o7z, X 3-2-4 IZEFEDI VX T ay 7 |-

Improved
Rubber S

Air Bubble

Acrylic Resin Block
(Simulated Cylinder Head)

|

Previous
Rubber P

Head Gasket

Engine Block

3-2-4 PERILP LWBEI LS DK —/LOEMIRAED B 1B
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(YRR M BN TR — VE IR AT, DY Z A~y RIS 2% 787 7Y
JVEHIE 7 vy 7 RUAS TRy — L O BB 2B L T2 B Th D, FRIDIREADHER
KT =L L P (Rubber P) 133 — /A KELHRDIIRE 2 AL T, KHEIZAWEERDI
WAELD, ZHUTKL TRHRAIOKEBDOE R T A S DK —/ L (Rubber S) 1ZH)—1ZHzil L T4<
ST AL, BRI A S [ TFEH LRI LA — D ERETL TRELTEM L TH D,
FEEEDO TV TCIDEIRELRDIENTEDLE, T VBRI LAV H T a7 OIRENIC
FVZERDOTNT R — VR E 2B BT 52035 2 Hid, MEIKBZDOZEL DT A IR
WL ENHEESND,

2T BHDRIL D~y R Ay MR EL T, K — AR — 7 ik ig L 72
% JEAE 28 (Compression Limit of Uniform Contact) {22V CIEJEME VTR~ 72, RE—72
BAIRIAN TEHRIETHLEIEL TD, K — /L DJEMEER TR — VRS Z K~
RAAry NESTRRUIZE Th D, ZOFEREK 3-2-5 (2”7, K — /LT LA EHZ DT
Pl 25 D C 3 R D [EME R 2 E Lz, 162Kk D= L P (Rubber-P) |35 b U AR (28%)
TR =728z i Z U TR AL AL D, mdilk= L (LU COTS) D Yz— =2 A(Rubber A)
HIFABRITIERWERE R TEREZ AT D, ~yRH A7y MBI LK — IV OJERMEFIE 20~35%
IZERTELTWDDO T, fiEKRT L P & COTS I A A [T~y R A7 N TR — 72 BEfiloik iE %
LD, ok, ZOEMRITS — /VOIEERRME THD, WRTL S [T~y AT A7y T
B =72 R EEZ R CTHZEN D oTe, ~y R T A7y NEY O K E72 27 (Large
Displacement around Head-gasket) (215 i 8 F A~ D5t IR (Resolution) (3, 2 — /L D4%fih

80
Compression Range
e in Head Gasket
o 60
Eg
py-
EC 40t
% g
¥
§5 20 }
O L L
Previous (COTS) Improved
Rubber-P Rubber-A Rubber-S

X 3-2-5 ¥ —TeBMuIRBE AR THEMERD EIRE~Y N R0 hd [EAfE =R
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% ¥ —{b =% (Improved Uniformity of Seal Contact) Z&CTh 5,
(2) KY=IVEZFTRNNE USRERE (Section 2)

FEHZOORIE TIX, 80CIZHBITHTTIRO AN HIK ARG LT B H KD (0.36~0.67
mm?%/s) [T P2 MK (10.0~15.0 mm?/s) D 3~4%FLE THD, ZTDOT=D PRI TH
HUKIIE G ITRAD ATREMENR B D, =0 ¥ U HIE AU U TR ThH D72 O 128V PR
ZiE TE TN AT, Flemo VUi — AR A MEL, S Ua—r 3 ANEIC
HiziB L TR HIER DN DD, 2072, K —/LERIUHERT I P 2D~y R T A7k
DAANVH =V TIEEHRADOBEIT R AL TEH T, BERBRL AT TVRYY,

=)L R D IR0 D E B WEMEIS 123 R AT D720 [87], v — MR AN AT S A
REMEDN B 2 DT, 2T, K — VDN EMEICE > THEET 2542 4EL T K 3-2-6 Ok
NCHERT L P, R T L S 22HTNT COTS DI Va—r =5 A~D 2OV TO LI AR
EToT0, YUa—2 T LD FEANIBAREER R (LU R UR) BMEDL LD N — I TH
5o BEHIIVVIOBEEN VI — T LOEELBRNH A EREL T, LA E R R
(Compression Ratio To Fracture) Dt F2% 2V Il & & (Silica Filler Content) CHEFEL 7=, B5
PN VT OB EIFEMGRED L ZD FEME R BRI DD LD 00D, TERT L P IR
JEA 2R CRAE 205, ~y R A7y MO FEREFRIZ AR LT L P OMEET D EMERIZZNLD
B, BRI LS L COTS DY Ua—rT b ALEWEMRECHREELZ2V, FHOITTST

80
X
g
2
§ 60
2
e
2
Q‘g 40 r
,5 Compression Range
@ in Head-Gasket
o]
—
£ 20
o
Q

0 1 1 1
20 30 40 50 60
Silica Filler Content, %

3-2-6 I Va— A LFOUYHFRIERI OB BLEMEIRE T 5 E TOJERER O BEZR



BE LI K — VR A2 BB E T BSEIIC LV BIZEL T, K — VOB D — T T
BTHLZEERSTTND, 20T BRIR T DI BRI ELREET D7D — /LD
WG RERBAT > TS, T To @ S — LEEIG /7 (High seal compression stress without
lubricity) DfERR DR RIL, 35S HDHNET LA DL H72 5 58 = 2 (High strength rubber)
BHTH D,

() WHEIKDLALICENE UK Y—ILDEHRDERE (Section 3)

FEH =V %8 &% (Emergency Generator Engine) T, fiE3= A P 23097 18 REfif D 1E
HEIZ TR — VD BLUZ DM AKIRIVEEZ LT, FEF H OSBRI TR R EERA R IEL
TWEONIEE THH, BEEALTZOT 2 FH THD, FH A=V B HEIES
TR — L OREE RSV TW T2 EIKR O TG R AR 3-2-1 1T, Fo, ko
T=OBER O @7 =2 (Marine Engine) D7/K> — /L EHHIKS B ToHodTLT=,
K —=NDT L P ZALF oM (BRFE, 70~ 7 T74708) LTfER, 34 P ORI~ ITAHE
FRICEDZE L IEL TODZ Lotz K —/V Rl D A ILEA) (White Precipitation)
POIFANHIROTIMAIRL 7 L EOITABERE (S 2T lE, e A W7 L) OFREEA A D5 H
ST, RSN HAKIZIIAE RbHY | BMEIC IOMEwLBIEE TE T, W EIKD
I DIIAEUER 7228 F S ORI = o D 6 (58 O HEE D TR B A 4 & (Total Acid
Ton) A SIVTEY , ZOIORFERNSHHERA A NINHIKD Ty ThDHTF LT

#* 3-2-1 MHmEAUK T OAERL GRER) A A4 BO ek —/LORTE

FEARBRIVIY MABAIVIY
Emerge}r:j(r:l}?f:r i(geenerator Marine Engine
A1 B 18 hrs (2 years) 2,100 hrs (2 years)
Total Acid Ion, 607 109
ppm

Coolant Seal

Condition Normal

On Seal Surface
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I U BEAEMNC TV CTACTZEHEES IV, FARD[SIIZ =T Lo 7 Va— L DR
20%LL P2\ T VT DNEGET DT EAMABNIL TS, ZOFEH FFE RO RN Bk
JEIIAT T ARB O 15%1278->TRY, P HERRF RS B2 D KR B3 BT
WO TRAEM DAY, AERERIAE~DOT LORFEAREAT > THERT L P

FAELRLT WD, R L S OF MIMHIRIED D DT FH TV 72N LA HERRL T,
ZIT BB T DIDNTHE BRI R T TR — VA B — L ERRBR L CC O RAMRGET
HZEIZLTE, MEIKDEAEMIT LD H 1 TA U7 H# (Organic acids from coolant
Deterioration by microorganism) (Z &2 1 [R ~D kbR Mg 2 (Acid-proof Rubber) D+
HTho,

(4) KI—IOEETIRDF RDRE (Section 4)

K =N DIFERBROJFINEL TRIER RO RIREELIRfS 720 | 8 1L E P
R Y LB, K — VA= IOV TGO TRRERZTTo72 (K 3-2-7), H#ET
GITHIAL TV D A—J CBLA— 71, Seal Manufacture) (%, /K — /LD HLEZ LD T RET
(Sub-contractor) (ZHL TEY 1~3 RO TEEITETHIIN T LEOEBREINDIEITRoT,
IAEDZFEI D T Tlid, T 2OMBMELAEZED TR TINBNRE LR 2N T LA L E S
TV 20 (No Quality Control and No Record for Cure Temperature) Z 030703572, BA—HIE

FETEPDR DR — L EZIT RS L B O FLE, S MRS R A 21T
THe A ZE (Inspection Data) 28 i IZBE T L T2 20 TIHITHI AL T 7z (Delivery with
Inspection Data) .

FRAEARA— F D S B B P TBA— DI U CHIRE D P FiEoES, WEE H

Order
Seal Manufacturer/ Supplier S —— Engine Factory
| Delivery with Inspection Data
Order Specific ravi
Sampling Inspection p Y

by Supplier and Hardness

|
1
I
I
I
I
I
I
I
y 4
1
|
I
1
b4
2

st Sub-Contractor |

Order

nd Sub-Contractor | —No Quality Cont-r;)-l_-""'“\

Seals I;} and No Record for ]
Cure Temperature

Order

|
1
I
L 4 s
3rd Sub-Contractor ===

X 3-2-7 K —Oflko FEHE
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D FEMizEBEFEFEL TD, v IVa—r T AOMALIRE SRR R E U ChH LM E R RN 25
FATREMEDS @Y, ZDTD =V THWNIAEEL ThoTo Ky — VO E L M Tz
IR ZDEIRIBERZRfERRIEICS B L THRA - 3T LT B TOR S — VBT R I1T3R
DO ST, TRENDERIEILT 2O FTIREDIR NIZLBHTHHN, AL I-4
FCIEZ 0 MEE B LD fEBRIEITA 0 R R BROFRIZIT 2> TN LTS L7z,
REBLD T — L5 (Uncontrolled seal production) (2 XA MG EA~DRFHGHREL TITARE TR
75 H (Change production process) CTéH 5,

(5) KY—ILATLOREY G FIEFIDRERE (Section 5)

AR DI VT — T AHD LY HTT LOBEICRE RN DD, 2T, WERITLP
CHRT A S BERITRES T TR o7 S U b A BT E - BMEE (LT SEM) 2 Vg2
w1107, K 3-2-8 3 Va— I LAHOFIEAI VD SEM IZLHFETHDH, {EKkT L P
T HE Y (BEf ) BELE S, AR T A S 13M7e s U & FetE AL L TREA L T
Do PERA P OFLNEERE T U IR — 2B DJR R L70 H ZEMABDNTHY | Rzl
RS OWGl VIN I Bt DM E AR D LR T& D, COTS DI Va—r=
LA TE 30% DTV AEE Te HEERE T ORL A BT Do RIS VDN | m O ERERE
TREE LW DM EAE B CIEEEMUR BB I AR Y — 1270, 2SN I DT — L D
HEREEL, YVADEEEDZ ST —/VIBE DK T ZEnRLNTHD, H EHD
SEATHIFZE[85] O EEE HI3 KRR COMMBWEICER BN H 5T — 2 &R L TND,
HAIOM ARSI L8 H 72 & (Coarse filler, excessive filler content) (& AR~ x5 I L%
HIL U H O LELA B A5 92 & (Fine silica filler, lower filler content) T2,

Z20um - e .
Coarse Silica of Previous Rubber-P  Fine Silica of Improved Rubber-S

3-2-8 HERILPLLEITLS OFEH|D SEM 5 H
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3.2.3 DAR OFENENMNIK Y= DRNANZX L

VAT DAE =TV T DT —FT I F ¥ a—EL T DAR Z W fRATIC LT, A
IRBHIKDIRNAN =A% K] 3-2-9 DI R T ZENTET, WHEIKIRALT, &)
(ZHL U 7 (Coarse filler) DRIFEIZ I T — /L DEFHZE T (Non-uniform seal contact) 23220
K= NVRENEIADEL D, ZOKIBTM AR P A>TV UARE) TR EZ BB TS
HIUKDIAK S = OSMTFHES TR AR E Z D, IRIZEF72 ) J & (Higher filler
volume) 737 ABR B 24K T S 1 T 77 k2 (Low fatigue strength) 222 LK — /LD
2 (Seal crack) #4E U5, VDR EENHHKIRAUIZET 50T, UM Tl &
EHWOLTZT L S 13K — DY — /WHERBE A A B T 572D DX RIZ/HEHE 2 5
N5, WEMZLDK — 1D LD (Coolant deterioration by micro-organism) (33E 5 H
FEEMT T (Special engine) & AT 2 A4 B (Poor maintenance) 75 72> 7 fiZe o — A
(Rare case) THDHNS, ZOTL VY DEFAMEZ U R TDIZOIIRRPKETHD, T4 S D
Mt tE= LAY~ (Acid proof rubber) [ ZAEMNT LAHH LD IERITAR D FIRENEN B 2 B,
BB DOERABRBIToTND, b~ DDOKY — VOB REZE LI DB R K
(Possibility of crack generation) [F/K> —/LDHLED HWEEF DO A E (Lack of quality control

Coolant leakage

R T SRS P I RN TE SR DO S R B e
[ [r—— 1= =SS ITIL - -
1 No Permanent | 1
: Non-uniform Seal crack Deformation : No seal
1 | seal contact ‘ : clearance
! 5 i
1 Low fatigue ' 7y
i strength o o i
ol T Possibility of Crack Generation { ["oorrnanent
] . .
! I.——J-...1I Rare Clge : E dcfonilatlon
] 1 ] i
| | Coarse filler | Higher filler Rubber Inadequate ' I
E content degradation rubber cure ! I
! i ¥ {| High
S L“g:: te' Acid P Coolant deterioration Eackof I | temperature
| 34 by micro-organism | |quality control for| | | €ngine
! Rubberss i seal production | }
i : i Poor maintenance |
i . Il Common

. I
i High-Output Special engine il Leakage
i Engine i| Cause

1

F e e e o o o o o e e e e e e e e 4

3-2-9 WEIKS — IV OIINATI =K I
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for seal production) T&Y | fild %} R LR T AU REZ R ZJ /T RENVEN B D, TTFIZIITD
— R 72— L O YR AL D JR K (Common leakage cause) (%3 — /L D ~7=V (Performance
deformation, LA FIEMEKATES) THLHD, i bREIRS IR S — /L OFRA TITA~720IE
—H A STV, BREBREFATEFRRZIE DWW RIS RIFTELNTZb DD | i f))
MOT —FT I F ¥ DB 2—%F 2 TOIUTEATEERR A T 5 2 L7 Rl A = X M 23T
x-LEbha,

3.2.4 Verification Abalysis and Validation Resolution (VAR) [CLdREEER Z 4 FEER
(1) HERAE
HRDZVT 4 T3V AY 2—=D No.1~5 DIHHE EXIESE T, BRI L S IZED5ROMFEEE
%4 PERfERR(Verification and Validation Plan)DIH B A3 3-2-2 |Z/R" 7, RO EHEAE/VITM
AEEH H THAHD, ZOTZDIZEFEEH DIT~Y R T ATy k3 — LR (Head Gasket Seal Tester)
BFTACHEL T, RP ORROMEENT B /TR L MR OIEE ThY, & Lo v illRe
BRI LS HHAIANTE = VAL D TG ARBRIC IV F LT, B2 m A KIRALD xR
ROLITWT20IZ, 2 Y MEREFRE 7 A (Countermeasure and Field Survey) (3ARFEFK
BRA5E T L CTICIATICR LIz, ~yRT ATy~ — ViR L, BV DKy
— N a2l — OO E RO =P DT e T VAL TANL T,
3-2-10 [ZABRE DI AN 2R, = DV OIRPEICEDE S 2332 —h % 2~15MPa®
HEH A2V (Cyclic oil pressure) & T P B AN DIRBERITINZ T2, AU P8k
Btz = — LI~y R ARy NERA D REREN 2 FFELL TOD, BT~ RH ATk

3 3-2-2 DAR OIHH ExbIGSHETMRREE 26 4 YEMERR D VAR OFERIE H

| " Verification and Validation(hatched cell) Plan
No. Critical Issues c tems for Head Gasket Seal | Engine Bench Countermeasure
ountermeasure Tester Test and Field Survey
1 |Only caused in Improving
improved engine uniformity of seal
2 |Only caused in coolant [Adoption of high
seals strength rubber \
3 |Seal crack caused by  |Acid-proof rubber
coolant deterioration  |(Rubber-S) v
4 |Inadequate seal Change of seal
production process production process
5 |Unsuitable rubber Fine silica filler
composition (Rubber-S) \
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Oven: 95°C f

[

Cyclic Qil Pressure
Heater

2MPa -ISMP3_+

Cylinder Head

Gap Sensor (Horizomtal)

ply

r
Coolant Seal

Gap Sensor (Vertical):

:

Head Gasket

I 1

& Cootan : I I
s e Cylinder Block 100 mm
- - I !

X 3-2-10 ~yRIT A7k — Lk Big DX

JERDA] & AT R LT MEREF O B ] 2> Y (Gap Sensor) CHIITEL THRED =V L[H
CEE D2 L2 L TD, R A ZAMIlO B — 228> T 95 CITIMFL Tk —
WVORREZRFEEO TV ORBBITE ST TND, K — VO EMRA TR T L7201, #
FEE DRI D~y NI ML CRERAT > 7 I LR OB A T o7, B E=
VOVEBR LTS TO T DU BRBRIC W TSR TS,
(2) AYRHATY - Y- BB ER VSRR TL S KY—ILOT A EDIEEE
Ry R A e — VERBRIZ 1T K — VOB TR DG R A 3-2-11 [T, fiE
S P oL, JEAESR (Compression Ratio) 40% Di KA M DOFMAITEBWNT 6 x 106 A7
(Pressure Cycle) CREAEAENHITE, THORADKBIZELEIL THY, SEM (X258
SHERL TS COBALRUE IR EZ BT, 1ERT A P Lt R4 S O 57 dhifiE
I Z 5725 TND, —EDEMEE THIULT L ST L P D 10 5L LT HEMIT/2D,
FHEIE (22Tl 10%EERR) 12IR1EL7== 2 P (Immersed Rubber-P) [ 395 57 58 B 3 K& KT
T50, [RIUAKEREIZIRIE L7 A S (Immersed Rubber-S) I XMHEE A3 d D7 8D 57 58 DA
TEDR<MAbND, HEH I EHET VO Am AR Iy 2R Z<E T
7ZDT, v aVRRICHRIA Lf:///et%’ﬁ%ﬁofH%ﬁﬁ*%&ﬁ%ﬂ\‘r:) ATERRIZ % D
H LS IEH L P OFY 100 T TT TR DME DD Z D DT,
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60

50
=X
g 40
5]
e
g
g 30
E.
g 20
@)

10 40% X 60077 [E]

10 mm
—
0 L

1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08

Pressure Cycle

X 3-2-11 ~yRH AT vh o — LRI L0 AL T2 K — L D3 57 Bh

@) BELEIVIVRERICLIDHBKY-I DR E MR
Zom =P WTK 3-2-12 OJDIZ2 19 BlOE Ex Vg e T o7z, 20
N 10 DT P ARBRITITHERT L P DK —/V (R DOIR X HY) ZAl 20 0A A TRABRZA T
W9 FDT P ARERITITH B AL S (M OF I DR — LV a IR IA A TR Z1T -
Too PERT L P DIKT —/LTIE 100~1,000 FRFEOFER T 5 ElDOMEIKIRIL (Leakage) 234
Ui, BB A S DK —/LTIE 50~2,000 B 9 [Al0FER T mEIKOIRIUIAEL
T — VAR ANED 2B PR TE T, BRZ DT L S DK — /LD ~T2 (JERE KA
L) BOREND, T L S D HIEOA —/ A —/1i2D 7 10,000 LU B3 RFFCEDE
HEES T, 7286, JEMEKAB AL TIMERT L P AL S LRIFEOMRE ThH T,
4) BLEIVIVEHABRICED V- INERICLDRNANZZLDE Z R
INHDE L= DU RBRIZIBWT, FEGIIERT L P OK—/UMTERRPFEAEL T
BWNZHBDLLTWHEAKOIRN AR Z T2 27, ZORND AN =X L5 fERTHT
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DIZHE L= DB IR AT D LRI, = VY RERTAT A A TR L TH
FESHTHRLTZ, YU~ RETDHNL TNy R TRy MIERIMNR T 7 2 IR LTl ER
L7=AE RN 3-2-13 ThHD, EHEEOREITIX, K —/VINBIRIVTZARBIRAD DEHEIZK D
F I TODED, WEAVKIRN AR L7k — V3 BEO RO LB L)
BLIPNZENDND, LT T fEkT A P ZERDWAEKIREND — DD JRIKNIAR YL —72E

40
Envelope of Values @® | Improved
VMQ-S
Leakage x | VMQ-P
® 2
X
[
o -
c
S
N =
a
.
=
=
o
@)
0 | |

Engine Test Hours

3-2-12 B L DU BRIC D~y RH Ao M DK — IV D ERE K AT I &
WBHEKIRILDFEA

. ‘\ ,
X 3-2-13 & iU BRICEBITAE EIKIRIVE DK — L&Y ORI
(B E SRR IV F D REHIR, A BE . K — /L DR EE)
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NI LB THLZ LD ST,

3.25 BMEBKI—IOBEAEKI—IOTOAD M4 THADIIR I AV M (PLM) EE R TR

ZY MR T LIRS, FHFDIL LI CAESNLIETOZ U VIR BLIZT A S
DK —NVERHT LI U, £2, TG THHEIKIRAN OO0 o7 ThOZ T35y
fRL T RIT A S DK — /IR T DI LTz, 2O AR OB R IC L > TGN D
[F~y R 27y MO EK IR USRS S V< o7z,

FATHNCBESN T R EM A O DU Tk, ZOWMET L S DKL —/MIT
FORERLEHTED RBLEEL SITRE-> TV, Ll B = Tk oI
Jik LR T A B O BRAE AT O D FHEI B KERIZHY | fFFRZ D~ R T A7y A%
Fom D= DU BN ER CEAMNRaN DT, D7 2O TV ATHE A AL

AL THE Lo DURBRMT o1 R, L S DR —/WTEMTKATERD 0%
LIERERDI R — L TERUIRRBIZ R o7, FHDITTVa—r TN TE DL LRI EL T
K3 b NBR DK —~OEFHE R R EL THFEL T2, /KL NBR (X225 H DNk
TIHMEWE AR 2S, BHK R Tl YV a—r 2 AHD0NET7 v HET LDIDG M EWER E <D
ZEE W UTZ, Keller DJEATARIE[83] TOKFE{L NBR 23 HIKHClX FKM X0 & it
BdEA R oWt L — BT DR ThHD, KFE(ENBR(ELFEAT) DK —/WTA LS EfRER
(ZEEfR DS — M | JEAE R AR | AT BRI R AR & DRGEZAT o722 milD~y R A
A NRBRIZ LD 2 Y VERERR A AT e o To i RT3 3-2-3 LBV THD, ZOFER, T4 T I
AR 1% 14372 4 b (Compression Ratio) fREFLTIY, T A S IZH K 10 (EDFmAiFFo
ZEERRRETE T, HERT AP 1 172 LLFOHA2/L (Test Cycles) TERZZAL, T4 S ITHRR
EAC72WS DD EME D 4272725 C FFRAE (Lower Limit) Z R [El> TV 5,

#3-2-3 ~yRBTRIr b — ViR ERIEZ = EE (155°C) 3BR O B

Rubber-P Rubber-S | Rubber-T Remark
Test Cycles 4.7 x 10° 1.2x 10’
Compression Lower
1 1 10 (OK
Ratio, % WNG) <1 G OR) Limit: 5

Seal Condition
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LL7235, OpsCon TEIR SV TCWARREERZ 3517 5-50°C ~-30°COARIR fE Ik 2% L T
3T AT DT L Z I — LD 72 IR D D - T, D7, T A S ITEGHIHEL
TIL T EEWSITHIECLT, B LIZAK— I OW T, ZHE BT FEBEIFRE
T b TGO CTEES | MAVKIRENEZRRU 2 —5 T —FEH 8 | B
— DOV —EZABICR KB LEDNDLINCT A S 1TKE, T4 T IXRATHRYVLTX
BTEDIDNIL TS,

TAT ORIV ZDO A~ R T ATy AW @ oL, o473 A 704
A7 NVAEFL (PLM) TOBRENDAPER T £ TORLLFHa (Middle of Life, UL T MOL)[89]%
KRIFIIER T HZENTETND, 2017 FEBUELT L T DR —VEALE L= P AT HER
W72 T NF =P UIC 5 RIOHEH T A 2RO BUA TZEAEPER THD, ZDLXI72FE
it (Sub Parts) TH-> T, PLM OB LRI R EITHZEN ML E THD,

326 Ft¥H
SR A MK — VL OPFIVURIEIL, FTA ZHWAIZED, WO U FRIEANZ LA K

S VDR B R S LD BREIAE IMEIK R CTRAELIZ AT TICE DT DY,

b, BEER RO S HAZ TN TE, LU S, RERNZIGIZ D570 A

=R LE ISR CE W oTo, YRR, vV — 3 MM EO S B A e33R I2 8D

IRAVHRZ < e TET,

VAT LAY =TV D DAR WS T 7 0T KOIRIAL T IRAA D = X B et kA

BELIRER., RO mEST,

1) DAR ZMWT, #hg () ICBAT DR AT AT LB LR ETO 5 BEEIZ71T,
falra 7 X ARNEX REFEI T HZL T MHEKOINAD =X LE IR T ZENT
=7,

2) DAR D[RRI 0 BROM R EMFT 228128 K — L DRI
Rz BN D2 LN TET, PR LTRSS — VO R AT 52 L TET,

3) VAR ZHWWTAyR TRy NRBREIC LD RRGE, B Eor DU BRI I D 2 Y VEMERR. 72

(Z6F SR FE S 1% DT AT 1D 2 MERERRIC KD | BFEXRI SR AN TERE L 722 L2 iR C
=7,

4) BrZBRRLIZKFEL NBR OKY—/Lid, thBE I Ua—r T Afbo T, 2ot 7
T OREETAT A TN A7 VEE (PLM) TO MOL % K& LR CT& 7=, M
FUTH R DR ~D xR TlL, MOL JERZIHH T LA 422252,
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3.3 D3UD VYT RRAAMI Y= ILDRNEBFED % R

ERR A — I CIIHBISC T AR DR DT 4 — BN DB EET D, =y
VBAFIZERL T, =R R MEA A U LB R A R T 5 2 2 ITb e b i RaZa
ZITIERBBION RO sZ 727 Mo NS AN — V(LU 7T 72 % T R
I T AR RICOWTIR RS, K=V TlEIT7o 727 b — /U8 24~30 m/s
DO JEHR LD RIENAEL , PR D Tl 2 A FRRFICBE CEDT 27NV DT
I3 % T b=V (LR T a7 W)y T o—)V) b B e D RIEN LU,

BEEOA AN =V BLRT 27 W)y 7 o — BT DT Tl A AL — 1
DEBEDIRHT 2> AT T 4> 7GR TBID 8D, Al FH[90]IL IR ALl D B IR &k G- %
FTA (ZXYHEFEL TRV, Hirabayashi H[9111E i TOIRIEE% Failure Mode and Effects
Analysis (LLF FMEA) [92] TR BRL T 5, AR SEATIFFECTIE Symons[93]1TA A /L3
— )LDV BN LA AL R A2 7R L TUV% A3, Matsushima 5[94]1EA~V w7 A7
HNCEERET 2D THRIZZRNEL TV, Rapp B[95IIEEHEOX YA ALY — LTy
RE AP HEFE T H L REL TR, Vo 7 EOARE A~y 7 AR AL LD
NG I RN HDEL CND, FRK[IONET 2T N T DIT 7% 7 " — TR AT
LAEET YT ay e — VGBI T R CHRLFIEEFFHMEL TV D,

KETIE, @EEI T 7o v 7 b — DT MOIRNRE R 2L, IR OR LD
SN E RNV LI B2 HOW TR RS, FaT Ay 7 — OO R, Vo7 B oA
JEIZEDZ L2 RWHHL TS, ZOA~DXRIREITIR-> T, mEEI 7o 7o v T — e
2T NIy T L=V ERFE LT LR D, REIZOWTIEL SAE 12T CHEER L THITES
[STNCHHE S TS, ZHUCHONWT, VAT AR =TV D7 7 a—F 2k, Vo7 0
WHENERIEALL . 3.2 filCik <7 DAR ZHWAHZE T, RERANICHED T2 /T 7 % 7k
= L OIRAVEE D R AT Lt RAFEFLL THREE 5,

331 EREDZIVIVNI =TT IWIVT = IIUCE UIZRNDOANZ X LD ET
(1) ERERIZVIIvIN - OEE., RNHRELZ)YTOREBHRE GOV TDOIRS FL
D&

BRI T 7 N — VORI E K 3-3-1 (R T, @I T 77— i3st
££ 260 mm. 1§ 20 mm THY, 75273+ 7 L —NDVy F T D5 L ClEa AT K05
HL WA, 770 707 "R T 5 Z LIV LD HDWTIREN Ty 7 LD I RN E
CTAANBIRNAZ LT/ D, DOy 7 BARIEEEHIZ = DU ldEaLR VWIS
VUM ERLRTER 2R o T0d, E6IC, WA LR ITERZFE 1T O Ho8RD (o~
Vo7 R) %3 2OV 7 RKEMNAT T D855 03805, 2OV 7 OIRDEENOFEAIL SysML O 7

56



Inside of Engine Outside of Engine

Engine Oil Air

Metal Spring _ | E
Lip Dust Lip

|
Crankshaft

]
| Lip Slide Line
Helix
(Male screw for

returning oil)

X 3-3-1 &EEEIT 7% 7 ho—LOREAX

IT AT 4 X ERWTHIRT 5,

KMz 2o pi ERBRICEY 2 MEOMBEDRRLIT7 7T N — Ve nEh
1,000 KFEIRRBRLTCHER, WTNDIT7 7% T b — bz DD FEAE LT,
3-3-2 13 VraraA L (LU VMQ) L7 yHAL(LLT FKM) DI T 73 v 7k — /LD
BR1% DV 7 SO EEZ TR, VMQ 770 7 v 7 v — VTR DT 35 & 059 7 035
L FKM 250 73 % 7 M — L TIlRAE I O+ 35 LI s A2 U T vz, VMQ & FKM 275
77 b= VD PRALE RS LT DO IFRIHS T = M OBSINFIE 5y (v
Ty LEHEER) TSIz, 2B RAE O E IR DR RO /T v T R —
VTR BP IR TR THY, = D MO MEE I X5 S HEE L7, VMQ 12fF
FEHUTZRACIE N O MBS FRIZ I 77 7L T D, FKM O A JEL ORZiix
L[ CTHDHTEHEFN OV T H L LB LA B L0 AL TB[97],

2) I=IDYYTDIRD

333 \Z@mAEHAI T I T =N DYy T DIRDHEENEFET SysML DT 7748
TAXZRT, 777 %7 " — L H (crankshaft sea: Sealing Parts) (23U 7 AfF&E DY
7 (Seal Lip with Helix) 23% 2%, Vo7 (3= D AMDDANERICH IS EF 5= 20 (LU EO)
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Lip Slide Line

a) YUa—rIFA(VMQ)A AN —b b)) 7vFAL(FKM) A AL —/LDl
DOV TR R ET T > 7 RENE O IRAL LR

X 3-3-2 KEIz vrof ERBRCRNEREILIZZT 73 %7 hr— DU 7 {45
MDA E T T 7 LR

(act [Adivity] Oll Seal Lip+HelixAction[ OllSeal LiptHelix Action ] I
«allocate» «allocate»
Engine Inside crankshaft seal: Sealing Parts
«allocate» «allocate»
Seal Lip with Helix Dust Lip

: Prevent Dust |:| 2 -
: Flow 7 i ;

Engine Oil [ in Dust
‘ _____ K 5 [ out Dust

!

3-3-3 A AT 7w T N — DY T OIRHEENE R T T 7T T 1K

Z %7 MeDH %M (Lubricate Lip) SH721212, =2 P ANZHIL R J (Return Oil) , 20D
B 7Bk, SMBDDZERE RIS T DU IC AD,, ZDZERITA AL — L DS
(AT 722 AR 7 (Dust Lip) 7B ADD, FENRII O L AR » 7 56 L ONRME AR A 72 B A
MWD BHDHH AN TN IH ANIINBIZHEHE 415 (Prevent Dust) , & 8 #H 272> Ty 7D
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FEEGREEDS B3 TR RF531720 L MIEAE <72 5T BEO DRACMIN LR T 55 %
HD, Ny 72TV O EO AL I 1EH Z #5032 (helix: Boost Lip Action) 73, [Rllkf
(21 ¥ (Lubricate Lip) OZh G HETRL THEZES TR B HHEE 2 LD,

332 YATLAIVIZTYVID DAR ZAVVEY—ILORNKROEE

FANT —INDT —XT I F ¥ DL 2 — T2 DAR T, 7777 b —uin
5D EO Difitl (Leak from Crankshaft Seal) (2%t 3% % FEJE T [ & (Critical Issues on
Harm) | fiifR=17 % A (Hazardous Context) &*FIi3R (Resolution) 4 3-3-4 (29, KA
TV DRI T %7 b=/ UET X7 MEREBPRENO TN ZELS (Section 1,
System - Engine: Leak in Larger Shaft Size) b D T D, UL @& B /2D a7 ANT
&% (High Rotation Speed), 7 =7 VU7 L —/ud 2 AT — /L ELTUEE EE CTH5 (High
Speed as a Dual Lip), )& # T3y 7 BN KD R B K X725 (Section 2, Assembley -
Cranckshaft: High Heat Generation) O C i £ % F (J % xt 3K 2% &4 % L 72 5 (Lowering
Temperature) , > — /LU 7 DR N KE W ETIHILS (Section 3, Parts - Cranckshaft Seal:
Leak by High Radial Load) Z & (2% L Cl, i K72 A7 U7 7 (Excessive Spring Force) 7375 2.
HNDHDT, KKEL T — VDAV fif#% T 1F 5 (Lowering Spring Force) ZE13# 25
ND, FATHIE CTH Yy B L T 2ZE TR AR LT 228 mESTD, EHIZT —

Critical Issue on Harm

Leak from Crankshaft Seal
Designer
1 Hazardous Hazardous Resolution
Section \ Context Context i

System 1| Leakin Larger | High Rotation |High Speed asa| Improvement of High
- Engine Shaft Size Speed Dual Lip Speed and Dual Lip
Assembly 2| Leak by High High Heat High Heat |Lowering Temp.
- Crankshaft Friction Heat Generation Generation

3| Leak by High Excessive Excessive Lowering

Radial Load Spring Force Spring Force Spring Force

4] Leak by Negative Negative Pressure | Negative Pressure Eliminate
Parts Pressure with Dust Lip between Lips | Negative Pressure
- Crankshaft 5| Leak without Helix No Helix Helix? Addition of
Seal Helix

)
Rubber ¢ caking Tendency VMQ or FKM Lowering Increase
Material in VMQ Seal Stiffness of VMQ Stiffness
L 4

7| Leak by Carbon Oil-film Shortage => Carbon Prevention of Oil-

Lubrication Deposit Deposit film Shortage

3-3-4 U5 0% 7 M o— VORI OV T O DAR
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Ny T DRFEPREVRE T, @EHRS T 727 by — VO AR 7 ORI A3 1E
THEENFEAE L2V (Section 4, Parts: Leak by Negative Pressure) Z 2R T DM ENH D,
o, TaT NNy T — T 2 Vo HORERAENBIRIZOR DD M= T F A
(Negative Pressure between Lips) THV, B H% M T K342 T 5 (Eliminate Negative
Pressure) , U7 DAY 7 ZAD372 2D ZmALH [ (Section 5, Parts: Leak without Helix) (Z
DWTIERATIFE THOMASIL TRV O T, ZOMRERASNCTILER D, T2T
N T2 =)Dy 7 2D R E DS BT S (Helix) o AEFDTHEEIZ SV TIE
VMQ @ 200~225 °CIlZ*LC FKM Z 250 °CEEV[98]D T, MHEWED TR
(Section 6, Rubber Material: Leaking Tendency in VMQ seal) Z &3 A D0 ZE R T DB A3
Hb, Flz, VMQ ¥ — /L MERFIZ FKM 3 — /U2 b~ THIME DMK L7V (Lowering
Stiffness VMQ) ZEERRBRL CTVHDT VMQ > — VDIl 7 7 (Increase Stiffness) HaT
TAREPETHD, Vo7 ~O AW LD AL (Section?, Lubrication: Leak by Carbon
Deposit) DRREIZ DWW TIE, ZHa3 il SIHL (Oil-film Shortage—Carbon Deposit) D fEffi=
THXANZLDZ LaAERR L Cxf K (Prevention of Oil-film Shortage) 7% 2 2 BN B D,

333 DAR [TR2IZEREEDZ VI Iv I b I—ILDiRN DX R
(1) Section 1 (Vv T MEHNKREL) ~5(AUYIARL) FTORRET

X 7 MEAENS K ZV O (Section 1, Leak in Larger Shaft Size) ~MDxf %I, [Bl#s5% TS
HZE, HOHNTTL VU FO RIELRE 2 DL, HRER N ZVBIR A LT D8I/
BN TR, LIZR>C, KB RI e ] O T 7% 7 W — e BT 545
DD, TEENZLDFEEN KEZT L (Section 2, Leak by High Friction Heat) (2%} L Tl 1K
BRE O LMV E WA ZENE ZHND, LinL, ¥V — VA= HZE > TRWEFESNT
WO ERIZIZES TR,

=7 DRFEIKEZNT L (Section 3, Leak by High Radial Load) {22V Tlx, Vw7 fif
BENERY — AR REWO LW R T 7 7 b — V&R L T e, 22T, i
Ko — IV EL B —ZOWTHE L2 DU RBRE Oy T ORI EE T/ T, 7T
X7 =DV 7 s 1.0 mm ONLEICEVESRT A EDIA T —EIR IR
% 30 Sy R ORI E &2 ATk R 2K 3-3-5 (RT, 7B, Uy I W EIFZI T 73 %7 b
WRAUTKT T 2IBIEMEREZ R D722 40 N LU FIZ FIF 228 TERV, Rz A1~
A-3 DB ERBECIIS RS OEY Yy 7 8 VMQ (52 N) | ~U o7 A E{RY v 7 faf . VMQ (42
N) . KV 7 il VMQ (54 N) @ 3 f&fE | Uy 7R |5 (Lip Temperature Rise) 13 40 °CoR
il Clolz, ZAUTKIL CTRER LD RV v 7 i B FKM 2 —/L (83 N) | KV 7 fif 8 VMQ ¥ —
JL(55N)., @Yy 7B VMQ ¥ —/L (83 N) I\ Nb Uy 7 IRE E5FI1E 50~60 °CLre~7z,
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z Eng’i‘ne Lip Temperature Rise, *C
Siyine Seal endurancetest] = %° 30 40 50 60 70
VMQ i
0K
52N
A-1 FKM Cracking,
83N Oil-leakage
13
VMQ Helix oK
42N
A-2 T
VMQ oKing,
55N Oil-leakage:
VMO OK ' :l
S4N
A-3 vMQ Coking, |
83N Oil-leakage -

X 3-3-5 B b i BRA N 30 D 7T 7 v T N — DYy IR E A
D E 5 5 (833 - 14~20 m/s., TR 80 C)

INHETOMHRI T 7T b —NZOW TR IR T IR L Pz A
A& (Engine endurance test) 23 THOALTHY, 16K —/b 3 N iLb R (T % (Cracking
or Coking, Oil-leakage) Z/EU, & B2 —/ VI RALMIFT 5 B L OVRAUT AT TR0, Lz
ST, AL DM E LW 7R B R OFRFUZ 40 cCIlIcH D&% R LTz,

WIZITo X TN =NV T BEEAT V7 OFFETER LI 2 FHOI T Iy
TR = OWTHA N — LB A TR 3-3-6 DI v MBERIEETT72-
720 ¥ 3-3-6 a) IR T IO 7 i 8 40~80 N O#iFH Tld) > 7 (Lip Radial Load) &3
¥ 7 MiEJE E 5 (Shaft temperature rise) (3B 357380 N Az 2T LDV 7 INETR T 572
DIRE BRI —EIT o7z, AL DIRAL (Section 4, Leak by Negative Pressure) (22U T
I, MHE TR DHLF ANy T HEH L TWD D TREIFATR Y,

WA ~Dw 7 AD 75 (Section 5, Leak without Helix) 2 X0 IEREIZHIE § 572012, [6]—72
T IR TR — VTN I AFEEANV O T AIRLD 2 DD — /L& W T %7 Malfizfl
(Crankshaft Circumferential Velocity, J&#) #2822 C v 7 MEE EHZRIEL= (X 3-3-6 O
b)o NIVITASEDIT T N — /W 15 m/s BLE Ty 7 NMREE ERAREE T
SELBENBHY, BEELT5EE 30 m/s T 20 COMFERBRNRENEOLNDZ LN DT,

335 DTV A2DN) Y I AFERY TR ED VMQ 2 —/LV (42 N) %, & JE 1E H]
070 w7 = VHELTRIELT, ZORBEA T 7o %7 e — 2O, Bk
TR TCEE 30 m/s DT 500 R DRREEATT S To 1412, IR V2 22
MR 2 AT T2,
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120 120
oy
- - >
& 100 100 -‘\6\'
s o o o
8 ; o
£ 80| g sof > /
2 e 5
2 £ <
T 60 | 2 60} S
2 g o —0
: g /6/-0
S a0} s 40} DA o 1
& o e vMQ-2 sea.x
- 5 4 with hell
20 w 20
1 1 1 A L 5 i i
] 20 40 60 80 100 120 0 10 20 30 40
Lip Radial Load, N Crankshaft Circumferential Velocity, m/s
0t N N = N N M =
a) Uy mEE Y7 MNEE E5 b) VoI ADF L T MR L5-

3-3-6 A AN — VR Yy TR EANY 7 AD N RO W E At R

(2) Section 6 (VMQ Y—JLICLBiEN) ~7 (IR MHTEICLDI/N) DFRET

VMQ ¥ —/L DA\ ME ] (Section 6, Leaking Tendency in VMQ Seal) &1, VMQ o —
IV OZ AN LIZ I G138 A AL B <E IR TORMPE MRV IEE R, 207
. EEE T X T B — VOB EFEL T FKM BREFILTZ28, VMQ -60 °CETH]
REZR Y — /L MEREIZHL T FKM (-20 °CLA T T — /b2 Jeo 7o o S I T&E o7z,

IRAL DHEFEIZ LD AL (Section 7, Leak by Carbon Deposit) {2 DUNTik, =2 P D i
BErT0 0% T M — Ny IR NIy VAL DR EZE T 5720106 Loy
B A S LT R X 3-3-T 1R, L7 3 fHD /T 7o v 7 b — Ui, Ey
TREMK) T R EDI T 77—V Seal A & Seal C, ZL TRV 7 BV v 7 12~
VoI R%AF T T2 770 73 %7 R —/L Seal D Th b, fiilLiz 3 FfHO = 2 illiTfiE =
T (0il-1) | 3.1 HICRPR L7k E RS E =Pl (0il-2) 2B NIRA T v
H(0il-3) THD, @Y7 i E VMQ Seal (85 N) i, A M H D Oil-3 & VD LR i
e Df+ 35 FEA ) (Lip Coking Rating) 28 4 122 L T4 A /LR AL (oil-leakage) 234 L5, Oil-1
& Oil-2 ZHWAEIRNDIEAETHETHRBITA 2 50D 800 Fefilic/es, KV 7 W EH VMQ
Seal C (50 N) I, AT H D Oil-3 THIRIUIFAELRWR) T DRI ET D, ~Dy
7 A4 E(KARTE D VMQ Seal D (50 N) i3 Oil-3 THIRAL DM L2, ~D w7 ZA3EHRO T
ITAET A RN HHE 2 b LYy 7 O IR A R 5729 [93][95][99]. RAILH D
[AEDIRND, Vo7 Bz T Th R E ITIFISIDZENABT R o7, kAL
WAt et L TREIE =2 il Oil-1 EKET P Uil Oil-2 DTN e, LIk
DORERTIL Oil-1 ZHWWD, AR AT YUl Oil-3 1T i Tid i S,

BEERIZBNTDITL 7% T " — IV DOIRINAT =X WL, N> 7 3l g a4
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BUYTHEEL—ILA

—~~
vy}
V)]
o
=
n

VMQ Seal A( 85?) O11-1]011-20i1-3
= Seal A . . v
g Oil Leakage // \\ ST — = <
ol 4 F ,‘ Seal D - - O
= & ~ /
=) (o
4] ~ Q'\
o c o 5 Py \“9
Y v
£ S
i o
xO 2 Q\.‘
') &
» BT RHEL—ILC
) = VMQ Seal C( 5S0N)
—I 1 e S RIE Yy TEEL—ILD
VMQ Seal D
, ( 50N,helix)
(Good) 0 e Y hm0i1-3 "
0 200 400 600 800 1,000
Test Hours
X 3-3-7 =FHEHDIFL I3 % T —MIOWTC =BEO DU lE W5

PV RBRORE R

. 2D P D AL HEREL . ZO BRAL BN —E B L. BICHERE 5L — b
DHO BO RIS EL D EHEESND, IRAUD AR OfERITHIET DU licbH o038, =
VIR T REWE I L, 7TV T R — DT I BT AR TR, 7T
XTI VR AR IR D O B DR A T SN AD G R =T AR
STEZENRAIVEED K TH 5,

3.3.4 DAR [T a7 )WY T Y —ILDRN D% R
(1) Section 1 (Iv7 MENKENWIEICLDITN) ~3(BVWIVIRECLSFEN) FTO#RE

AR DX 3-3-4 1Zih > T a2 5T 5, ¥ 7 MEEPKEWRE~OX R, 7
Uy A G DL TR ITIFRTEDN, BHAAEEMN OB B AL ELRVBRARZELE DI
725, TEENC LD EN R EUNT & (Section 2, Leak by High Friction Heat) (2% L Clid, Rijakd
EBVRBEELRE O LM EHI I TV, v — Ly 7 O BN KEWZ L (Section 3,
Leak by High Radial Load) {22\ CIEE AR T 7 %7 M — /L DB THRONTZF R
AT 2T NIy T L= DRy TR B ZX LI LTz, 72T My 7o — LD RO
ALY 7 I A 975 F T (Negative Pressure between Lips) (280D, Uy 7 DERL T+ 7
IZRNMILZETH D,
(2) Section 4(REICLBFN) (CHTET17INIYTI—ILDIRDEVDEEBREAY b F1—T{FE
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TA7IWYT =L DEFE

3-3-8 I T 2T W TV =DV T DIRDEENE KT T 7T 4T A THD, AR
ZIET 27 W)y 7o — ik, A4 (Automatic Transmission) 750 TM JH OYRIVEBL<Y
+ 7 (Dual Sea Lip) ZBML7=HDTH5, v —/LU 7 (Seal Lip) &7 =7 /LY 7 (Dual Lip)
XD = VA SR E AN 22 AN T T< T2 . Uy 7 D[ (Space between Sea Lips) 73
BN 2> TUH 7 MBI D I NI (Sack Shaft) BIR LD, ZORIEILT 7 M
IERFR LNy 7 e ¥ 7 hED BRI ZEE | ANEEIZ 225003 A5 C (air discrete) fifTH 950D
REZERRIETHD, IEDT 2T N7 — N TRy 7R FIF 528 T, iRz
HOERIS HIER— R THD, HEHOIZT Y ANEDE MW HEE [ OV 7|
LaBT CRIEZZLST TEERE Uiz, KT 77 b — /L TIRRTR OFEIK[96]D &
NPT uy s T a7 Ny T — VR ITIALZ T Ty 7RO A EE LKL T IEL DD
DN LRI O ANETO TN R 52L& BRI TITIMBN DB AR AD R
BHVEITTERY,

3-3-9 ICEH ORI VU DT 2T )y 7Y — L (S8 180 mm, & 25
mm) DX 279, Vo ITHILABRIT 47210 Tl ™™ )y 7 ICiRAVAT 2N E 2 5
NI=DT, Vo7 iz Va—r = 5F =2—7 (Silicone Rubber Ventilating Tube, LA F X2 hF =
— )T T 2T Ay T — v BB LT2[100], Uy 7 ISR E S5 A 35 8 P
(Negative Pressure Generating Place)lZ~\> hFa—7ZAH T, B BIZE @A D22 503 VA
FNTHAREOFRAEZ, BEZE#EBEMA O TM 13+~ holalEx (Shaft Rotation Direction)
(CHES THODAERENZLD T 27 W T o =D — AN > TR T2 AV

act [Adivity] Dual LIp Seal[ Dual Llp Seal | I

«allocate» «allocatex» «allo cate»
Engine Inside dual lip seal: 2 Fluid Sealing Parts Automatci Transmission
«allocate» «allocate» «allocate»
Seal Lip Space between Seal Lips Dual Seal Lip
- «continupus» «continupus» ™ oil
(T, EEEm=——mn, 7 TE e, i P g
[ Fow EngineQil | | | - ReturnQil2 }— _ alr] __—————rey air| __| :ReturnTM Ol | @b [ | 2 Flow TM Ol
in Midde-size I_E TJ | i€ "‘\_1 * Air Supply ‘l:_ —>L] EE’. LJ
@ "egne [0 Y mm e e N
—Jair 1 ~ L - | air ~ |
| I e—C] J [ \ =]
S «coftinuou sy S «conginuous»
1] . L] ] |
|‘_ i _— J { | . air |
«dis¢rete» EO force by negative TM ol fdiscre»
pressure
BB 1 : N —
( :Lubricate Lip | ( : Suck Shaft | ’ : Lubricate 2nd Lip

3-3-8 FTaT Ny T — DU T DOIELAENEFRTT 7T 48T 14X
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— VBRI A > T O WR N A BB 2N R 2—T OB Z R E L TWD, ZIUSILH
[ e SHSER B HLYE M (Standard Oil Surface Level) UL R THhAZ EDNRIHE TH D,

3-3-10 IIWEKRDT 2T Ny T — Ve RN 2—T (ET 2T Ny T — L DA A
N — VR BRIC LR R CTh D, = U il Oil-1 THD, IMEDT 2T NIy T o —

Engine Inside Automatic
Transmission Lip
Side Tt
. Ventilating Tube
(Engine Oil) (TM 0Oil) : i
Steel
Rubber \
Silicone Rubber Tube \
Garter- Steel Shaft Rotation
Spring Direction

g //

Negative Pressure{ _—1
Generating Place

{

Lip Sliding
Lines Standard Oil Surface Level

3-3-9 BRIV RNFa—THEF T AT —

Test conditions
No. | Shaft Seal Type 7 Test hours
size Speed,m/s ]Oil Temp.,°C| 0 100 200 300 400 500
r - ] 1 1 1 1]
VMQ-D1 (68N) | Qil leakage, Coking
1 -
:l Oil leakage, Coking
|
2| A | vma-D2(53N) 18 80 |
VMQ-D3 (59N) | o
3 Ventilated tube ]
4 VMQ-D4 (42N) Thking
16 80 |
5 ! OK
B | FkM-D5 (58N) Oil leakage, Coking
6 Blister
22 120 l
VMQ-D6 (45N)
OK
i Ventilated tube |
= 1 1 = | | 1

X 3-3-10 XU Fa—T(EXTFaT NIy T — )L ERER D F A — LRI &
DFE R (ol 0il-1, TM {1 FlE T™ i)
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JV (Shaft size A) (233 NTlE, iR 80 °C, J&#H 18 m/s THE Uy 7 i DT —/L VMQ-D1 (68

N) LRV 7w E O —/L VMQ-D2 (53 N) I, Wb A A ViR as 4 U R+ (Ol
leakage, Coking) &4 U T e, XU MFa—7 ()72 —/L VMQ-D3 (59 N) Tl 500 FRfi A4
ANVIRIUTIR AR I T 22— 7 O RPBD O,

KBEDT 27 WUy 7 > —)L (Shaft size B) CIHKJE#EAER (16 m/s, 80 C) & & [alizs - &k
R (22 m/s, 120 C) DFBREAT o7, IKJEHRER CHIXY » 7 E DT —/L VMQ-D4 (42 N)
D RALI T 35 % A2 C T2 D3R AL (Coking) ZE U TRy, IR 7R EE DY —/L VMQ-D43Y
Y7 HIPEDMENER T THY | AEIZIV) T BEGICAE CTEELIZIRREIZ R > Te D03 Rk
Wt DIRIK CTHD, REDT 27 W)L — L O EHRER (16 m/s) TIXV v 7 MIPED 5
W7y FEA LD —/L FKM-D5 (58 N) IZREEZ A U703, & Ja E - & iR R (22 mss,
120 C) TlImAb#ft 7 L3 LD EDImAL (Oil leakage, Coking and Blister) 234 U7, Z
DT THRU M 2— 7 M ER) 7 HE S —/L VMQ-D6 (45 N) 1A A ViR & £ L7 )
77,

ORI a—T[ET a7 NIy T — L (VMQ-D6) ZH Rl D HELGREL ., &
b VBB KO AMEDREEZAT o7, £ D% @RI AN N a—T7 (&7 27
Wy T o= VG LT o D e L Tl LD R MR A1 T o 7,

(3) Section 5(AUYD AL LICLDIRN) ~6(VMQ Y—ILICLDIRN) DiRET

Y7 2L VMQ ¥ — /L OIKRIMED [ (Lowering Stiffness of VMQ) (22U TiL, 7 /LR
—PEIMET 2- IV E W31 2 2 S PR TR R&EFIHE R o7, TAR—H
MERHTOEERIZ, FRRONUNTF2—TMET 27V )y T o—A0b TM DT
M~OBE), Thbb A ANIRNER AL, My rar N—Z DRk ORI —E A EE
Bz DEMmE N RUSELRY IR I T 7 %7 Nl O R L ETIZRAZEN DT, £
T, DU VUV EFIBIEIT DG Emr D BB A X 3-3-11 DI EML Tz, 2O FikEREE
EAEYE] @%L’rﬁ%%&%ﬁéﬁb@ THEGEER O IV 73— (Torque Convertor) % 17T
REBRAAT o CD, RS A X 3-3-12 10" T, = P OERHE EE (Engine Angle) 237K
M5 10 © ETIAANVFEH) (oil-transfer, JAL) 13727 o775, 20 LA EDOEARIA ETIE 1
M2 33~34 ml DA ANBEDDHY , 7V E—F TCOF A/ RIIEZ BB TE, 22T,
VhFa—TMEF 2T NI F = DT A I w7 A (Helix) 2 A1 7230 E
Z fERME 300 T UV A EA AN BENTI BRI oT, Ll Bl TR T A AL
=ik A e 3 BIORGEERER T, RNl DX ARSI M 2 —T7 | TE EoTe, N
VEFa—T7 OFEENTRAELTZAIEICIV) T NI O INITERL TODI EB RS,
ZHUTANY Y I ZDIRNR T T (FEF DO FRNZZAUT A Y 72D 7 D 10 %) 128D
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| e

Crankshaft Seal Position

3-3-11 S Eoo o ik

Engine angle | Bonded dual-lip seal type Cil—-transfer, ml/hr
Horizontal Ventilating tube 0
10° 0
20° 34
33
—— ~
Helix 0

30° /“(\
Inducing outside air § 0

Flywheel housing

Stiff lip ; ! ' 0
/
Previous lip_~7 :
2

T1/11=03

£

Stiff lip
EA=05

3-3-12 fHAIE For P R BT AN N a— T X F a7 Ay F L — L DT
ANBE) (i) EO W E KSR
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FANVERIRFICH AN VAT T2 THY AL TERWZEE W LT, IRIZTTARA
— )V —AD I FE TR hF =—7 (Inducing outside air) & E R L TEAEHE 30 °C= U ik
BT DA ANBEN T2 D08, I LA TR EAMETEZR, Vo7 RS (L-12)
ZRL LTy T IES (t—12) 2L U CHIMEE BT 720y (Stff Lip) 12> b2 —7 &1
12T a7 N7 — VRN 30° THAANVBENTAECR N | ZIVE AR O il
LLTz,

ZO—HDFEBRMNS, T 2T NIy T =)L THEAN) I AT A R E AU fERa T
FARRTEDLZE, VMQ v — L ORIIMER I IO A ANV D fER= T AP AEL D L%
WL, DAR & HWZBREIACETOIUE, 2 Y MERER O RNV R AR 2823 T
e EZ 2D, Dy 7T OfEE LT THRLIZT 27 V7o — ik, BET AR —V%
fili o 7= 2 Y MR AT > CTHEMALIZ,

(4) Section 7(VyTADRALMTEICLD TN (ST BELET R R

TV AMD FALAT S 1 BR O LT 40 °CUA LDy 7 MNEE FRTAELSDIC,
NI AU ZD EHEES D, 2T, FH T T RVEZ OHEYIN Th DA & R A
F9 PV E[10]Z T, 2T 73 % T — DUy 7T DIRRAROFHE LR T, @k T
VIURT NN T aT N T = VG T, T I TR — v D)y TR E B
A (3-1) DIDNTERFT LN TED,

AT = f X (aPr + BPn +yPg) X V/d (3-1)
ZITATIRV y IR 5 (FC) | FIRBEELRE, Pridl IO BALE RS Y7200y 7 &
(N/m) . PniZBE (N/m?) . Pgixr T2 2/ r—2ANDEN (T a— A HAE, N/m?) | ViZi v
7 MAVEEJE I (m/s) . diZV > 7 HEENIE (m) THD, a 1TV T ORFERFFORE. g &y 1Ty
TERIZBET 8 CThHD, X AN YT (EDIT T vy — )L TH AN T & v 7 MR
2372205 OPIE 8 kKN/m? L, 727 WUy 7 Tld 20 kN/m? &35, 72720, ATl
FEBARILS DWNE L TEARD 2Tl [Rl— LARE LTS R A— 0 D SeATAIFFETI30.20
At T b, 2. w7 ADBFITHOWTEZ DO RUTHHIIAD TU VR,

ZOXDZ ZITHASNWTK 3-3-13 12, VMQ & FKM D752 737 ki —/L (Single-lip,
OFII@) LT a7 W)y 7 v — L (Dual-lip, AE7/2ITAFD) Ok 4 722 KARER
TR AE PVRIKEL TEED D, XD > 7 fif H (Total radial load, P) (ZaPr + BfPn +yPg
ThD, V707X T7 M — VO AECDHRIA PV EIEHK 3,000 (2720, Zhaiz 5807
VIR TR T aT NIy T U 0T AE (VMQ & FKM) O 74 A ViR
WHELD, ZOZEMBIT o 77 M — VO HEEOIRIE, =02 o MRk
DHEMEE T DRI IR D, TR, T 2T Ny 7o — TR AT DA EITR L Ty 7Rl D
BN X0 QRS Rl v D 20 m/s 25 EEICH L T AEEHKLZET
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300
"6;:,. % QK [Leak
[e) Single~
£ \ o 4 lip: O ®
> Dual-
= % lip A A
w3 "
< 200 |- -é.* 2, (No helix seals)
-] e Q
k- ®
-t .
s %
o
]
[
r
. 100 |-
[s]
E_'
i | |
0 10 20 30 35

Speed, m/s

3-3-13 Flix DIFL I TR — LDV REGE R D PV BRI L AR
(> —/UM'EI% FKM R0\ CiE4e T VMQ Tha, fiEiR—= 2 1l : 0il-1)

r(ﬁ'ﬁU/7014%@%1&/@5?‘6:&75)%%’(3?)5:&75%3@50 j(}jgyfj:/&:/,v7}\¢/_ﬂ/fﬁi§iﬁzj_
HOZAARREHNDDY, PV EIZEDRA R LS TREHRF R T/ 7y vy 7 b — 7
2T AT AR ORI LA LT,

335 MOV IYI M-I OTIGHFEEICL DT B

K DR B LT S T 7o T Ry —ve XU a—T7[MET 271y
T VT ERMEZI, TS CEIES V@R b EIN L T T v T
— L OARFEL) T EERERAIE LIZ (X 3-3-14), @ EE 7T 7o v 7 b — U2 HOWTE,
B L7 10 B3OV TEAA MRS D WIE RIS DA 51372, Vo7 DEFEROHER
D5 HEEELTZ 10,000 K LA B F A2 5 LR T T,

H e DU DT 2T Ny F L — U OWTE, JERDT 27 LYy — L3 1,000
RE LA CY 7 EERED RS ELT=DIZ L CL ULz 4 BO_RU M a—T (& T =
TN T — T D AR 7 BBV E I > 77 (Clutch-side lip) & EEFE OGN
13072< 10,000 REFEILA DTy D ATREME D MERR T T,
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56 3.0
Upper limit ./ Upper limit
®
o 9 Conventional
% 2.0 2 2.0 i dual-lip seal
o Y
o]
s-; o . 1
= Range of values g Ventilated sea
e /o“"-——o'_
% ; 1lip \
o 1.0 F + 1.0 side
= A B/g Clutch Range of
D/ 1 0’—-__6: Values
Engine side lip
0 1 1 1 1 1 E

100 1,000 10,000 0 2000 4000 6000

Service hours i
Service hours

a) R — N a—F Y CHERINE b) FAR—VFTCHERAINEZT 27V
BEE T I TR — D Vo7 — VDU 7 EEFE & DHERE
Vo7 BEFEEOHERS

X 3-3-14  HHEBBOERBEM T LD ORIN L@ E R T 7T e — ik
RN 2 —TFEXTF 2T N T — )L DY PR

3.36 FW

AT, 2 FED VT 72 %7 b — VORI D R RIZ DWW TIRITL TR 21772572,
WTINDOA AN — L OJfb, TP Oy 7 O EE AU 0 AL B R O HE
ENRK THDHZ LD oT, @B T 7 %7 " — DWW TRy 7 i O &
A7 ZBIMZIORIE L, T 2T W)y 7y — DWW TR AEEZBS R 2—7 %
FUTHIR N TE, E6I2, HFfH OB Exr DU B col)y FIRERIEICED, 77070
¥ 7 N — VO A E TN 5 FEERRE LIz, 72, PV HEZHW-IT7 0 7 v 7 v — L
DRRFHFIEEBHF LT,

VAT WARED =TV DT T a—F e N THE L RE LD HEROLEE) THD,

1) W27 070%7 = DUy 7 OERIZ, SysML O7 77 487 4 KA W TR kT
T2o ZHUZID, @I T I T R — v DAY T AD N R A M AR 352 LIc L
D, NIy T ADRE G 3T DA FE) 2L TR RO EOXHRLREFTTE 5B 20N
Do T a7 NI —ZOWTE, Uy I AETHAIED AT =X LI R T 28
INTEZ, ZOMRAEIRETHZET, AN — VA= EDW NI R TF2—T
R TCITAb0 LB 2 b5,

2) DAR ZHWAZETEEFHMAET 27 VI T O DIZ 0 73 %7 M — L DIRLA
N =R BEFHTCETZ,
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3) Z® DAR 2D, mEHI T I T v — )V DF AN w7 D—FEIR AR fci
IR E ORREI DT T2 e bhote, TaT7 WMy 7Y —/LClik, DAR IZXAME]
BepETAY o 7 2L TRPEIZ DWW T DRRRED L BN D0 DT80 | RS 2~ 7
Z B MEMEGR TALZ TM RO RBEIZF AN ZEN TED D EE X LD,
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FAE HEHREMEENRICLDBEYATLOMEDENTES R

VT D FERRFEAR TITAEEN I AN 22 ST U CBR G Yz 5 [ I 2 J 2L TRE
IR LR > TND, DT BN T A SRR OBEMIC Z RN iR L TIRBE A&
K722 A 3 FEVEVETh I (LU /3 A A1) Off A3, 1990 AARIDEBREE Y RO TR EIZ LD
FHATHN TN, 2 T THIR A I A A E L TRE O REZLO S EDMEL
AR &7 D IR DS FE A LR Tz,

ZDXHBEHI DOIRNRBN S IG T DD EH 1T, AR A TFA720 D/ A 4 il
DO BTG T DT L BRI A— D D 7 #H T DI—RBEITV, MR T ey ey
=2 H B CONAF NS G T DTS AT LAOBFEAT o1, ZORER, FHE%ZIC
GHIXIREL TAAMDE I~ =27 /VEAER L TR L, PEL BV 5 ELINICR %R
ELTHES AT DEER T 52 Dar R—3 M BLUCH LW RIS #8228
INTET, UL, —HOR KB L SA AL DE LT OEEIAR R ORBEN R E Tz,

KETIE, VAT AR D=7V 77 7 a—F D& SysML & W THIES AT AD
BEAAN = A L% TR LTz BT A A R R E T DAFEN R RICED A=A L&, 2
DFEHTIZ ZOEEI A R 2 A CSERN2D DX R A EE L Tvd, IRIZ SysML D224
fELTAEIR 7 07 )V ThD SafeML ZHWW T, fEENAR RO 7 X A LOVEDBLENZ DU
TRLk L, bR RAV P R AR E CEZ Ea b D, ZOWNFILFIT5E Synthesiology D i
LELTHHE[63]1SNTWD, —J7 1990 4ERICFE L 7-HFFEBRFE DN AL, SAE Thii LHEH
LA RE[64]-[66]IHE S TUD,

4.1 BRINNAZ R HCx T SR DI EE
(1) BRMDIRERFI L BOBERE) AT HOBRREMADEZE

TR CIIMEZEF D E S AT DO VEB) MO 1A AE B TITOBE, H2DVNEEZET
ICR— A B O I TTHES T CRIEDO A AV ER B ST -BRC, BEICA ALV HL
TERBRGYA B T2, BARIIZIZECE K ~OMBYE Y, DL THLH
RO DFEARE T D, ZDT=, 1990 FARUTAY | KAV AL AR NIA—
AN T CREBR MU X L C B AR RO Z0 S RIS iR L C IR AL AKIZ e DM E
Zb ONAF MO AR R BT HT2[101], ZAULR A O/KE BRIE[102]72 812 H-5<HE
T OITEHRE[103[IC L0 D THD, RT3 A A FF5 T, BIFEITIAL
RN A3 % e 2 CERBE IR A M 1% S L[101], 2002 41213 A A O S LR 23
ISO k& L7 > TUD[104], £7-. BARD Ta~—2IZfHY 952011 D EU =27~V T,
ANAZNTXL T 40 JH H PL EOBREE BRI A L8O A A FRFEL TWD[105],

NAZ WIS (7 V'V OIRIEE = AT V) I3 AR AR A — V=27V (LT &

72



T AT V) 728D FE RSy (BL T HG) 23ME D575, Zaub 0 BT A I LD R BUG

TSI, ZOMWAEY D REF CERRERNAS) LU TIRVIAEND (B E D) [106],
TR E R EFIIR R L G e B AT UL, HEHEGEE LTI ETEDME,
WA 2 EPE DS i O BRI O & BR = AT V% FL I O = TR S A A CTdh- T, £l
FRAEB I L~ TE L2 ENEIX S D, 72201 LW BRSNS K0 AI[101]) DA
IZREZR RN DD T, AR SIS ¥ —R 7 = /) — LB LU EFRT R
> DAL IR OBLE O RIZHIKIDNHY , HebBROmMNT T VX L F AV FRiign (CL T
ZDTP) BEAUB 1k« BEAT EBL 1L AN T K PEBR B A FEPE[107] O BLUENABELE TERW, 75
£ MR AEERI A A AR RN ESHIR THDH, A A M) 72 B IREREE TR
LT EAAMRIZBAFE STV D,

B TAT VO BT E O Lo TUE, JFE ISR DRI (LA & RS EE[108]) 23
AR IS /NS [109][110], Z D7D L2 | JlER 7 Ll EE— 2 DOl
AN DREEZFL T R END D, ZOTMIEDES 2 A EEFER IE K OFL AT K E 72159
W%, ZIVHDBRHMNE | HIRD I A A IR L EMEDMERSHEL G\ IR
7 E DL O D D, BHER TS AT L&D DEERHEMIC, (TOXRE & FIcZD /31
FMERHA TR BEAEDFAETHZLIRD,

(2) MAAREDTOIID MF— LEFDERRE
BRI 331 2731 A2 B -2 stk O il FHBRBE LI BIGRE D BIR A 4-1 O

Q Lubricants Engineer
Ol e T AN 0
~° Machinery Py 9
i <> Purchase -
Authority of Manufacturer ﬂ_ . “ .
Competition Law =] Designers ™

(Pump, Valves, Parts Supplier

Q— Cylinder,
P~ ﬁcﬁmery)
Service Factory—‘?— Test ;?:

Ex R
yd‘-au\ic oil
Environment Protection ”

X 4-1 BRI I 1 D it itk O BR BT &) BAR A DAY
(SR IR OBLR, AR - 1 U EE)
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X CRd, IREBITEEL /2 HErEE ] 24 &) (Environment Protection Authority) 225073 A
D R LT B B (Neighborhoods) 225D JE 6 100 | BERR AR D = — 3 (User) X4
—E A8 (Service) Z1# U CEa%HM A— % (Machinery Manufacturer) (2 5272 %} 5% 80> T
V2, #35 (Lubricants Engineer) |3/ 3A A O 2417 0y =7 M pé AR BiRR R (5.1 #i Tk
i) TREL TEKRELLW, 7y =/ DN B % To7, 7Ry 27— ATEFH N
— L0 G EHE Y (Designers) . RSP (Test) . 0 — B 2 EH (Service) . L4530 Y
(Factory) . i &85 (Purchase) . RN AF D B TE 72 b NTH Y F#EA AL /N —{THIZ T,
b A—71 (Parts Supplier) D1 IS0 DFHEIZ T ZE L CHEMEL 72, ZEF D3 T2 HRIS 1
IR EL TRAELINICAA A MO~ =27 WAER A L Tt T%%W)‘—ﬁkbf/\/fj‘
MOEHAZRIET 228, REREL T 5 FELNIS A TE S T HIES AT Za il

BRI DL Th D, ZOBMKITIIERIN OBEE A— TR L THTEAT > TN
MO 7R 2D | BRI A — I ORI T 5 COFIERE SOV b B 5, X
4=2 13 SN IRALTZ R D A 53 R OARRE AL 1= E F DO RERAE T D, A
AR C B SRS /3L CilfE (Disappearance of Oil-film) 2372<720 | &EF% MR DO 1EE
DIFIBNZ ZDBREEG Yz < 2 e 0D D,

42 BRMNIAA RO REDRAE
TV 2 N — DERUCSE NS T F TN THIIRS LTS 20 $6LL B

After 8 days After 1 month

- Rriree Broken ’ ! — D1sappearances

ofOll film
W g i

- Oil-film

Bio-oil

Petroleum
Hydraulic —
Oil

4-2 A TEAT SR EBY M OKE L TOREE
(KIEAKIT £, K B2 ANV THEEAI A 5 mm JESICU TR E ARG T T#HE)
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A IZ DWW TR 22 21 770 o T, T AT B IZE L2 E 1 METR T (BERERS
1EVE) | = ARSI, BT, FEINRT T D ABL I BT L —F O EEELR I A
FAEEMEDIRA L EMIRE ThD, ZORBRFERO—HEZLLTITRT,

4-3 [ XTI O S FfH A 74 1H (Rape Seed Bio-oil, VO-A) | TR D A T AT /LA 2
(Synthetic Ester Bio-oil SE-A) , A iR /FE)H (Petroleum Hydraulic Oil, HO46) & 1% 18 4% B
%534 71 (developed Bio-oil, S-7) DFEALZE E FEFABR[ 111 DFE R TH 5, I ORER LAY
D AR T (TAN) ORERHZE (L2~ d, OB Tl m R EShl HO46 SRR
PSAAM ST IRIFEAETRELIRNO T, T H D TAN OZAKIEARV N, ZAUT L CRAdE A
AT VO-A I FERFR] T TAN NS L& LSBRIL T2 28030035, BT AT V3 A7 SE-
A 1E VO-A JDIFRALLIZKUA, 150 BRI LARELS TAN 23 2 TREIL L AR D, FEBRITRIOM
T4 CIX SRR A A DM EBY I &0 7N TR IR (L L CRE T AN WA 23S T
AN

4-4 IR D FEFE /A 4 (Rape Seed or Vegetable Bio-oil, VO-A~C) &l DA%
T A7/ SE-A LAMRAERNH HO46, B/ SAA S-7 12DV T, 3 i~ L — R BE AU
W BERERBR OFE R T D, SR SA AT 9 00 BERERS (130 R VRS i /e
HTHHM, BRTAT IV SE-A [THIEME (Upper Limit) 2 _E[A15i8 K7 BERE R A7~ d, TR
INAZ MO EEFERS 1L TH VB ISR ERERH D ER A A MO FFHE TH S, BRINTETH
ASAF N LD MER 7 O EEF BN R ES N TND,

4=5 13T LOREABR[112]DFE R TH D, HEL LT W=RL=a A (LU FER=RV

o 1.0 b= =1 Synthetic Ester Bio-oll
= i Rape Seed Bio-oil 2YDIhelic Lster b10-01
5 VO-A SE:

C 0.8

£ 06 | |

[0} 1

3 0.4 Petroleum Hydraulic Oil
S 02 F HO46
& - -
— 00 .
z S-70il
= -0.2 Developed Bio-oil

0 100 200 300 400 500 600
Test Time, hrs
4-3  THRSAA D JIS Eb 22 & FEBR 2 V2 100 °C T akbngs 5
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NBR) % 4 FHEAD AL A A (VO-A~D) | 4 DGR AT /L 31 A4l (SE-A~D) &
AR VEEN HO46, PRYESAAM S-7 (TR, OB CIIRREM/ A VO-D
LA T AT VA SE-A 23R FUE (Lower Limit and Upper Limit) 2 KE<HE X, BAFIZ
KD RFEHE I (Volume Change) 73420 T ADf# & (Hardness Change) (3K F 7%, 20729
RN TS V2 Y — v AR —AD T A E DR FIZL DA A VIR D D3
LT,

Developed Bio-oil S.7 Qi === =g
Petroleum Hyd_rau]ic HO46 _‘::I:Z:Z:‘:Z‘,Z;-:‘:»; it
Qil
Synthetic Ester ‘|: S E-A SRR 2REREREE 2 8 .,
Bio-oil S E- B 5
2
VO-A S
Rape Seed . ®
(Vegetable) VO-B B =
Bio-oil §.
VO-C 3

0 20 40 60 80
Plate Wear, mg
X 4-4 TR SA A O BN 632 EEFERBR O T
(TEEE SRR 1.5 m/s, 80 C. 1 HH)

Developed Bio-oil  §-7 Qil —
Petroleum Hydraulic HO46 Lower Limiti e ' Unhet e
o [ SE-A : T
Synthetic Ester | SE-B . 7
Bio-oil SE-C ‘
- VO-A i s

Rape Seed VO-B
(Vegetable) A VvVO-C

Bio-oil
VO-D

]

-40 -20 0 20 40

Hardness Change, Hs | B Volume Change, %

23 1

4-5 TR ASAATHOK =R /L NBR O {EREROFKE 5 (120°C, 70 BEH])
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0.20 it 1 o, 0-20
_g HOQ46 (Petroleum Hydraulic (il) = HOQ46 (Petroleum Hydraulic Oil)
‘FO ‘}:C_)
g 0.15 | SE-D X 0.15 VO-C
P )
= = VO-B VO-A
€ 010 | SE- T 0.10 |
.5 0.10 S\%A % :
L =
G 0.05 b O 0.0o r
ped : SE-B 5
S S
"g g 1 1 1 1 1 1
w 0.00 1 1 L 1 1 i & w 0.00

20 40 60 80 100 120 140 160 &) 40 80 B0 100 1e0 140 150
Temperature, °C Temperature, °C

a)Synthetic Ester based Oils b)Vegetable Oil based Oils

4-6 TR A O — SEEEER O FE LR D I E A IR

4 =6 [EHEE—ZHICES I TOD IR ROBEE 7 L —F ~0 /A A 0D 5B A -~
TAERTHD, EHODHE LT-~A 7077y T ilBR[113][114]% W CTEEEAR 2L (Friction
Coefficient) 2| E L7z, BT AT L/3AA4H SE-A~D, A/ A4 A~D Wb A
R AEED I L0 KIEICEEREAMEL, BEHT L — 03 W ERiER S5, & il
TR THE T AT VAL AT A MR EE O 12 OT L —FL s BiE
T =X DNV R BED LTI e o0 B IR R S BB Th -7z,

ZOMUZIABDNI T2 ST A A O SE O R AT SIS 2R AT D28, T 0l
WO FHE OB REZRI T, AMRIEBMESUGL TR A RO MR -% 4
CAZETHD,

INHOFEND, B ENE, BEREDS 11, = SIEAMES 1L VE | BEERR B 12 LA E D IR
HCRME LD ERMTAT IV SE-A % FRAEFS JOVZ S MR C IV T v M L A R
ELTRELTVD, ZOAERKTAT /L SE-A (X, BRI A— B OB 721 7L, i
A—INTHIRIEL | BRAEE S HEMERICHE L ChHHZ LT,

4.3 BRIMNNNAZ IR ST BREAERADH KDY +UA

PNAXMZEH FTREL DI E S AT L& BAFE DB/, FEPEZAX, FTA, FMEA 728
TERDFIEENNDZENBZBND, ZIVODIENTIZ IS E | A MITHE G 3D Bk iR
T HMET AT AP O (LT 7 VAT L) &, FEFHELT 0 2/ N — DK BT
FHRIOCHYF R FOLERVBARE T LTz, N A HOEH R EL TO A A MO
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M~==27 VOBFIE, ZAE D SEORIEIT L TR COfE I EEZED | ik
PSAZIMOEAZ B FEIX 5y LT, ZORMI RO E L, R R #2208 TED
FTHEREL 7o REDSIREL T3, BB O WES AT DAy K= MUY 7 V2T
L) DHEAMZEAT I EN LA ED D, ZTNHDOFEEIZ DOUWTIL, A A MR K 32 ke
DR R Z AT U CRER GIEEE M LT,

£ A1 I AAAHOME EOMBE R No.1~6 &, TNZFUIKL TT ey =/ F—L03E
W2 ED TN L 7= 22 %] 3K (Short-term Countermeasure) &, /NA A HIZE G 507
AT LEBAR T DO FEAZVEY B CEEE L7 K #% 3K (Long-term Countermeasure) & % &
DIZb D TdD, HIl O/ SAZ O SVE OFRARE R &5 COMBRIZE SN Tv=2T 1
(Machinery Operation Manual for Bio-Oil Use and Recommendation of Bio-oil Brands) Zf# &L
7o BRI R EL TIRAVE O/ A A HEEIN O I ZE IR FTL 7228 B S A A — 0
(Bio-oil Supplier) 238t 4+ 24 &) (Authority of Competition Law) ~~ == 7 /L Dt Fr ik fil 2
FZDBENNDDHI-0 Efi L7270, ZOT20F 4-2 DI, XA TD SVE 1 (Quality
Grade) |Z, IEHAREO IR - T (Oil Temperate, Pressure) DillBR, A A /LA R o KA (Oil
Change Interval) 725 QN B S5k 3 O HELEEEANIC OW T D~ =27 V&Rl LT, 22—
KISEATE D R E M- TVWD, 2—FIFIZOHELZ S B LU TRRVESH 3 ORE RSO
(Z7RHRIFIFON TN,

WA BRIN LIS D Z2IN 72 8 D — s E 721 XE N TH A Ao A 2R 35—
—ICdH o7 7odIT, H R T 12 (Japan Construction Machinery and Construction
Association, LL T JCMA) T 4-3 (/R T IOICBERARIRH O34 A #s (JACMAS BO
Standard) & 2004 4E(ZBA3E L7-[45], B JASO EO OB H|E DHL A% Z D EEHNT
WD, SREILATER 472 OMEER 3 LLEEL T, MES AT ATEFER AR EIIZL T
%, FFH (Author) (ZIABENEVDZE B R THY WER 7T BIORAT L —F 0B 7 ik
DERHTRHE LT, ENEER A — 7 (Japanese Construction Machinery Manufactures) 37
JEAR 7 5Bk, A A— % (Japanese Oil Suppliers) (B {EHFER T IE/p S a2t L7-, A B
A—77 (Japanese Car Manufactures) E{ES 1 A—77 (Global & Asian Oil Suppliers) i3, K[E
SAE 77 Z B 23 (SAE Asia Committee) TOHIAE DER O (Requirements in Discussing
Items) %38 L CHLAK fil E12BIH > T D, ICMA D /A Al 4% o i i} (Utilization of
JACMAS BO Standard) D 751, =P ~ORUKIE G/ A A EHELE T 52L&, B IZ0E
A9 HHIE A4 (For Genuine BO and Recommendation to User) 2B 3524 Th b, =
—PIIHEES D/ A Al A AE L C (Use JICMA BO) LS AT LD HBEAFL< L3 CE S,
ZOFFE DA T, EN TR B 32 @i iR 2\ T T A i S
NTWDRE KITAEBZRITRDBDEEZHND,
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FK A-2 SAT MO G E FRRATT EHEDE D iE iR S

uali : Oil Temp., | Pressure, |Oil Change )
QGra(;Z Base Oil °C P MPa Interval, I%rs ParkingBrake
1 Rape Seed Oil 32 max. | 1,500 max.
) Rape Seed Oilor | -10+ 80 Need toStick
Synthetic Ester 35 max. | 3,000 max. |Caution Plate
3 Synthetic Ester -30+ 100
4 42 max. | 5,000 max. [As Normal

F4-3  JCMAS SAA O BIASAED ORI E BIFRA | HlETHEN 2O QNI T IE

JCMAS Bio-0Oil (JCMAS BO) Standard

No. Stakeholders e Discussing Utilization of JCMAS BO
Providing Test
Items Standard
Author Pump Test, Wet For Genuine BO
Brake Test and
Related Tests
Japanese Construction Pump - Al Recommendation to User,
Machinery Mft. ) Tests For Genuine BO
Japanese Oil Suppliers - - Oil Tests Manufacturing JCMAS BO
Japanese Car Mfr. - - - Use as Reference
SAE Asia |Global & . Manufacturing JCMAS BO
Committee |Asian Oil Requirements
Suppliers
User - - - - Use JCMAS BO

FEHIIR Coho N \AAMEFH TR T2V 7 AT ADBFIT, IRIZH D% 5%
P> TETORRRRIT AL TR L 72, No.1 O IHESREEAMEW T (Antiwear) (2% LTI, 4
MEZR B R A LK Tl 01T, Hilise AV OE (T FE) Z 45K 75 (Expanding Bearing
Width) 3% FHEE 21T -7, No.2 DML L EMEDIESIZTONTOY 7L AT LOY R LB
DT, AR RIRIT A7 o7z, ZHUT DWW T ZIRT5, No.3 DR E A1
AEFHE 7 L —F D L7 (Friction Coefficient, Reduction of Parking Brake Torque) (Zxf L T,
T —F AT LSRR T A TH R WML &5 42T 581 EF (New Brake Material) &
BIZE L TR A LT, No.d4 O/3AATIIZLEDT LD (Rubber Compatibility) (%, Z7urm 7L
T (CR), fE=RJ/L NBR 72 DIREEZZF LR TFTIHH[66], I T, ZILHDOR—AEZIT
VIR ES LEREC DN T EPEO B E =RV NBR $5\ 37k 1L NBR (HNBR) 72
EDOM'EIZZEE LT= (Change Rubber Material) , No.5 O {2 VEEhH O USIIFI & D S TA
UB7 4V 45 ED (Compatibility with Petroleum Hydraulic Oils) (2% L Cld, FHIxf KD /A
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A~ =27 G L 7oA A VA FIAO B CRBEZ IS ZEN TE L LB 2 BT,
LoaL, Bl TOA I RAEEND O S A A IS AT DAEFE T, WA ARG L THE
RTANZFEED DRI LT-O TR IS ROFH R LELIR T, ZOT28 | /A A A Ay
LI Ha2—WiT, T LG T A A FRIEL THifT3 % (Factory-fill of Bio-Oil) Z& 12
FOAMREEIMEDREZHSIEE R REL TEMRLZ, No.6 O FHlDE &
(Anticorrosion for Bronze Bearing) (Z- DN Ti&, D4 @A #72 E 2N 2 CTllsz T RE
HEFFLZ2 DI R US ANk B il & M 2 2 B L7z (Improve Bronze Composition) [115],
No.7 D/3A A DB (Antirust) A & (2 DWW THEAEBYIZ 27 NEE~D B 43255 (Antirust
Treatment) Z L T\ 5,

NAFMOBAL L EPEDARSIZON T, & 4-4 OIS HYIFAE D ZE 4 (Oil Color
Change, L) 722315 TORIBEIT/R > TV, $hF Silih=z DFh¥s i (Lead Corrosion of
Bronze Bearing) @ FIHEME[72]H 8 2 LIV COBPEII /2 ~T0, 20T FEHEDIT
— DA AV AZHLRE ] (Reduction of Oil Change Interval) O3 CRIEIZ /W EHIBTL T
Too BHIPIREL TERGIT, dESH 4 2 BIEEUTCI L EPED @\ A 1 (FTd OB
FeSAAM 8-7) % HARE W TBHIELT7223[65], BRIN OBRBE R IERHI[105 IRV %G T&
FERMN~DBANTEIRD 2Tz, ZDHBIT, BN DATMA— D L7 a— ) UfIEH &L THL
<AWEFR 4 OAAAMEILFEBFEL TEAL TV,

ERED—EDORERITHIRDRIENE Z > T D, BB OB Tld, A4 HIZED
HMEASVT OEENA BAAEL MER T OENARRE, MES IV Z SN EMEE—4
728 OREENS TS/ > Tz, ZHBISKT DI &R R DIE, SR AT DRV EE LN
THAETDERER (LU T2 AN LD LT OE 5 LEFENRE SN cb OO,
AWM EDBE B2 BERMEIIR IS TR, ASAA ORI ETEDMEWZ LT, il
CREDZ Y I— AL MEASVTIZZUAME L THEBIAR RARZ T 2805 2 bAL7ns,
TEENR BA AT HIE VT ORAERE R TII Ty I — DB T8> T, i R, /FBI R
ROBGUIN FEST= IR Z T8, E V7 OEE A B O JRR DS RIIS VR WEEITR >

R A4-4 AT O WAL o R D JFUK LR 5K

Probability of Failure Cause Generation of Short-term
Failure Failure in the Field | Countermeasure
Oil Color Change |Unsaturated Base-oils, Yes
Inadequate Anti-Oxidant Reduction of Oil
Content Change Interval
Lead Corrosion of |Lead Corrosion by No (Ref.: Table 4-2)
Bronze Bearing Oxidation Products
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Teo THUTEDASAA T & T DREBREMMO BRI E T DT ELRD T,

44 IATLERORRABAERERE

B2 IR fERIR A FF AR E D ASAA D, 2DV T 2 AT DI SNDMES AT
ADMERREVICENET D2 LT R 32 MBI T HE TH D720 | 1ER O FE TITRK ZEH 23
WEECTHD, 22T, VAT LA V=T VT [5]07 7 a—F|TH-3& SysML (IZLDHV AT
LETNVOFLRE AT, ZO RO RIE O &6t IR OB 23 AT, ES AT LD
FEARAH =X LNZDNT SysML IZEDV AT LAET IVOFEIR LIz E T, A lEERETS
FENAR RICED AN = A LEGEIT D, ZAUTIVEEIAR RABI SRR BT T,

VAT LOVAZ BT HEE53HTE SysML i3 2 [116]-[119]23, Aba=2 A
TRy, #IZ2E72 8 DL B TIThILTWS, ZOHT Biggs H[119]1% SafeML ZH\WAZ4%
FEEL T %, SafeML 1% SysML O L BIFMIZFH LI IR 7 27 7 AL THY , T AT LDV
27 BIREDYV AT T DT TFB . VA7 EFL O R4 M 3R T&5[120], 20
SafeML % W52 &I KVEBN R RO fEfR= 7 F AREATNR Ot RIZHOWTRLIR T& 5, 22
T2 ST AFB DR BMEICBID I BB A7 (1hilk) 25 U Chofé okt R E
L T2, 7235, SafeML DI HWHZFRIL, SysML &[RRI R FEFLR &S5,

BRIN D 7 3A A RS &L ERREE A TS A7 AMZBRMN DS A AT ZAE 57201240
LHEREDOERE | [ 4-7 12 SysML OER XA AW TRT, BU =27~ LB ko A4
i~ EK (Buropean Bio-oil Specification) |%, FTE DEREEMEREZ D/ S A A2 H (Use of
Bio-Base Oil) Sl #7204l (Additive Limitation) 2 V52 ETHH[100], ZD FEiHD
FEMEDDIZME S AT AR LC S TH H O 23K (1) Bearing Improvement against thin Oil-film,
(2) Proper Oil Change, (3) Brake Torq. Increase, (4) Oil Proof Rubber, (5) Exchange Manual) | #s
AN 51E 2 T B D3R ((6) Antirust Treatment, (7) Corrosion Resist Material) 23 E.& HHX 315
DT, 4.2 AR L - AR REBOL S T A A O SEIZ DWW TERIT O 72V RS
T&ED, Fo, BRI TITE S BRI L TR S EMER RO R b TR
7eKFRIR T DT LM TED, 72720 | IRV ER L2 EME(Low Oxidation Stability)2>HE X HE 472
WY 72 A VA HARERE ((2)Proper Oil Change Interval) 1%, EH#XI R T/ 2 ilBr 9~ XiH
JERERR DX R 372 e BRSNS,

IR AR (KAL) DYV AT DOWHTENT, T CIL 2 EORK 2-1 1T /T 48T+ [X%
HWTRUIZ, Z2THEL MEVAT AOERA Y THRAND A =X L7 (X 4-8 IZNET By
I X% AWTRT, = 77 (Engine Power) (ZXDIHER> 7 (blockl pump: Oil Press
Generation Subsystem) ZBX&EL T, &£ (HP_oil, 35 MPa) &HJ+ (3 MPa) D/ A =2~
(Pilot oil) Z A5, AL —F L/ L7 (block2 valve: Oil Flow Control Subsystem)
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req [Package] 0-Requirement [ Bio-Oil equirements and derivedReqt o hydraulic system ] ‘

«requirement»
F{European Bio-oil Specifications

«requirement «requirements
Use of Bio-Base Oil Additive Limitation
Id ="94.1" Id ="94.2"
Text = "A biodegradable-base cil has Text = "Oil additives are restricted to
following properties; protect earth-environment. This lend to
«derive Rag» (1) Thin Qilfim. «derive Reqt» generate following properties;
(2) Low Oxidation Stability. (6) Low Anti-rust Property.
(3) Low Friction. (7) Possible Use of Carosive
(4) RubberSwelling. Environmentally Friendly Additives."
(5) Reaction with P etroleum Oil Additive." -
«derive Reqt» «derive Reqt»
«derive Regt»
«derive Regt»
«deriveReqt»
«physicaR equirement» «physicaR equirement» «functionalRequirement» «designConstraint»
(1) Beaiing Improvement (3) Brake Torg. (5) Oil Exchange Manua (7) Corrosion Resist
against Thin Oil-film Increase Material
«functionalRequireme nt» «designConstraint» «designConstraint»
. (2) Proper Ol (4) Oil-Proof o (6) Anti-Rust -
! wverffy» Change Interval Rubber averifyn Treatment sverilys
\ «verify» «verify» «verify»
«verify» S
«testCase»
«testCase» «testCase» Wet Parking «testCase» «testCase» «testCase» «testCase» «testCase»
Pump Test Motor Test Brake Test Seal Test Hose Test Oil Change Test | |Oil Tank Test Pump Test

4=T  BRIN DA A MR IE ST AT WMo 2R 2R3 2K

DAy k3L (block2.1 pilot valve: Pilot Valve Device) 241 L C., JHEAR 7 DT D
FHEL A1 7317 (block2.2 main-valve: Actuator Moving Device) D#{EEITH, A1 /3L
TIEE MO TR, R ER DN E A ZHH T 28D 2=y MNrblieo T, filiisir-
15 = (CHP oil) 1%, EEM A B3 Y7 2 A7 A (block3 actuator : Work Component
Actuation Subsystem) F O/ EE—4 (Hyd- motor device) £7= 1MV 4 (Hyd-cylinder
Device ) ZAFENSE 5, FENVZIC @ EMITAA S VT T DR S TR E
(LP_oil, 0.1 MPa) £720 A A NAAG 72 A7 2 (block4: Oil Feed Subsystem) (2 A%, 436
DEEEERGMEIRPUC LD T AL L6 12, mEMAMEE NI 2 2RO R BN LR L EA-T5
D THA N2 —7F (0il Cooler Device) TMEIT 5, ZDT% | REMILT 4/1-% (block4.1.1 filter:
Dust Eliminating Unit) {250l H 2 AN B S AL)EE 47 (Oil Tank Unit) 12525,

45 FEEEZEROH iR

(1) NMMAHDEEALZRITMETTIATLORY T NIVTEDM) DR EEBAEANZ X LORRET
NAZN BT DAL ZE EPEDARSITR L T RMIRIR D S TEL T, fFEIRRICH
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BHUNRHHEE 2 HND, T2 T, MES AT LOLEEIR B OJRIK A FfiET 572Dz, EDH
T YRT LD T MBS D E A BN T B LB D -T2, X 4-8 OH TR LA
T RS S WY T AT MTAR LR LS R WVHER ST THLD, A LT
(block2.2 main-valve) DV MNIVEERE A TN )97 A7 A (block3 actuator) D EE—#
EMET VU FIZBIT AL D AR O W TR EI S LTy, B G121 8 B
IS NARMR T 2 v L E ARG EARY 7 (21 MPa) CIREEHIEZITV, S UZ 7R
77T 30 ‘CLLEDIREE A (R 80 ‘CHOBEE 110 C) T5ZLa HIML T, iHizsi
DTFET DG EWEYEREIZEY 1,400 “CLLE (35 MPa DIE) D7y MAR Y MM AU T
DA M Z MBS D7D [122], SAATHDBERILL TTY I —ITR D EHEE TED, 72k, =
VU DEARNAV T EE LT T —b  ASAF MO T —LERO L FREE O MITEE
TRV E S W[11] ThD,

BRI B ABEIRO S TOY T L AT AO T RLF —H T 60-75%[123][124]i
BT DN, BEHDLOFE TIZTOIBMER T DK 15%., A7 VT DK 25% Th-T-,
TR —HRITIED EFANZ D72 BDD T, A 7307 WORENHERS 7 LU I
WIEALHDLEHEE TED, T AV T NI @Bl A EEO R ICHEH T 52 =v
WI—T ) 135, FEAEBIRHEN N N CREAEZBOBRS K2 LI TS AT AT
RIS TREETHE S V7 LI ET— 2 OB IR L ELE | REIZ2EEMNYY
— 7 HNBIREDFANEAGY 72 27 L [E]# (block2.2 main-valve 75 HD H D LP_oil
[E] ) IR S, BB = L — REZ B S LD, ZORRAET DV — T TOREE
ZR (4-D 1251 HE-> TR T D&, HIRIZH 100 °C (iR 80 COFE) L2ilER 7 D
iR E[F%E THD,

H=1p-Q (4—1)
ZZT H ZV—7 3603 EE (k/min.) | p 1TV —7 1 (MPa) , Q 1FVV—7 i &
(L/min.) TH 5,

A PEB[126)1Z A1 737 (block2.2 main-valve) DENEZ L 2L —Tar LizZ &k A1
VWVTINGT 7T 2 —# (block3 actuator) ~O &L OFEALD A EH|ET 5 2=y T
HZ X —HRIFV) =T =y "R TREINIEZRLTWD, ZOEEHOWEILD
JF A9 5 2=y N CIEA A UWIEFEE 100 m/s L ETHRAT[L] LWFvyET—ar
T, ZHUCIBEA NS DNTIR IR A NE LI 85 shic bR 2 A U2 AR H 5[ 11], 2
DI LNF Y ET — a3 TIEAIED AAEEIZ XY S - & EH (R 4,700 °C, 100 MPa) D
Ry PR MI2TIDELDHES VD, A3y RARY MNERAD ASAF T 4-9 OIHIZER{EL T
VB =T D EHEE SIS, Ry FAR Yk (Hot Spot) D H CIIIEFEA L R TIRIEE THfES
DD, HOWITIABEIRIE TIRFRE B DT AIZEE) D (Hydrogen, Carbon and Oxygen at
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Hydrogen, Carbon and Oxygen

Hot Spot at Atomic State
(Cavitation => 4,700°C or Combustion State
Air Bubble Adiabatic

Compression~ 1,500°C)

Radicals Generation
Oxygen O- .

Hydro-carbon CH*
(=> 500 °C)

Liquid Phase LR R
(Strong Oxidation)
1 pm~ Several mms \ Other Oxidation Products
ﬁ

4-9 WrERVEHGE v E T — a2 DA DTy 1 — AR OHEE K

Atomic State or Combustion State) [128][129], s> MAZ NEID TIEZY A1V 034 %L (Radical
Generation) , % D #M i CZ 5 — (Lacquer Formation) & % UM Eth @ Bk 2E 5 4 (Other
Oxidation Products) 23EU%, 728, MIIER L 7N THFvE T — 2 a A LA I/ N
MHBIEAETD[130], ZISDREND . F-IHER 7 EHEASLV T TIy I —n LA
xRN TET, MEE—ZEMET VA THTy D — BRIV 2D, WTih
BARBEFE T IER L 7 LA 7SV AR, 38 BT IRER] F lEE— & 23 e A5 o [aldis
YIOEEZ B ICF Y BT — L a (KB MEA R U7, BUEIRME L7 otk B TR Eh
TWD [123], 2O MEET—XEME VX TOTy I —ERIT D7 HEE TED, 4
FRULT2 Ty 73— 13 S A A ZEE TR O TT VRS AL, 74V HEED D ER LD,
(2) MBPHAANDFRE . JIVACLBBIRELTHERI R BADEE DR

4-10 \ZHEZ 7 TN ET ) —FOMEE R T (X 4-9 block-4.1), 71/L% (X
4-9 block-4.1.1 filter) | ZAXE 2 20~100 @B ST DI E TP F ANAHIE T2, HEE DD
FHRR TIIIER DB m—2A8 (1K) D7 4/14 (Filter) (38R C 5 pm 2L B4
A% 50% LA B CE D, ZIUSLO MRS ARORLT-EE () 1L TS AT AT B LS
o ERELL FICMAbhd, 74V EREEEVE B RELIedE, 70V ZHNA 82 Fp
(Bypass Valve for Filter Protection) 73 B\ TR EMIZ 7 4V 24 @0 T EHEZERMEZ 7
(Hydraulic Tank) IZ ADRREHTHDH, 74 /L 2 MR NTIH 14 ARDIHIEE B DR EFE I
250~500 K1 TH D, ANRO LI HFZ AMNISE L ARNENE D4 BEFEN DB D, S
A ANTIEZ > 71335 ST 7 4 V2 4& 7Y — 3 (Breather) [131] (block4.1.1 breather)
MNH, ZER O A LRI B EZIXTEKEL TR AT D, 7V —HF D7 ¢/ % (Breather
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Filter) |3 —[BlDIE7Z 1T 72D T N ARDRAZ ST TR L AND — R &7 > TD,
ZDTANRNFIFHAN AT 4N Z LR BN 0— A 2l > TUND, SMBE AT BRI T
(XAANVARE, TANZ ML, WER— ALY T AT DOEFRRECHIR AT 5,

ZOTDMHF AMNIIWE R ROER (%) | B4, HDWIEEBEREN Th o ek
L2 E ORE (1 —AMEEE Hv 600 LA E) DRy 233 F40T0D, £ 4-5 13l AN
DUV TDIEEED R (Upper Limit of Particles Number, Cleanliness limit) [132]&. #zf&EH3
A2 U7z e R B Al it = o A7 2 oo VR Bl il oD #LRY Y 72 35 ¥ FE (Example Data of A Failed
Machinery) D # T 5, iEEEORFEEZ DL T LT OFEEICEIDIEB) R B EE
FEARTIRK LR D[125], A7 VT e ay bV O BN OB IEEL um~30um
[11]THLOT, IEFEIRE N TH - THIlM A ANIBREICADAT A, Ry 7 REG%ED
72RO FI T & AR BTG R D FR 7 f51ZEL TD,

Breather E Filter

- (Diameter:120 mm X
Breather - i=-—,j ] Length: 300 mm)
Filter —L |l
Air and Dust
L .
Low Pressure Oil
‘? —
] \\\
| Bypass Valve for
R Filter Protection
Hydraulic Tank
k (200 liter) /
|, “" | To Hydraulic Pump

4-10 JWEZ L 72T 4 NEfFET T —F ORI

F 4-5 MES APORIEEAEORLF 5 (5 ) OIRFE L #fs23 58 £ LT (B h kL
F-E D s

Particle Size, um| 5 - 15 15 - 25 25 - 50 50 - 100 >100
Upper Limit of Particle

Numb L 500,000 32,000 4,000 1,000 100
umbers , m

Examlpe Data of A
3,490,150 | 96,990 3,120 140 0

Failed Machinery, mL"
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46 FEBICEDIHMEVATLOIRDE DD fE
(1) MEYATLO—HEHIBIRS LV DIKR

A-1ZHES AT DO EF RO BN GRS T /T AT A MaRm T, %7 77487 41X

EXRRRDK 4-8 DY 7L AT LD T ay 7\Z—E T %, MER T (blockl pump) (3 i
(HP_oil) Z )£ /317 (block2 valve) (2350 5, AL —Z I3 lE VT HH#A/EL T, /A
7y M (Pilot_oil) (2K AN T OFTEEZATV N, 5 I O FEALD J7 1180 2\ N 8 2 i) 1)
T2, ZOHIEHS Iz mEM (CHP_oi) (2 k> TMEE—F T MED Vo FREDT I F =
T —4% (block3 actuator) Z 89, ZAUZ KD /EZEMERR (Work Component) 23F&E) 3%, 1FZEIC
il o 7o & R M I R /S L 7 2 LTI (LP_oil) &L TA A VLG 7 o 2T 24
(block4) IZ Y, B HIEH T (Cool LP_Oil) . 74X THimE (Filtrate LP oil) . 1&1H72KE
JHi (clean LP oil) ELTAA/LH 7 (Reserve LP_Oil) &% CHHER S 7 IZ AV FHOE LS
%o 1120 ARIRARBREZR & /S A A O K5 BE 23 R W IRFIZIX T ¢ L 2 22 E 53 i< 72D (filtration
pressure => 0.15 MPa) . 7A/L& D/ 3A /S ZFp 03— KR BHL , ZAUZ KD A A7 410 %

A7 (Bypass Filtration) | #ill 14 AN G A TS EFEA A N2 27123 % (contaminated
LP_oil), 7233, ap@ht% 30 /3 FREE TR 60 CLLRIZ EA3D728 , ZORITAREmIET v

IR T DI T ARD EITE BT T2,

act [Adivity] Activity of Hydraulic System [ Activity of Hydraulic System ] ‘
«allocate» «allocate» «allocate» «allocate»
block1 pump : il Press block2 valve : Oil How block3 actuator :Work block4 :Qil Feed Subsystem
Generation Subsysytem Control Subsystem Comporent Actuate
Subsystem
|
—L Filtrate LP_ o:l\ fetee]
clean LP_ .
air/fust
clean LP oil | «discrete»
- [ : Reserve LI oil Jrl {in breathing : Air
contamiated LP_of [filtration pressur
( : Bypass \_| =>0.15MPa]
J Filfration
Pilot_il LP_oil /
r :j :Cool LP_O
\ v
angine poter o Gl WD o i CF oy
- = [ a1: Gererate Oi |az Control — uate tput forceforq. [out :Work |
inpower :Enghe Pressure | | OiFiow “— Work Component | o e | out < Work
) e L ‘ J bl 'I Components
. - = ~ T ’_: . A
QPilﬂt_oi! % CHip_oil
; — operator command force
in : Op = |

4-11
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(2) MAHDERIEICLZHEIATLOEBFT BOIRD FV\DRREHHER
NATMOBIN LD Ty I — DR EMET AT L TOIRDIENET 7T 48T 4% A
T 4-121273 7, (a) RS B3 S72iER Y 7 Tl KIEOWEVEREIZ LD T 1 —03 &
Mz A R E 41D (Generate Oil Pressure and Generate Lacquer in HP_oil), 71 —% 5 A72 &
JE3H (HP_oil + lacquer) [ZH SV 7 NIZHEALD, (b) HIESL 7 CIRMLW v T —2ay
DAL TR FIZT > I —23 4 pk &4 (Control Oil Flow and Generate Lacquer in LP_Oil) |
FANEGY T AT DGAT D, (¢) Ty —2F AT RERITT 7F 2= —2 | Th LD

NT IF 2T —H~D

A

P =

NS, (DT —1TAANAEY T T AT DNOT L ZIT 4

fe= (Filtrate LP_oil) | {7AREMEL THERV TR D, Ll IREWZT Y I —I3T7 4
IWAZHERE T D&, IR2Y 60 CLL ETH 7 /L ZZEE7DS 0.15 MPa LA E&720 | 74V Z A
INAFENBANTZFEEDOIREE (LL T 7 1V ZEA%E) L7025 (plug filter with lacquer) , Z D5k 5| i
HANET T3 —INAIBS VT IAKE IR AL (contaminate LP oil) | i1 4 ANMI{G Y-S
K 238415 (contaminated LP_oil) ,

IHYSIIRAED S A OWME T AT AR OIRDIENZ X 4-13 (TR T, (GRS NIRE
T MER S IR ASIV, MR F ATy I —% 5 AT E i &34 7y Ml (Generate
Contaminated HP_Oil and Pilot_Oil) &720 | EAN L TIZELND, 1HY STz m £
(contaminated HP o0il) |Z1X7 7/ F 2 =—H7p ECEEFEM DAY AREMEL THA G

act [Adivity] Activity of Hydraulc System [ Lacquergeneration in Hydraulic System ] I

«allocate » «allocate» «allocate» «allocate»
blocl1 pump : Oll Press block2 valve : Oil How block3 actuator: Work block4: Oil Feed Subsystem
Generation Subsystem Control Subsystem Component Actuation
Subsystem
(" Filtrate LP_Oil | [&/=]
L o
clean LP_oil \L
M «discieter
contaminated LP_oil Pore = airdust
_j BeseveLh2Ol /F inbreathing : Air
L
[plug filter
contaminated LP _pil | - with lacquer]
[ : Bypass -
[ Fitration /|__
- LP_oil +acquer ks - 1
Pilot]oil = / L
N »{ :CoolLP O )
v JL‘ HP_bil r
engine powWer | G‘e G ~+ laccer [ ] 6] _ CHP Joi + lacquer .
|| iiZenemts ‘ (": Contrd OilFlowand | { a3:Acuate | out :Work |
inpower :Engne .3 | Pressure and = i [l | - output force/torq. | i
"’ | Generale Lacquer [ __-h:‘| Generate La:_quer in \L_ 'l-"l'"‘l Work Component ‘ } Components
‘ . ‘ LP_oil g ‘ L
| in HP_Qil . . - 4 . >
' - { ‘ CHP_oi 41
T Pilot_oil T =00 enar
——— |

in . Operator % |

(e el |

operattor compand foroe

|

4-12 WHESAT DN TONRAAMDT Y I —EplE R T T 77487 414
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in power

in : Operator -

N

act [Adivity] Activity of Hydrauic System [ Dust contamiation in Hydraulic System1 ] I

«allocate»
block1 pump :Qil Press
Generafion Subsystem

«allocate»
block2 valve : Oil Flow Control
Subsystem

«allocate»
block3 actuator:Work

Component Actuate
Subsystem

«allocate»
block4 :Qil Feed Subsystem

P

contam nated LP _oil

Engine po

)[ contaming
er | HP_o
— !

:Genemte |

|ﬁ . [
-Enar Contaminated ol r
ngne F .’rt ey —

coftamiated LP _oil

contamiated LP_dil i‘_ (
]
b

: Reserve LP_OiI\Jr

«discrete»
airfdust

_ et

= ™y
: Bypass |
Filration D‘-\

'd {

a1 i

. | ]

cntaminated CHP_oil

: Control Oil Flow with
Contaminated Oils

operator command force

‘/ : Malfunction by Valve
. Sticking or Wear

&

.

w

Pilot Oi | L y! el
< L N Coftaminated CHP o
Contamingted i[else]
Pilot_djI -
% [exceed cleanlinpss limit]

N\ P ~,
| ad : Actuate
1 | Work Component ‘|7

)

J

=::l._: Cool LF’_OiI/‘

output force/torg.

-| in breathing : Air

| out :Work
¥ Components

X 4-13  JHES AT LN TOIERISNTZ A EIAEEI R B2 R4 777487 41K

VAT WTRY | SRS AR (air/dust) DR T D, ZHUASKRD IS IV T T S A OB EEDNE
D FIREZBZ 58 (@ T DO, exceed cleanliness limit) 1 A AR/ LT (A8
T ENRA Y VT T) DB AVIA A TRE A FITERICIVIEBI R R AELD
(Malfunction by Valve Sticking or Wear) , 72— (3#& T (o) L CIEBL N M L7025, T LT
DIEENRRIZED, WER 7 WEE—FHDWIEHES VA Z OV ISR Ef N AL

HEVNHZEDN DD oT,

47 I AZHDIREBBAEB T R OBEFREX REDRE

(1) IMFBDIREEBOETILEEHR

NAFMOBALES ANENCETHIREEB A 4-14 (RT, ASAOAHE, WES AT
LDTEHAIT Lo THEENIRHE (operating) (2722, /A AT TR R DS EEMEL TWD e TR
100 CFLEE TH A MO —FEBRRLICEY TV AL (radical) (272 5[133], TV HLE1TAA
oy F-D—EROREG UL TEMEALL 72 FHF A O 4y 1 ThV[134], @RI IR b A INH
THEMZS D, ASAAOT Y AT A HRAEENH &R D UG A T =X LTl bz 24

[135],
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stm [State Machine] stm-Bio-oil deterioration [ stm-Bio-oil deterioration ] |

operating

.% >{ Normal ]

when (temp > 100 C L .
& air bubble adiabatic filter [lacquer elimination possible]

compression or cavitation)

‘ ' deteriorating W

do / Oxidize bio-oil with radical

entry / Activate bio-oil: generate radical
exit / Form lacquer, oxidation products and radical

when (fiter plugged with lacquer)

contéminated |

W<«— &) do / Increase dust

malfundion entry / Circulate dust
exi / Exceed cleanliness limit

4-14  NAATHOIRIEES R IRIEFEIR X

EHOIE, ASAAIE 135 T X500 REHULEDOSMFTRRL T 2LTy I —NECIHDHIE
ZRRAL L E EERBR111] THERBL TV D, AR IEEN T ZOSRMAFTIET v B — D AR
DOIVIRIN ST, BIRD INZKIA O WL £ I3 T v BT — T a LW ERSNIZT v 0
— &G e N\AA T L LIREE (deteriorating) (285, 7 ANVZIZED Ty —DERESVIVURIE
72K (Normal) & L7 ED, Ty 0 —1E7 4V Z OFEHE v E72 %% & (lacquer elimination
possible) FChREIND, TV —NT A VHICERBL T4 NEEENEEDLE, 74V 2%
DARREL 720 (IX] 4-12 @ plug filter with lacquer), /A AT P X AR T B —ITTE ST
A& (contaminated) (2722, HHZ AN EDIH YT, A IMED 2T L OTFVE D [R5
fili A2 CHEE) R B (malfunction) 22 Z L T — IR — MEELIREE (X)) L7V IRRERE AR X D R
IR D,

7eB. LSS TR U= iR A %4 (oxidation products) [136]&T Y I /UIEAA VIR
EL TR, 74N a il L CHIES AT ANETRER T 5, OSHEREWTY VI3 T
(1 ns~HEEM) T, SIOSHEDIRNT O HViE 1 L EOFmARHDH[136] [137], Ty h—%E
LT DL BUGED BT 2 I PICERRS D Z &3P 7L Bbing, 12720 | AL
AR PRSI D2 L2725,
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(2) NMAHIREEBDNOOIEEIF RO REDES

X RGN LZ OB DX R B A E TN TED, A A O IEF REEN AL
REE~DEBZBHITIZHIEE 100°CLL FIZT 528, KIADKEVE L2 2L eF v T
—2al B TEThD, Ty A—A RO EERIT, WEERE L v BT — a1 L7
EHRDBRYRARY NS TELZETHHEE Z BV, ZNEISZEDR R T LD, [IAO W
Ml LTI EI[122] 01— B D IOl F O R & D BEE E TR ZENE I EE
ZBND, FrET —ar OMENZ DWW T SRR OARE T ~O RN ER AR ZETh
0, =2V RERO HEI X0 F e B AT A L WIS ER 7 &2 528C
D, — OB CTILZOLI7 0 VU AR L E T E S TR, AN A Ao L
HlD7=DIZ LIRS = P U AR Z I 32 HIED B A HD,

AT MO LR FED HIF YR RE~DBEBZ IR DI T AN F DR BEEILKTHETH
Do DT AN L TUTITEAM DS BT X ANEHAE /) D f) EEFIFHCAZEET
DFEMEIER TEHIINT2>TWB[138], ZOMITHZLDRIRREZEE HI Z LN TEXAHN
FHRMEE RO LG EFE 3 HB L,

(3) N7 MIKEEBRE DA AR

T I — AT KET 23 A MO A AR DIRE D B A TR D120, HEE O T
T R IR DB AL 22 TE ME D i B R iR I g A Bl A 7 L R D T i 2N A (Saturated
Synthetic Ester Bio-Oil) (Z-OWT?D, 7 — /LR akBRfE B [139]1% X 4-15 OFERETRT, Bk

3.5

Upper Limit of Acid Number of Petroleum Hydraulic Oil
30 b

25 F

Saturated Synthetic Ester )
Bio-0il

2.0

1.5

Total Acid Number, mgKOH/g

1.0

0.5

00 1 1 1
0 1000 2000 3000 4000

Test Hours, hrs
X 4-15 RO 7 +— VB COFAGIAEE & = AT VIR D /S A A &
AR VEERMOERAT TAN OFERFZAL,
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R DIREDFRIE L2 D3 A D TAN (LA TAN) I3, 3,000 R[] 28002 2 & R FE)
T OfE R 54E (Upper Limit of Acid Number of Petroleum Hydraulic Oil) (Z¥T<72%, TAN
(Acid Number) &3 M IS FALDIERMERK 53 oD ITIERERE I e D DO FEFE T, Hfnd
LKA I VY LD VEETRT, ZORAEBZ D8 WA D360 & Hil Rl =2 A2 11
EENDIEIE A TR CHEMEEAEUDINNTD[72], ZDT2DFEHGIT TAN ZRAELL
TIZT DI BRINOEEAER 72 fa F R R & B A T LS A A D A A /LA R TH] D HELE
IX 3,000 FEFIE (3R 4- 2 2 HR) CHUSICED T, AR TEBNH CIEX OB TR IO F
D TAN EFIFACIRNTZ8 | A VRN 5,000 FEEEEL TWD, ASAA O b
BN A1 — i E B 3 D0 A IR I TR 5,

B TEAT VSA A INTEL Y% DKRINEANT D&, MK EBEZY TAN (M55
H5[140], UL, Totten H[130[IZHET a2~ LR S ITIRAT DK BIE 0.1%LL F&b 7
D TR IRITHEE LN EWTEL TWVD, FH OBRERIZ T+ — VB TR iR & T
UWVRWE BR[139]23 TWAD T, X 4-14 ([TRLIEASA A THOMRREIER T LD 24 -
7
4) A BUNDIVIFAEDOEFIORET

T —ERRIZED T A NEAZEA =X LD LB AR T D700, BEHDITAMARIE
B DT OWT DTy I — Al &7 AV ZPAZED BN DU TR~ T2,

£ IR AEBY A L . KB RR A (R A — Lo — &) O PRSI~ 1V & DA s %
1,000 FREfEI2H RIBIZAER 357 4 — /L RRER TIE, ¥ 4-16 DI TANZ~DFELNT VT
—MEEBRELTCND, Ty — N ERLUTZRRIZAS TRV, 2074V FD RGBT R

Plastic End Plate
Reinforced
= Band Brand Logo and
g Part Number
[
m
8
.E
—

4-16 AR IEBYMZ W EBh il /L2 A e ] o 4 e 3B (4,200 IRERE)
TTANE BRI E LT AR AD T T —
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—h (Plastic End Plate) &2/ m—AA4f (Filter Element and Reinforced Band., 7/ id 5 f4)
ICRBDN—ANKRO Ty =DM E L TEY, AMIETy I —IZZY BREEVL TV, AR
VEBhIIE 4,000 FEFE AL TH TAN 1R ([X] 4-15 2 0%) OC, TAN O T —A [k
BRI Ry RAR Y NEL CTOT Y I —A I L > TT 4V ZPAZEN AU RIREMED F &
Ez2Hh5b,

Fo, FEOII VU TR ARG OIRR Z ML TODH[141], BREET Ao 2 37k
b (NOX) IZED = DU HFIZ TV VN TECELEBEO Ty 1 —& B L, B D7 V2

BIE D DU DMK IBEFEN S RIS TS, 22Tl S Pl
NOx (ZLAMAIZHR L TH 2R LB LI EL A SIV TR 2Tz, NAA N TY I
AL LR Z & D EFRITIRIL T D, ZNHDTy I —ERIZ LD 7V ZPHZET
A= 14 TR LTI A MO IR BB A2 B T 50 DEF 2 D,

48 EHTROEKRIVTFA X RDEL R
(1) SafeML M#i3R

ANAZAHORAEER (X 4-14) b LIEESH U 7oxR KA | SafeML & HWWTIEEIR R D
faba s 7 ARSI TEEIR 5, 72720 fE2RD SafeML X8 B RO R EAITxH 2 fEM

RARRLLTORD-TZ[120], 22T, FH DR ARG ZROF A 58012, | 4-17 |
Profile Diagram SafeML-PD [ |g5| SafeML-PD-Elements e
g [ ] l «stereotype»
«stereotype» = S — ShortTermDefence
Block G Ls G———  [Class]
Defence
[Class] g _—
= T T—— [Class] K «stereotype»
|+ J
[BEIEapat e ol a0 -probability_of success LongTemDefence
e o -cost “G— [Class]
«stereotype» «stereotype»
FieldSurvey PassiveDefence
—  [Class] [Class]
attibutes
oo «stereotype»
ActiveDefence
«stereotype» | «stereotype» «stereotype» [Class]
Hazard Harm ContextDetector
[Class] [Class] [Class]
-safety_score | |-probability_of true_positive
-probability_of false_positive
-cost

4-17 SafeML [ZBINL7-355E (SR A h)
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AT SafeML DP5fHI % FE (Defence elements) &L T - DDERAD L AL NCRd 5L H]
%} (Short-term defence) . &A%} (Long-term defence, DL T xf5K) 725 ONZFEHA X IR D %h
BRI S YR 35720 O 1A (Field Survey) 28 HixI R =L A MBI THRIEL
7o 7235 B R T FEIC OV TEZZ T L7, Biggs H[119]1%. D% %K
RITOWTHXTH CE RS AT (Safety Sore, {1k A /) ZH T 5 A%21T->TC
WD, ZZTIHFEIR R~OXROBE L BAAT DAL AAD,

(2) #5k SafeML EALVEAEEBI A RDEIRIV THF A KDL B

fI8% SafeML & FWAEBIAR RO fEi=y 7% AR R B OFLIR A 4-18 12777, X 4-
11~13 (ZFRER L7 fEBUR I U TSR R MR L7 R ETLIR L CD, e &L
TAREG 72 BT WA A O (WD =1 Ak Unacceptable Bio-oil use in
hydraulic system for hydraulic excavator) |3/G R (Hazard) THY ., JHHZ ANMI LAV
7 OVEENA B (FRO 1L Ak Malfunction of hydraulic system by oil dust) /&% (Harm) T
%o fEBRIED TTIE SAA MDD T, <<deriveHzd>>& L TRIHAF T TRL TWD, fEBRIRDL
(GHEODOTL AR, Harm Context) &L CORT DL, MfEZEZ T GRa TFANCTH D, Gk
RBLUT, AAAHOFIT I BINTT L 25 PHZEL | 2 AR08 S V7 D [E A8 72
I ZEEREAR A U5 Z & (Valve sticking/wear caused by oil dust) Toh b, fEHIRITAA UL EFEILH
JESNV T8 %D T, <<deriveHC>>& L TREME AT T/RLTWD, XK (FkD =L A
<<Long-term defence>>) L fGRIRILZLSTZO DR THY , X RIFE(F DO =L A
<<DefeneceResult>>) (ZITZN RO NEFE BARHNIR T, FR- - fk-FHFOTL A INIZIL 5 H
HOX7ME, 37205 %K O 5 Eh O e 3 (probability of success) . i BRI % A4 o fife =8
(probability of occurrence) | /&A= D (probability of harm) | f&EIE A D HiPH (range) |
f 3 D WHEEE (severity) [119]2 72 AT 2723, I3 2E § 5, <<reqDefence>>& L TRE#ES S
B LM TR (EHE (D =L A h<<requirement>>) ZFLiR L TR R D 2 Y M4 R 35,
LM BRI T <<satisfy>>TBIE D1 HALL xR DZE(E L <<verify>>TRE# DT b o ek
<<testcase>>|%, XA LFBRE I DOIE HALA D7D L BRI FER 75203k D 5
VAR

NATHOIREEEE D DB 2 DALDEARRL R RIL, RFIZ S EM O AZINZ TRy RA
WY RDFEAZSSZ L SAA MDA AR 2L, REWNI T ANV ZDZEZ < ZETHD,
INBZDORRD BRI R E LI TIOR T,

RERZE {(Fk=L AF (1)Auto engine controller}|d, =2 HillfHINZ L0 A3l 72 = £ H D A
A2 NT DY) =T 2=y MpBOPE AT, Fre T —va Z2MfilL 7y 1 — DA K
O T ZETHD, ZORREIZL - TARA R RO R EZE T 1D (kAL Ak
Hydraulic system shall reduce oil pressure at a low load operation ) &\ ) ZE R MEELR 2NE )G
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5o ZOHERZ =T Teb D=V kL2 & (block, Engine Controller) {22V VT,
TV HE &2 2R (Machinery Test) IZKVRREET DL ERH D, RO FE (FxL
Tk Defence Result) (%, 74V ZDPAZEZEPI O, MIEASVT OFE 1% TP CIyh—
R AT D HZ LT D (Reduction lacquer formation by lowering pressure at valve to prevent
filter plugging) .

R AR 2{fk=L- >} (2)Centrifugal air bubble separator} |3 w0/ BESEE[122]% VT
M SiaZREL, MERS 7T COWBEREIZ DTy 1 — AL T 2 Th D, ZalE
FRIX, A HOBALEBI TR iR R B2 N 528 (k=L AR Hydraulic
system shall reduce O2 content in Bio-oil) T 5, Z 0 % 4 M B 2R % fiu 712 o0 5y BifE 2%
(Centrifugal Air Bubble Separator) (Z- OV Clid, AA AR 7 L A7 A2 L5305k (Oil Feed
Subsystem Test) &9 DM E N5, XFRDONEIT, SAF MO HLEHHIL T & AR iE
WEWEFHZETHS (F L AR Prevention of dust bypassing of filter by reduction of bio-oil
deterioration) ,

KRG 3{k=L AR (3)Improved Filter} 1, 7 /L Z DA MEREZ B L Coy 1 — %%
i< ThD, BaEMERIX, Ty —IZLdT7 A NVE AL LD (kAT A
Prevent filter plugging) , ZD ER A 72 T H LWAMEZERH L7277 /L4 (Improved Filter
with New Media) {ZDWTlE, 74025 EikBRIC IS FRGEE (Filter Bench Test) 29 2B 538
Do MERONFNT, T4 NE DR EAVERT ZE TR AN A ST RN ETHD (F
L A Prevention of dust flowing by increased filter capacity) .

() X REDFTHRET

TV O HBHE TR AR R & EMOE 2 T T A VT OV =T 5
NHOEEROPEH A O IXHIRIL T35, Ll ZhESOE L7 #BETHF v
T a AR AETHOTHRIZRER TH D, FEEIHOLIZOWTIRFE[122)1%, 5=
Y2 Doy BES 207 EIC Lo TEEDN I T DR 3R A IO 1T, IR b SOS OEEIT 2 T& 5
ZEEBHMNIZL TS, LU, ASAA OGS IZRTR O LT VO UG E 5318z
SNDERLEL IEAIDEL A SR DI IR R 'S - TOREE CHIR L BUSITEZ DB 2 5
D, ZOiE LB XD 7T iMlﬁﬁ)Sﬁ:@Jr PIRNRIIFFTEIR,

T AN AL TUTEEASM L B AR, Z ASOIHRIERED 7] L L FRHZPAZEETOH
AIER TE LT >TOD[138], JIS JHEM 7 /L ZVERERHI 7 IE [ 14202 K5 B 3
T, RO A B—2A81E 20~30 pm LA EDZ AN 50% L0 BRI T 5DITx LT, &
DT T AGGHEAR) 7 oL A 72 E 2R TR L2 B AL 5 pm BL EOX A%
50%FHHE TED[11], Fo. R AM AR ML= 7 10237, il # AT TR
AR EIZH LT 2 (5L EIZ7e 2 eSS CnA[138], Hie Al /b a— A DB
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PRITHACK 30um 12X T, Sk R AM OO BRI R K 1.0um ThHDH, ZIRAiETERER L
BLEFEHTHY, ZOMRICIN Ty —I12 kD7 0V E BN DS Ll ih &2 AN SR S A,
HE VT DEFESCEREZ S ZENTED,
(4) READTVICE T A RDIRTE

# 4-6 |3 ARXIH (Undefended Case) &A% RO T, X 4-18 FOFTL A MNIZED
ALT=A D (4-2) ~ (4-4) DFHEXEH O TE L= 2227 (Safety Sore, SS) & AR
FHl D T D, ZIE DT AERERITIR (Low: 1/3) . AL (Medium: 2/3) | =i\ (High:
1/1) D 3 BEBEZIK Sy Bl b U=, fEERAEOFMIT 0.3% K0 BE (Few: 1/4) hHHL
(Some) . 24 (Many) ZL T 10%LL EDOHEE (Most: 4/4)72E 4 BeFELL | fad OwisEIRIZ
EAE B AN DI L AZHE T2 1TV - SRR TR o356 (ST 1/4) | BUGTO ML -
(XY T VAT AO—IAHED D NI IR BEG LB A (S2: 2/4) EF T TOHT VA
T MEFN VIR A (S3: 3/4) , TL CHEORMEHEH LW AT OAGE RN RAELE
Bty (S4: 4/4) D 4 BEREE LTz, AN L, AHED B Z2Af (Minimum: 1/4) 72671 (Low) |
H (Medium) 2L CHHY 7 2 A7 AL EDBIMNSH DO T BR L E VB X DK (High: 4/4)
FTOD 4 BfEELT-,

SS = Qu(1—P(S)) + QdP(S) (4-2)

Qu = P(Ou)P(Hu)RuSu (4-3)

Qd = P(0d)P(Hd)RdSd (4-4)
ZIT,

SS  reARary
Qu KxFROLGEOALEBATT
Qd KRG A DIRE AT
P(S) KR DR R
P(Ou)  RXERDZEITS GBI (Context) A3 XD R
P(Hu) RIROLEIZSEE (Harm) DL E DR
Ru KRR DA O fE 5D L% 2 FlH
Su KRR DI E O fi 55 0D Wi
P(Od) R UTCSG BBk i & D fifg =R
P(Hd) SRS E I EENEE LR
Rd RT3 6 OfEF N X HE
Sd KR UGB OFEHE O B E
RIROG AL, fERa s TR AN D Z T EZ T AT DI LTI L AT )8 03750 LHE)
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HIZEHES L TfEE L A MR IRSND, MR 1 O VU MHERIE O Z AT T 1,
KR (Rl AU R) EZDORPRINF (F oL A MIZRRA LA 7% (4-2) ~ (4-4) KD
FHRL T ZEATT 03333 DLz, MIRE 2 O L BEEO L BATTH | RIREED
RN FNCFRA LT LTS RERIZFH R L TR 2RI T 0.0741 L7272, RIRE 3 DT 4L
AW BDOLEREATTH, FREEDH RN PIGA LA T ENDFRERIZE R L TLEeAay
13 0.0000 &/ ME (BRDNENN) E7p o7z, Z7EDITEI, IR OBARTAIRETORE FAZFD
WTWD, AR DWW T, o P AR 239 TIC—H O TR HEh Tz
B TANI/ (Small) EFEAML 72, 30057 BT E S > 7 OB AL B THI[143], —
HOMFELIAMIITER S 2D 2 ARK (Great) LRI L 72, SRR 74021, AHTRED
BAGRM O T VB2 LD HHNED 2 e O AN TR/ (minimum) TIEZR<NELTZ, 3 DD
KREDOFTTANFEEN, bR RATT OFEMEN /NS BT THHIZDO LB T AN HD
BB E TED, 7212, BEAIT I THET 2O TR, ZRZERDOXREITOU
THREBRE LML TR D ENEE THDH[119],
(5) XTROFIMAIGZE L EDHER

TV RIEAHI N — EFE Tl T TSRS Ty NI KD EED A RISt
LB e o To SRSz, TEBHO@ OB LA RIEBR B EIIRHR O X106
XA D OBFRICE S COD Y, BRI R O R 2 it B D 72D 2l O KT
M BRI 72N LRSI TV B[122],

EE DI FEREBR IR DA A VR 2 AL = T D7D BAM O 7 V228 LT,
W BT 4 VF O TSN R, P X AR L0 ZGHEL CBRETHI IR b
&b EFRALZEEPED B TR VEBY O A A NV A HRE M A IE R 9522 CThhotz, B 7 4V

* 4-6 TEEVR ROXRBEOZTME, LeA=T La ANl o Higk

Probability of | Probability
Probability Context of Harm Range of Severity of
fi
No.| Countermeasure Plans | of Defence | Occurring, Occurring, |Harm, Ru or |Harm, Su or Sa et}jg;core, Evfijlflzion
Success, S P(Ou) or P(Hu ) or Rd Sd
P(Od) P(Hd)
High High Many S2
0 |Undefended C 0.3750
ndetended t-ase (1.0000) (1.0000) (0.7500) | (0.5000)
. Low High High Some S2 Low
1 |Auto E troll .
uto Engine Controller 1 3335 | (1.0000) (1.0000) | (0.5000) | (0.5000) 0.3333 (0.5000)
) Centrifugal Air Bubble Medium Medium High Few S2 0.0741 High
Separator (0.6667) (0.6667) (1.0000) | (0.2500) (0.5000) : (1.0000)
. High Low High Few S2 Low
3 |tmproved Filter (1.0000) | (0.3333) (1.0000) | (0.2500) | (0.5000) 0.0000 (0.5000)
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K AT T4V Z YRR O FM TOEEIA R OFE AL g

Annual Average Numbers of Valve
Malfunction Occurrence

Machineries Adopted
. . 10.5
Previous Filter
Machineries Adopted
achineries Adopte <14

Improved Filter

HER A UT AR FELOER T AN AR LT RIS OV T, 28R 2 RO/ S A A ISR
T DMLV T OIEBY R EOFRAERE LTS RE R 4-T 1R, (ERT7 AV F O T
(TAEF) 10.5 B THT2D, R 7V ZOEFETIE 1.4 AR Cho7z, ZHUZIVHE A
M7 4N D ASAFTMONEEN AR BRI EN D ST N BT DT, F2, BeAaT L
HRIBOPREN Y THDHZENEATHND,

49 FEH

BN T ORI D /S A AT DO I ZFAL DTN RIS L T, 7 =7 b —AIEE)IC
FIREE DA T 2R E HES 72T 2OBBZ1TH R &L=
BTz, ERRITROEY THS

FIXIREL T,

NAF MO~ =27 V& AR TER LT, 2—FZms LT,

FEHIXREL T, 5 LN TROV 7 VAT LA B U CGRR T R S L=,

BTUWESZ A B OB Sl i 2 i B L7l =R 77 T —X
7L — M E O TSR LR T L —%

LR R A R LTl EAR— A

LM RS B U — VR A W ES V&

Bfidk JLER AL 7ok B R 2

THTONAAHOFEIE

LinLZe i3t — @O %S EB) R R OREN AL & Tz, ZORMID A A O E
IZONWTC, VAT LA V=TV 77 7 a—F I HE5& SysML 2 H W THES AT LD
HENEZFLIR LT, NAA AR ETDEI AR RIZCED AN =ALZ MR LT, ZOAT=X
DEASAFHOREERI T E SN TEERI AR ROXIREZEE L, §13E SafeML 2 V72t
WEATV, BEAAT EFEHUCHRERE L, DN EREELDDHEROERIZRD,
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1) ARFFROSA N LDMEE AR B OJRRZ RO I TET,
o ANAAMITMERL T TOXIADWEERGE, AL 7L T TOF YT — a1l kD
T —NEKSND,
o ENRLIETY I —IZT AN FTREITHEREL T4V S B PHEESE D, PAZELTZT 4V H
TABSIVTIT AV Z ARDNME SV T O RS FI- T EFEAEZ LT, HEAN
VT OIFBI R R ED,
2) 3 ODRIRE, TV AR, = OSBELSE ., AR TN S8 AT R
L7z BT bR TR B AM 7 AN 2 D5 R AR ETHI LN TET,
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¥EH5E EE

ARETIL, FT BRI A— T DUER D BAFE D AAH I SR SR D A DWW TR~ &
AT DAL =T VT DT T a—F INUBN LI o To e aik 5, Fiz, fEROHRE xR O
FiEEXLTHET REIRO T IEEZALINCL T, ZNEFEIRT D70 ORI A—
DHIEHIICED AT T A%Zim %, IRIT, 5 3 FELHH 4 T Tk~ MR ISR %
HEA~ORREL AT DA D =T V7 OB BRIV LD, ZRHYV AT LA V=T
7 % PN T MR D AT PR O I7EED | — IR EEE D BREN S 2T LD\ IO BES 2
TAICHIGHTEDT LR IR D,

5.1 fERDEFZMWMA—NOE B BHERISERTEHEADRKICDVT

AEITIE, PERDBEFRHEA— I TIT O QOB DT A L E 2 — D AIZ DU
TR R%, WRIT, AT =TI Tl L R T 28O R & X /3 LT feb A %)
TRHE R R E L COFEBRBEIRA— A DRUIE IR Z N2 A T T ABHNT DN TR RS,

(1) BEBEWA—DOTHAULE1—KIEEFI A ULEEMBOR M IE T RDRE

TR A— 11X, 1963~1981 70D B2 O 4203 BBHFE T 272012
5-1 OFEMEABOT AL LE 2 —DOHAA (LT T A L 2 —HlE) 2L T
[144]-[147], K OEFRR O R THEREMA— T O T FA L2 —H EIE, gIlov
AT DAT D =TV T DB ZPEASIIZ, B Lt CIEEHIOREG fhig 2o 2 —7 v b
&72% QCD (Quality, Cost, Delivery) Z k8 HERIEIRFTE 300 ZOWRIZFE MR B TS T
BRI DWTOREAT AR O T, —#HOFHEZ (A, B, C, D) IZ KO BRIk D 7] A3 245 2 3
LUV DFI BT 5, BAIDS AT AR T P =T V7 e A K BRI 499A[148])%
RIS IR ST L7 NE T D, P dn IR ET 2 1E System Concept Review (SCR)
WZFEYS L, #EZ A X Preliminary Design Review (PDR), #ffizs B & C % Critical Design
Review (CDR), F£721% Acceptance Review (AR) THY, FHME D [T 54D Acceptance Design
Review (AR)IZHHE T2, 7 A b = — il BTl 0 GVE B AR, ZORERE &L 8 R B
(QFD) . FMEA, A&, BA%? QCD, Sh'EMEE T, R, Lot LI 2 FF BB
LIEBREE R RO BLR 351 Bl M T s, ZOMHI Tl AT — U TolEA <
T2 D2 MERERE A S LD,

W2, ZOBIE O BRI TR, T8 R— R hEHED AT M RESH TV,
EE LI IE O BT TARMIEZFI A LT, AR L7z A AN LD BB R 1T A
HIEOBERFICTHY, 2T a7 e i b BRI a2 LN AT REL AT,
T2l20 BB A— I DT P AL Ea— B, IEFEDV AT L2 D =TV 7 3R]
SNTVLIRTIEZR, ZOT AL 2 —fll TR LD 2372 824
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%l | A
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s ; o
1 r"}
: I | — v A
| 1
|sgesena s - TR
% | i .'
JC | : e e
n I 7 =
*i ———————————————— T o [PRBHRI
- i A= HRERE

5-1 FAEARA— T D 1990 FARD T AL LB = —HHill FE DA A
SCHR[147]7>Din

HDHEFR LRI EMRRE R T DI L2702 D, D728 | W MR K 32 i~ % R 1T

FTA 7213 FMEA 728 OFIES HWTITW D23 #RERE RIFFF OFA TR D 113 LB Th
DDA TIXAR N, RFEB O MBE AT = X NET X RMFROMFENFRD LD, Lvh, #
Bt SR, BREE SIX B2 R LITRRD HIR, ZDO IR D, ek R I A /X —
FATREENERENTEY, VAT LART P =TI 77 7 a—F NGB 5 Th

103



2o
(2) BEADX KA EDIELR

AT —=IZB I DHMIRO FE AT, BRI A— T DB HI SHAN 2 T | i
DOFEENRA e BT — ) %W%*@T RO GIVT, PRI BER R A— T 7>
SOMADRETONOBEND DD, ZOT2D AT =V TORRIFAL —FE TEESHK
DHND, BRI E R DRI OV T, JEREML TE R 1A, £ 5-1 DI
3D THD,

%3 )75 (Countermeasure Type) A 1, —H 2B H L TO7ARSLE ORI 2 T
fliIE M %EZ FV 5 (To use genuine lubricants) Z&Toh b, ¥R/ A 13X, fich F-<FfE 5 (Short-
term but Long-term)*} 3K 515 T D, L, 1ERITWES = —F ~DOMIEMEO MG T& 7
WD &Y | 2 — PITHEM B O 721 2 2R 322 L3R Ee SlIcikit 5 B £
WBHDHT=80 | W IR IS L TNRD o T2, FTo, BBEHE TITITZR D20,

KR FE B IE RS EOMBE MBI LTS EIZa s R =2 M R 15 (To
improve a parts or a component against a hazardous lubricant) Z & Céh %, tit BT 72 [ T,
B R (Short-term) &= 1% K (Long-term) (2531 B LD, ZOXFHE Tl 2 R—%hDd
M AMEIZ B TRESLEIZR DB ENDRH D, FHNE, 3.1 EiORME T P M Loz
NOFRELTOT VR E, 3.2 HiOWEIKS — L OHIE~OEH LRI, 4 HD
PNAT M LD MES AT LOBIEA~D BRI Th D,

KR FGE C 1T FEDZ L R —R ML TER D& 51 B O 225 132 (To
prohibit use of a hazardous lubricant,) . &V MNEL—F 23 AT RHEZR T IR OFEVEIFEIZ W T
PR A A2 U7 M H S 2 HE45E 575 (to recommend lubricants with proper operating conditions)
ZETHY, IO ThHD, ZOEBNT, 4 EONSAAMITIDMES AT LOBREA~DHE
B RO A MDEN~ =27 1 Th D,

% 5-1 AT — TOMRM AR AL K2 SR e LT 3hE L7 ST 1L O Fits

Counter- Condition after Countermeasure Failure
measure Countermeasure Method Hazardous Term Classi-
Hazard Harm .
Type Context fication
A To use genuine lubricants. No No No Short but I
Long-term
B To improve a parts or acomponent To be No No Short-term and [&10
against a hazardous lubricant. Existed Long-term
C To prohibit use of a hazardous To be To be No Short-term 11
lubricant, or to recommend lubricants Existed Existed
with proper operating conditions.
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ZOIFIEOH T, MIEREE HOD3RE A OWESNCO FEaD b LS T,
(3) EIEMBISERT SHIEZHTHDIEZAEMA— DO IE MEBIC LAY TFT VAR

(SR TV R S D B A0 38 1T Lo Uik, MlE a2 A OV D6 R 515 A IZh RS
EOS I R A YA S R ) R A ENM B TH o7, D72 —E AE 3
TR | B, PSR EE S T Y = N — AE AT, WA A &
A B FE BRI AAE UV [149]. 2000 4FE L0 F~D 7 m— VU iiEMBEOMAG & E AL
B A~OHIEMED T E 1A 7=, FEEIZATR O T AL e a— i ICh &SV TH %
L Q5728 AN —E A LS TR ICHRPTZ2 < S Anb Tz, SiEIED N K U722
ol BB E LT, BB LI ADIAL TIEZEL TWAT8 | fliEHFEO Bl 52
HDBNS L2 bl

AR BRI T L~ T 4y 7 A[150] BHEESNLE, 207 ay o/ — ADiE#) %
ATV ~T 4o 7 AR A3 D MIEMEE WA T A OB ES L2 [151],
ZDATFUAZENTONWT, K 5-2 OS5 4T X[ 152] (Customer Value Chain
Analysis: LLF CVCA) Z TR, ME g, B 8 PY (Lubricants Engineer) &

Genuine Lubricants

L ( ”
Engine ectc.
, Global Factories
_______________________________________ >
e Machinery |
g* S i L |¥
i L . oo 4 ¥
;_‘, " T =l 3 . !
n \ %Sales of | Component
" i | achineries | Development
I e e e
e \ % ! Sales Information J ¥&1 f Tr}al
! Mach 1 Luhricnats
=5y l \ R ! Test Results . Lm
% W * . " 4 1 L
\ Lubircnats Information = 1
L N ——————— ‘
. g S Lubricants
\ Service | | 4
s 3\ Engineer
! N\ |
[ g A
Genine) Pafts \ ¥al Trial
and Lub}'rcl ats = Lubricants
1| L
- = [ Maintenance Contract . Genuine -
! ! \ B Lubircnats
P | ¥
L i Maintenance using LN
. v i Genuine Lubncams\ Global Genuine
Dealer =5 Gy Lubircnats ~ +——’
? oo ) Manufacturers
L £ e 4
‘User|
¥ ! Fuel
Qil Suppliers
5 = = . . ¢ SEE B K | = 3
5-2 TL =T Ay I A% W HIER I EIC LD AT T A CVCA
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7' —/3)L Al A— 7 (Global Genuine Lubricants Manufactures) 23[R BAFE LT, ZDOiR/EH

(Trial Lubricants) {Z- DU\ Ta 7h— %2 M ZE B8P (Component Development) 3 Gk & % 2

MRS ZAT D, MIETMEEN ST T D& R A— I D [E NS 55 (Global Factories) T4
COEFERMICTIEIND, T —ERE Y (Service) 13, BEREHEIK D R 7E L FIRFIZ — L 2
> T AZH) (Maintenance Contract) % i OV, #li 1E JH%EH %2 A\ 72 244k (Maintenance using
Genuine Lubricants) 23§ 5[153], & TOFATT L~T 47 A% W TERIEIOAE
HEARIREA], B2 & MR TED D T, B E 7 B BRI 24 B b & A E 8 (Genuine
Parts and Lubricants) &7 > CHEIRF [ THGIZHIT DI 5D TED, WS —F~DHIE

HEDOPFE L — I TELZ L, 22— PITHIEEADOME H Z2 380D Z & TR D IZFKI A

KHLTNWD, ZOATF U ARKIOG)—DOFB L, P A A BN A 32822 %

RLPRALTE D EWI 72 A T T U ANRMIAT 2o T2 12D Th D,

ZOFFNTIOHIEMBUC LD RITIE A BIERESITT28D  BEH 1T OHPRITRDZ
EDHIRFS D, A R PO DERBEIRIA— DT L ~T 4y 7 A28 AL TEY, #iE
HEDORFELIRD TWAT2D | ZO X IE WA WAL T 2D FiENE M $5E
EZHD,

52 YATLATIVIZPIVG7TO-FHhoDERS RADEE
() ERBOXRERIVIVHBICLZIVIVBFEOBTICOVTOER (3.1 E1SH)

ERR B A — 713, BRFE IR EE RS E OB MEN LM HESN TWDH I LA HL T
W, UL, KERE DA ERN Y M EVIZAIER S E THH I LT T TE
IRNZETHY, ZOT=DIZRK DOFFHTEXERPENIZDOTH D, VAT AAZL V=TV T T
Ta—F0bid, KETOT AR —FOZY MR N R RL QO LR CX, B il A—
K DZ B EREGR O TFIEII RSN RETHD, KEO—HAMA—IL, T—E Lz
VOO TIHIIB W TEARTR T VN =M BTN TAR—FICEhET

TA— BN DO BEEREENC BT A ST TERWERAL T\, 207D, Mgl
FAICE R T2l Em 2Bk, i cdh o1 MEO T DR dn B O AR O, 2
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1-12 machineries
x 1,500 - 6,000 hrs
(1-3 years)

. 2-3 machineries x
/ Hispeeiion / 1,500 -2,500 hrs

/ Verification / (1-1.5 years)

% 5-3  FRERHEMRA— N DY MEMER SCHR[155]-[1601%H LI AER

PR DIEMT L5 RAAT /2> TS 6 T, S TROARRITFIARIZRRBEEL THR-> T
72, L)L, DAR ICEVBEE LT AL AT AL~V OREE O G E N RS EZ 2 M THY |
Ty TIDOL RV RZEDORDOE THHEDD T, iR R EWS BRI T ANk}
L Chii B)7ext R AT Z O BEMENIIMEIZ7/2 5, DAR 2 WD & THFED 77 =X AMiRi &
MBI R ORREEN TE D720 DI IS AL K T~ DM ~D % K IZH DAR WA e
EFIRETED,

ZDNYRT ATy DK — D I FH L IET O R AATHHNEZ <A, 22T
(X IR R 721 T, U U OfERE R T LW R RE A1 T 72 o T R R
DFEFEL T, 2O~y R Ay N RE W g =P o8 Fam (MOL) 2 R E<4E
RC&z, A% MEEICER T 28 EA~OXIRYE | 7 ad I8 A TP ATV~ H AN
(PLM) OBLEINATHIZ LIS EETH D,

(3) DIVDIYT AN Y- ORNBIEDR RICOVTHDELR (3.3 iS5 HR)

FAN = NDV T DIRLEENT, T T AT A K CTHFEICFLR T DI ENTEZ, Kin
LCTIT4ET 4K E W CEIR L7z~ 7 ZADER HDWET 27 M)y 7 o — L OAJE
FEDAN = A LIRENT, T VU RRENE LB E I BRI TR, 072D Zib
DFLIRICI T P U B E LHIRE DRE G CHfF CELENB 2 b, A AN — LD
WOEHRTTH G TELHDLEEZLND, AN —/L T, JeKITE T 24 AN 7 Dk
B ORETEROLAZ T XA AN — VBV 2 R — NV ORAEBREDHR R EHEL
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HIRAUBG IE~DB R, DT T 2T WY 72— )L TEAND v 7 ADEE FH O ATREME 22 & R
TOUENDH ST LIRS ENTED, ERORRERE FTA (TS 7ol f# A0 = X LD fighr
Tl KM RO RBEIZR LT, DAR Z WU R HNCRFT T2 LR ATRETH 5,

(4) ERFBEHEFENRICLZBIEDRKIOVTDER (FE 4 ESH)

TaY e — A% BGEICE R SR IR A AT CE ZAUTHII OV AT A
R D =TV TIINSTIRHT ERE R O FAEP R A— T ARFT N CNDT2d B 2 5
o, ZNH—HOXHRICE 2 — L —E ZAE 05— EDFHIAF DALY, RARK D
JESVT OEENAR BIT 2 —H e —E A BTN AL 725 TV,

VAT DAL T =T VT WIRLIR NS | RO BA O 21T > TR B2 T
HTET AN AA MO % /e & T2 R DI E S 27 LADBAJE & 78/ TE T2, SysML
[ZEOMES AT DO IEARAT = A LEFLIR L T, ASAAICER T HFB AR RO AN =X 2%
O TETZ, F72, SysML 2 H W TAA A O BERE I X 2 5Lk 52 LTIy I —03 A&
FRT DA = R LD NERT 0y VNS Ty 1— B ERT DAL (7 VAT 2) 1, A
VLA NN T ThAHTZ LN oT, WEROIEERI DAL, AR 7 TOXKIAD Wi+
MENFEZZBLILTEY[11], ERERZAAT GIEE AN W BRICIY Ty —4&
FR D B2 E T 57 E 154 ALS N CTD, Ll BERRIH S L CEASNTWLAIE
A, ZORBR TR G222 E LD AN =X LN KL G DRV Aabd D, 20
WFFECRHENIZAS L NV T TOF v ET —a b & OEEIOLLD A =X NI T
NS LD RETHD,

SysML Z Nz AT) = X LD FER & fRHT 52 L ED | B2l Ty I —D AR > T
T4V AN Z DI ERH B o7, TERITASAATMOBR LTSI, o2 L=
ANV DERDIEHLDE Z BN TR ST=DTh D, £iz, 74NVZOREEEEL Tl 4 Ak
EHIHE 357200 Tl 7y —E L THEAN OB EF E W=7 RE R D Z bt
REnz, 5%1% SysML &AW T AT AOVEBIAN = X LA FLlR T HZETY AT ALK
 RPELTZ BRI BRI D LB 2 DD, AT EAEBN R R 2B R Z2IE, SysML

P
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DIRREI X B DI T 7T 48T A KO HEE S, L5 SafeML % W CHEE) A~
B OfEa 7X AN R R EZ 2508 TET, L5k SafeML % V=5t 53 Br il 7 —
LADOEB THATE IIREOREITLEATT ETARD DN G\ EIENL AT RETH D,

72721, FTA, FMEA 72 & OTFEITEME > AT A RRIZ B DA MBEEABOITII R 5135
23, AR — RN (BHDVNT YT AT L) FTE O SR O I ZIX R CETE S
DTHN2FETHD, SysML N2 T DIZKER DD T80, a2 R— R hbDHU N
S DR R I T PE R X, FTA, FMEA £7-4 [HI817-12/E->72 DAR % =it o
FEEZAADETHO, VAT AR EOX RIZIE SysML BILOWETE SafeML % >
ToRLR a2 LITRT ZATHOZE DR R TED,

5.3 —fROEFEN VAT LAD, YATATI Y IZPY D ® RV ER SRR T &xt SR 0 5E A
A SCCIE, OB E CHE SN B U BV AT A FEASD

VAT DA V=TV T W T T aF—E ) B TCWD, & 52 (TR S L
A& D K & P 70 8% B 25 1 (Type of Machinery) TOH | =23 (Englne) M ET AT A
(Hydraulic Sysytem)0)§°7r<ﬂﬂh‘ﬂE R, VT 8 OIS E I WG, HES AT

LT T FEOBBILE I OO TS, ZTNENOBIREE SRR L ALl 7= R Y T A
:fg?‘6ﬁiﬁa«@ﬁﬂﬁ&xﬁﬁ’“rjx&ﬁéﬂﬂ\éo %%‘&i SAE @%*4-%&37%?&%&%797@
B 22 JASO EO KU il E OB 3 KOS 110 AR Z 8L T, BB, A2 4 (Farm
Tractor) . H 8 2 e (Bike) 2> TORIMFMEISEL N T2 BRI OV TR ZSR T
%, $kiE DT —E /LI — (Rail Car & Diesel Locomotive) . 7 #+—2U 7 b (Forklift) . fi5 il

F5-2 TUVUEHEY AT L& WD E
(v B 50 %L B, (V) B 50 %Ad)

No. Type of Machinery Engine Hydraulic System
1 |Construction Machinery v v
2 |Car include Truck & Bus v -

3 |Bike v -
4 |Farm Tractor v v
5 |Rail Car & Diesel Locomotive v -
6 _|Forklift (v) v
7 |Ship v v
8 |Engine Generator v -
9 |Injection Machine - (V)
10 |Steel Making Machine - v
11 |Press Machine - v
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U TR R 2GS FIET, O EH DO MMM AT A THRIH TE D,

W IEORREER 2| SysML DMK AEHA XN Gk 35 2 L1 K0 B i E 2 RS B C
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TV IT X T NHA AN — L DI, 3 L ORI EENMIC LSS AT
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D BT, H3EEE 4 EICHY BT DEEAZ O "R FELT,
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7= UR) TR AR E A 7 RE TR TE 2RO T 27 V) o7 v — VT AT
KT 2—T A AN — T TR LT, ZRDOfFT et R 2G5 T, 77
7% 7 M= DOV FRERIE TRl 2 51EE, PV EE2 Wikt AR L2
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BN EDRR, BLOT 27 1Yy 7Y — L TON) w7 ALY T RIPEIZOWTRET
AL W2 EnbooTz,

B4 BTIE, BRI A AT O R FFHIHIH IS L T Y=/ b — AEENC X
DR AT Z LD TR ATz, PR EL T, A MO~ =27 VAEAEDE IR &
WMEY 7T AL BEITH R RIS T 72, LinLRnds, EEYNR B O RE SRR
DEFHESTNldD VAT LA V=T Y77 7 a—F 12 H-5% SysML & VW THE
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