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A new process to develop a hydraulic system adapted to biodegradable
hydraulic oil for construction machinery

—Case study integrating component analyses and SysML description in failure analyses—
Satoshi OHKAWA*, Sunkil YUN, Taketoshi HiBIYA and Hidekazu NISHIMURA

Causes and countermeasures for various kinds of hydraulic system failures in construction machinery generated by biodegradable
hydraulic oil (bio-oil) are discussed. Previous component analytical methods can prevent all kinds of failures except hydraulic system
malfunction, which requires a holistic approach for analysis. Using the Systems Modeling Language (SysML), the cause of malfunctions
can be understood, and the most effective countermeasure can be obtained. Integration of a component analysis method and a holistic
analysis method for system development is proposed.

Keywords : Hydraulic system, construction machinery, biodegradable hydraulic oil, malfunction, countermeasure, SysML
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V=7 (MPa), @&V =7 (L/min.) T

S5 B X 4 22317 (block2.2 main-valve) D)
B vIal—varvl, ANV TRLTr7Far—%

(block3 actuator) ~OEEMD GO J7 A% T2
L=y MCHZANF—IRIIV ) =TT =y PEFET
KREVWZEEZRLTWVS, ZOEEMOTEN D)%
T5HL=y MCIEAA VI 100 m/s B ETiAT M
BLVWFYETr—3arZziRld, SNIINBEANRRR
AR L 728 mIC b A AL AR DL Y, k)
BRWMLWF YT — 3 » TIEABOREIC L) il -

(#4700 C. 100 MPa) OFy bAEy F P pArze
ENb, TOPTIHIZEA LR FIREE THIHIN DD,
HDHVIREEEDT VTGN D PP ik
JBONAFIIALL T v h—% BT 5 LR Sh
%o B, WERYTHNTEF YT -2 a2k 2415
RSB ETL P, ChooiEroEzES
& MERY Z7EMENSVT TI Yy A—=DEL B2 %
IR ENTE,

MEE—=FRMES) 25 THT v h—EEAEIDZ S
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A VT NS A EEIZIMTEAR > TRAAL N T HAR
v, @I BER T | — 7 25 A O RlR ) £ 2
RRICF YT — 2 aVICLBIEEZ R I L2AN BRI
NV TOHBTHESNRTWS B, ZozdilEE—%
RIME) Y FTDT v h—HERIIP e R TE S,
AL 72T 9 A =13 NA HITE T R DT T4V 713
SN, TANTEEDDERE RS,

5.2.2 HRIZARETAIVFICDLTOERFER

M7 ICHES Y7, 7405 E7 ) —F ol ERT (X
6 block-4.1)s 741V % (block-4.1.1 filter) 3K EN% 20
~ 100 HLEB S LI E TR T AN EHET L, EHD
DEHERB TRV T—2 B (k) DTNy
FEUERIT 5 um L RO S A% 50 % UL iR TE
B0 THUZEDWP S AN ORFH QEEE) IZES A
TALEEEIND EBREL TICHZON D, T4V FH
WEVEDNEL LD, TANTHINASAFRD BT
R 74 V8 2 @S NN 8 7 ICABRREHI R 5T
Who T4 IVY SRR & A b OSHIR A E A O R
X 250 ~ 500 hrs & EhTWwa,

HR O L)V & 2 MRS A b & NER O 58 BEFE
WD S%be IHRT AMIMILEY 7B INIZT4V
iy &7 1) —4 B9 (blockd.1.] breather) 5. Z2RDHA
D EFIFICHERTRAKE LTRAT S, 7V —FDT74 V5
OB DT, MV AR AL 3
HYAND—RELRST VD, TDTANTITHAVHT AV
FEFRLENVT=ABMZM->TWD, FHEES A MISELR
BUBTIZ ANV, 740V F 58, MER— AR ¥
T Y AT ADEHIEIC SR AT %o

CODMHP T AMIIIEAROER (F3) LK

J4IL5

<

\J

S
3 45
I |ivrrzs

HWESYVD

. J

| ' [emroooms

7 MEZY Y 2ET4NVY - TY—FORAK



WEFERR S + AR 20 MR YEAE BN A5 2 B S BUTINE ¥ 2 7 A S OB LW Tk (RINEA)

%5 MESY A MoK EOR T8 GFHE) ORFEE AR
FAFEEL AR B O F o S K

RIfE. um 5-15 15-25 | 25-50 |50-100 | >100
ﬂﬁfﬁﬁ@ﬁ‘ 500,000 | 32,000 | 4,000 | 1,000 | 100
TEEHFRELL
=D, mL |3490.180 | 96990 | 3120 | 140 0

. H VI EREFER THLMBALERL MW L ORH (LY
H =AW Hv 600 LLE) OB EEhTnb, K51
HH 5 WA F L7 T A MZOWTOIEEE DORRFE
(Cleanliness limit) " &, A EA 234 U 7= 35 {4 70 35 1
FEOBITHLD, ZORFMEEMZ 2L, WL IV T O %
WCEBMEBIARSCERZ R THNE RS P, 2400
7R84 1y NV 7O B O B IEE um ~ 30um™
THHDT, FHERENTH > THilh s 2 MIBRIIC
ADARLDS, Ry T7AREAEERILFITIEmp T A ND
TEEOTIE G EE R AR OB R 7 RRIEL T,

6 AEBICEDHEVATLDIRDEFVDIEITER
6.1 HEVRATLTOIERFE/INAFHADIRDEEL)
BITHMIEY AT ADIEH BIRDFEADT 7 T4 T4
MERdT, K77 TAETAXEIZK 6 DY T ATLD
Tay 72— 35, WMHERY T (blockl pump) (XEHE
M (HP_oil) % ahJE/Sv 7 (block2 valve) 12361 35
FARL—=ZIIHWE VT ZHAELT, 784 a2 Ml (Pilot_
oll) IZXV Ry TEIOF#EZEAT . FIEHMOTIM O 1h]
HHVIIFHREHIET S, Zof#E S zmEd (CHP.

ol) ICXoTMEE—FRMEL) ¥ REDT I F o
I—% (block3 actuator) ZBEy73, T X IEERER
(Work Component) »MEBI$ %, {EIHEbLNIZEIE
M V7 % B UTIREM (LP_oi) & LTHA VAl
7Y AT A (blockd) 12D, HHEISNT (Cool LP_
Oi). 74 V% TH#EEN (Filtrate LP_oil) + 2 £
(clean LP oil) &L THANF 7 (Reserve LP_Oil) #
TR Y ZICAD B E AL SN S, HL, RiRAGE)
7 &N A FIMOREEE DS VIR 74 V7 2 EDTE L R
(filtration pressure => 0.15 MPa). 74NV FZHD/N A%
AT R0 AU KD SAHIE 7 1V 5 % 5
3712 (Bypass Filtration). & A& AT EHA
W 725N 5 (contaminated LP oil)o 7B, 4
30 2 AR EETHlRIE 60 CLLEIC EA3%720, ZoIZIk
M 7408 28895 X)) 122 )i 7 A Mo EIdED
[ e Y
6.2 INAAHDEELICKDHEYRATLOEHAFRD
RV OREHER
NAFIMOBAIZ L BT v h— DA EMEY AT LTD
PWBHNIOWTH I DT I TAETAITRT LN TE
%o (1) WHRAS AT 72ER > 7Tl KAa DB 241
ML DT v A —HEEMPICAEK S5 (Generate Oil
Pressure and Generate Lacquer in HP oil)o FvH—7%
GATEEIEM (HP oil + lacquer) 1&alE/ IV 7 ICHEL
%o (2) MIENVTTRELWF YT =2 a v H5AEL
TIEIM ST v A —H A E M (Control Oil Flow and
Generate Lacquer in LP_Oil). FA VR T T A7 412

(‘act [Activity] Activity of Hydraulic System [ Activity of Hydrauiic System ] J 0
«allocate» «allocate» «allocate» «allocate»
block1 pump : Oil Press block2 valve : Gil Flow block3 actuator :Work block4 :Oil Feed Subsystem
Generation Subsy stem Control Subsy stem Component Actuate Subsy stem
[else]
clean LP_ «discrite»
air/qust
clean LP_ol | in breathing : Air
o
contaminated LP_oi [f'”f'g: it
: Bypass - )
. Filtration |
Jm:lj_‘ LP_ail
engine poig 1 Generte O i T 5 actuate ot : Vork
- R al: erate — : . output force/torg. :
in power : Engine E— - Work Component P & Iy Components
operator command force
in : Operator %
L J

8 MIEIATLADIEELIREBOT I T4 T4
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WAT Do (3) Ty A—%EALEEMIT 7 F2T—512
LMNBDT 7 F2T—F~D
FAA NIRRT T AT LND T4V Z IR S (Filtrate
LP_oil), & RKEME LCTHERY FI2E S, Ll

WENZT Yy h =574 NVFIHERE T A L THHEAT 60 CTLL R
THTANFEEDT 015 MPa L L&D, 74V FHNA
ISAFEDC2E FORE (LT 74 vy B%E) &7 % (plug

SRR+ AR 20 MR YEAE BN E 73 2 R BTN ¥ 2 7 A S OB LW Fik (RINEAY)

s 9

e

gV, (4) Ty h—

filter with lacquer)s ZO#fEH. P F A MR T v —28
2l S IALEMICHR A L (contaminate LP_oil). I
& A MG SN 7R AN RIS (contaminated LP_
oil)
HRESNIZIRBONAFWMOMWME Y AT L H DS
PENER 10 2R T, HY SN RIEMIZ LR > 71
WA, dhF A e Ty h—%GALEEME N1

(‘act [Activity] Activity of Hydrauic System [ Lacquer generation in Hydraulic System 1 ) D
«dlocate» «allocate» «allocate» «allocate»
blocl1 pump : Oll Press block2 valve : Oil Flow block3 actuator: Work block4: Oil Feed Subsy stem
Generation Subsy stem Contro Subsystem Component Actuation
Subsy stem
(- Fitrate LP O leise]
clean LP_¢il
. . [] «discreje»
contaminated LP_oil (- ResevelLP ai air/dus [P e—
1 in g : Air
L]
[plug filter
contaminated LP_oil with lacquer]
: Bypass
Filtration
LP_oi Hacquer
Pilat joil ol acq
>
>
HP_qi
engine powe +lacqyer CHPJ ol +lacquer
in power : Engigne I::’rfgs]ﬁg:n?l ! =G QAETE COS(EIED output force/torg an
: Generate Lacquer Generate Lacquerin Work Companent : 3 Components
; J LP_QGil
in HP_Gil
CHP] oil Hacquer
Pilot_oil 3 u
in : Operator ;‘E
operattor compand force
L J
9 MMEZ AT AICBTFB A MD T v I =R EZ DHRE)
(‘act [Activity] Activity of Hydraulic System [ Dust contamination in Hydrauiic System1 ] J N
«allocate» «locate» «dlocate» «dlocate»
block1 pump :Oil Press block2 valve :Oil Flow Control block3 actuator: Work block4 :Oil Feed Subsystem
Generation Subsystem Subsy stem Component Actuate
Subsystem
contaminated LP._di cdiscreten

F N

air/dust

.
1]

.

contgminated LP_oil

| & in breathing : Air

contaminated LP_oil

s

Engine pouf confaminated CHP_oil
- . - : Contrd Ol Flow with a3 : Actuate h o
in power : Engine N Contaminated Qils Bﬂwm Component output forceftorg ggnpmems
7~
: ccpatminated CHP_oil
bd i[else]
P /‘
in : Operator % [exceed cleanliness [imit]
operator command force
: Melfunction by Valve
Sticking or Wear
L J

10 HHINIALAMEMES ZAT LB AR
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o v b 9 (Generate Contaminated HP_Oil and Pilot_
Oil) &%V, WENVTIZESN S, HH S8

(contaminated HP oil) (21727 F 21— 4% % & CERE
BAIAD, EEME LTHAVBAE T 72 AT 2R,
SRS AN (air/dust) 2SRAT %o SHAHERD R ST
T F A NDWREDSTEFEDO LREEZ B L (@TDO,
exceed cleanliness limit). {lH& A MSHE VT (A A
YT ERA Ty bV TRTT) OBRENZAD A A TR
BRI LB AR DS Z 5 (Malfunction by Valve
Sticking or Wear)o 7H—3# T (®) LTI LEE
%0 WSV TOVEEIARIZ I LR Y7, MEE—
5% HVIMET ) YT DT IAPICTHEE D ET 5 &
T EWT o7

7 NATHOREEBEFESOBRORTHER
7.1 A HOREBEROY AT LET)VER

INAFIMOFALE ¥ A MR AICET5IRREER DR S H
WER 11 OIREFEMENR 30 /5 IS IR & s
BRL WD L, i 100 CTRE TN Ao — 505
BI2ED 5V H (radical) (222 M, SYHVEFFALV
BFO—HOMEE M LG L L2 E D45 FC
By W EPFEREALENE T A D B N4 O
Z VIV AR VEENIM L AR D BUG A ) = X L CTERA L%
e LN

EFH S N4 ANIE 135 T x 500 hrs ML Eo kT

AL T 2L T v A =D E U 5 Z L % Wb s e BE skl 1Y
THERL T P, Halr g o o5&tz s v
H—DEBIIBDON L oTze BERAEMOME Y AT
2O ENRI 110 TR M35 TITdEL Ve 20
728, FHH OIEHNR L 22K O W EJEM P e F vy U T —
Tay P oXy BREHNEIRE (hy ARy R HAEL
THD TN MDA 2T Y ANVER. BALRSR 5T
T A=A B EHEE L 72 ZOXIITLTEK
L7295 v h—%&T A4 FME 1L IREE (deteriorating)
XD, TANFIZED T v =D FrESNAIUS IR 2IRE

(Normal) &ERAEND, Ty h—1d 71 NF O] hE
%% (lacquer elimination possible) F CTEFEE b,
FIHN—IITANTIZERLTIANY LTS L,
TANVIHEDIREL ) (K9 o filter plugged with
lacquer). NA IR Y AN T v A —1TH N IR
I %0 MR A M X 515513, MES A
TADWEEE O A 25 2 L SRR BRI O R
ArobERENS,

B, BALKS TA K L - AL 4 W (oxidation
products) "' R F VAT FA VHIZERELTEBY, 74V
Yl U CHE Y AT ANEGER T 5, UBES EWT
AN FEM (1 ns ~BRERH) T RUSEDIRWT T
WiE 1R EDF G2 5 Y 59— AT 5 XD
OSSN T 2 VI E R S b 2 i3 n
b s, AL, BRSNS I

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

p

operating

SO

J

C

N Normal
4

when (temp > 100 C
& air bubble adiabatic
compression or cavitation)

filter [lacquer elimination possible]

(

deteriorating |

do / Oxdize bio-ail with radical

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

when (fiter plugged with lacquer)

contaminated |

W<—QK do / Increase dust

malfundion entry / Circulate dust
exit / Exceed cleanliness limit

11 N4 FOIRREER & 8 9 IR ERE R IX
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%%
72 N\AFHREEBOEMIRHORBR
7.2.1 INAFHMDT«—)UREHERICHS (T D ERMIEMIC
21T

T2 J— AR T2 5 A I OFRAL A U DA D 5
BRI L7012, BALZ EVED & AR IR A%
AT IVEEMOTH WA FIco VT, B 71—
R 2 T o728 0 ™ 2 X 12 OFEB TR BALER
WOWBEDIHE L 22534 F M OWAliZ. 3,000 hrs %
Z % EATMRVEB MO FBRFUEIC S 0 %0 & CTHREA
ST E £ BBV 5 B B\ 1 it E BRI R
wEOIREET, HHIT 2K A) 7 2D WERETET, T
DORRHRZMR D E, BRACA D38 R A 5 Vs
FNDIEIBE - EMUCBMNEEEL L5102 W, &
D72 FHEHR HIFMAMZ BRAE L T35 X512 BRI O
HE R 72 B ARG I £ T A 7 oS A D o A L 58 JH2 e
DHEFIZ 3,000 hrs i (5 2) EHUEKIZED . AR
Bl TR OB TR L ISR OB _FA I3 ET 2w
7o, FAVAHEEHE 5,000 hrs & LTWh, /SAF
HMOBALIEIATT v J — A B & BAARASD B % R IA THEGT
T 5

BRI AT NS T EL % DK AR AT 2 LK i
AR DR AT 5 b s P UL, Totten
5 PIHEY 3 VAR EIRAT AKX 13 0.1 % LUTFE
BTG RTEE L VWERIELTWS, FEHHD
FIBRIC 7 4 =V K i BR THIAR G IR & T g
ZFTWHOT M 10 IIEF L2 T OIREER 2R L7,
7.2.2 NAAHUNDT 1 IV FEAEDEHI DRSS

TN AN A LERETT572012, FEOITA
WREFE T Y IOV TD T v I —HERIZDWT

35

- TRRIEENHD_EIREHEE

25 }

BIFERIATIV

20 |

Egffi (mgKOH/g)

0 7000 2000 3000 4000
BERE (hrs)

12 HERRBEMROD 7 4 — )L FERBRIC 30T 2 B FIIR I T & R = A
FNIEMD A i " &RV E ) O iRl FERE 2L
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7z

AMRVEBY A T L RILEBARI (R A — v —57)
DT 4V F SR A 500 hrs 225 5,000 hrs DL ICE R
THT7A=NEFRFIIBWT T4V INDELVT v —
FAEEZBIELTNS (K13). 74VIOHBIZY N T L —
Mt =258 Fnmidh) (R0 T A0 E
LTBY, AHIETyh—ICkYHEEFY LT, A%
FEBIE 4,000 hrs THEMIZE (X 12) T, Wflio
BIME 7 v A —Hf e 3BR%R L Sy PAR Y MELTO
TN —HERIZE > TTIANVIHEN AL EZBN S,

F/o, FBEROIII YV TRBGABREG ORI ZFH L
TWw Py e Arh o s FEB LY (NOx) 12k vy
YMHIZT AN TETCEEDT v h—2 AL, 5
DTNV E BT YT VOB K BEFEAD| X 2
ENTW5E, STTHHEN/Z Y Y i NOx 1255
FRALICR L TR R 2 BRALBA LRI DS LG ST Wb o7z,
INAFIMAST D AMH R BRI # % S E o L
CIRMTH D, TROEDTy H—HRICE BTV %I
INAFIMDIRFEBRE DIRL O %2 FAF 1T 5,

8 #iskSafeMLICKDIERFRDIMFRDIESRE
8.1 SafeML®DAIR

SysML XDl L7AFBI A ROIRL B2 D &1,
SafeML & H W T Bk 2 5l b LT SR 2 Mad L7z
HL., 7R SafeML I3 # HHAROA BE I3 3 4G
B R T Lo/ ™, 22T FEHSEIREAAA
HEDBEYIFZ S LT, SafeML Of il Z % (Defence
elements) & LT=20%KR MDD ITL X MR K

(Short-term defence). %% (Long-term defence.
DT ) 25 NI SRR R 2 R 5720 O1f
¥4 (Field Survey) ZBIMUTHERLZ: (K14, 2
D XTI ALI SR E i i A DV TIEID B 7w,
Biggs & "d, O EEITOWTHIR I TR

ITVRTL—b

38R ?

odv—v
-

BDMIUXUE

13 74y BRI O k% (4,200 hrs) TH#E L7
F -
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R4 AT (Safety Score. 1k A ZiR) 2T LA
BiioTWh, ZZTIEIHNRDOBEIIOVWTLEEAITD
BHHBHAA S,
8.2 #iiRSafeMLZAWESFRREEXIKICEATS
RrE

P SafeML ZHHWTZODR L2 15 D X HI124R
K950 M8~ 10 (TR L7z fa BRI 325 5 %
IR LTV o, BRSO & LTARE Y 2B L LR 3w
A F ol H Bkt L A~ Unacceptable Bio-oil use
in hydraulic system for hydraulic excavator) (&f&Rii

(Hazard) THY. {5 AMI L DAL OV TOIEBA
B (R A~ Malfunction of hydraulic system by
oil dust) 12f&% (Harm) TH 2. fERRIFEOITCIZ A A
MZdH 5 DT, <<deriveHzd>> & LTH#A} T TRLT
W5, fEbkil (#Ffo L A2 b Harm Context) (&,
INAFHDOHAIZ L RN 74 V& ASEHZEL . Wb A b
AME SV T O A R EEFEZ 4L 5 2 & (Valve sticking/
wear caused by oil dust) TH b, EHIRRZEL HHE
FITME NV T2 B DT, <<deriveHC>> & L TR
I TRLT WA, KR (Fkd L x>k <<Long-term
defence>>) IZEMRRZP T2DDETHY, KK
B (HFoOTL AV b <<DefeneceResult>>) ZIZFE DN
HEEMRINR T AR B fk - OV AV PAIZIES
HEO Y 7M. 3 7%bbH RO O (probability
of success). f&@ B Ik I F& A @ ff = (probability of
occurrence). f& 5 3 A4 @ fif L (probability of harm).

faEIEAEDOH P (range).  fEE D BEE (severity)
EMELTR AT S, <<regDefence>> & LT M EAF 1)
DRV R (ke T L X b <<requirement>>)
B LTHREDORUN LR T 2, BEME
AT <<satisfy>> THES T o N L5 K O & &
<<verify>> CTH#ED T 5N 5Bk <<testcase>> 1L, &
AR & BRI O I D 72012 L) BARMIZEL R 5
HTLHTES,

TEBIAR R OIS P05 F 2 5N 5 HARE 5t i,
RE L ESEMOFEEZPZTE Y PAR Y FOSEZFE
& NAFMOBALZ ST e, BRHPITTANVIY DER
izl Thb, INHZDODOMEDOHMRMREEZLITIC
ENER
8.2.1 MHR=EI

kL 2> b (1) Auto engine controller] X, => T~
HIAENC L) BRI R EEMD AL 2NV TOYY) =T L=y
FRSOPERZEMAT, FyEr—TarzflEiLs vy h—
DERE ST ETH D, O ERICEST, KA
DR ZWEE TS @bk 2> b Hydraulic system
shall reduce oil pressure at a low load operation) &\
REWERPAL B0 COEREMIZTI20DL YT /|
HE %% (block, Engine Controller) (2oWTld, =~
T U &2 VW23 B (Machinery Test) (2 X&) MEES S
VB Do FFEDOR)HE (FL A b Defence Result)
& TANVI ORI 72012 WEANVTORET % T
FCTT v h—HKEHSELIETHS (Reduction lacquer

Profile Diagram SafeM.-PD SafeML-PD-Elements )
9 [ E ] «stereoty pe»
«stereoty pe» Q p— ShortTermDefence
[Class] K
isEncapsulated  : Boolean [0..1 [Clasel I’ stereotype
o .
isEncapsuid ) ean [0.1] -probability_of_success LongTermDefence
T T -cost G [Class]
«stereoty pe» «stereoty pe»
FieldSurvey PassiveDefence
——  [Class] [Class]
attnibutes
-cost
«stereoty pe»
ActiveDefence
«stereoty pe» «stereoty pe» «stereoty pe» [Class]
Hazard Harm ContextDetector
[Class] [Class] [Class]
-safety_score -probability _of _true_positive
-probability _of_false_positive
-cost

X 14 SafeML 0L %% (EozL AV b)
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formation by lowering pressure at valve to prevent filter
plugging)
8.2.2 WHRZE2
{# L A~ b (2) Centrifugal air bubble separator}

1 O EEREE PO 2 T e R R E L. ahE
R T TOMBIEMICELDT v h—EREZWS5TIETH
%o WAVEERIE, NAAMOMALZ B 72Dl R 3%
EETIFA2E (MbkfL A > + Hydraulic system shall
reduce O2 content in Bio-oil) T b, ZOEEWER%E
9 O3S (Centrifugal Air Bubble Separator)
ZDWTIE, AAVBHE T 7Y A7 212 X 238k (Oil Feed
Subsystem Test) %3 A5LENH DL, KO EIZ, N
AT MO LBALZIHI LTI 7 A F ol#z i< EThH S

(FL A~ b Prevention of dust bypassing of filter by
reduction of bio-oil deterioration) .
8.2.3 MWHRE3

kL A~ b (3) Improved Filter! (&, 74V Z DA%
HEEWRLTT v A —MEL I ETH S, aTEEERIE
Ty =L BT7ANVIAERDICIETH A (kL 2
v MPrevent filter plugging) o COERZF/-E2H L\

AR L7z B 74V % (Improved Filter with New
Media) IZ2WTIX 74V % 73 L3RI X B MGk (Filter
Bench Test) # 3 2LELNH 5. KO FIZ, 7405 D
HEZMPTIETHHR AN ZEE RNV ETH
% (FIL X MPrevention of dust flowing by increased
filter capacity) o
8.3 MREDH R

Y O HB T AR RS EMOE ) 2 T
T ANV T D)) =T FHh S RE R EEM O %
WO T2, LaL. THUSOMIE LT H#H:
ETHF T = a v 3RETLOTIHRIIBENTDH
%o VEBIDHALIZOWTHE P ik, P&z s
B2 Ko TEEIF OB R w2 WM o1E, BRI
ISDHETEIHTELZEZHLNICL TS, LA L,
INAFIMDIGE IR D XTI AN DR )e % 15123
AONBIALBHIEFI DA SN2 W72012, R R Ao
TR TOMILIOSIIREZ L EZON 5, TD/DwE
rEEC X BT TIRBRALR o+ R RS T E
o

AN LTIREESL LR AR, 57 A O

‘ pilot-valve : Filot Valve Device

: «deriveHC»
«Hazardy «deriveHC»
Unacceptable Bio-oil use
in hydraulic systemfor
hydraulic excavator
«HarmContext»

Valve sticking/wear caused by oil dust

{probahility_of_ham = "High",
probability_of _occurrence = "High",

package 9-SafelML for flow cortrol subsy stem [ SafelL-Flow control subsystem L-TDefences for filter U «testCase»
Machinery Test
«block» «block» «LongTermDefences -
Bo-Ql valve : Gil Flow Control Stbsystem (1) Auto engine cortroller «reqDefencen «erify»
| (Economy mode) L ]
: mainv alve : Acuator Moving Device (cost ="Medum, | T o STEENL? ]
' ity of ! —ow Hydraulic system shall reduce oil
«deriv eHzd» A f LT SUEEE= L pressure at a low load operation

; «satisfy»

«block»
Engire Controller

«testCase»
Qll Feed Subsystem Test

«LongTermDefence» reqDefence» werify»
(2) Centrifugal air bubble separator
{eost="Great", [~ «requirement»

probahility_of _success ="Medum'}

Hy draulic system shall reduce

O2 content in Bio-Ol

range ="Nary",
severity ="S1"} «satisfy»
«block»
Centrifugal Air
Bubble Separator
«testCase»
Filter Bench Test
«LongTermDefence» - —
(3) Improved fitter 5 «reqDefencen «eguirementy ) «block»
fcost = . S Prevert filter plugging | «satisfy» . edFilter
probability_of_success = "High'} with New Media

15 NAFHNC & BME SV TORBIARRIZH 2 3 DDOXREITOWVTD SafeML
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£6 EEARAN RO HE ZOOMNRED S 75 HH, ZLTREAITEIAMHlDOLLE

EBRKRRE | BERED | BERED | oy =
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