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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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Oil Feed Subsystem) (ZA%o &H#DEEEL VRIS
KBFBEILIC, BIEMMAMRITEMIC 2 2D FE B K1 I
A EHT LD THAIV 27 —F (0il Cooler Device) TH
YD, 20, KEMIZ711 % (blockd.1.1 filter: Dust
Eliminating Unit) (XA S 2 MASJEE SHIES > 27

(Oil Tank Unit) 25,
5.2 AESERAOH RS

5.2.1

NAAHMDBEILZECDYTVATL RV T,

INILT) [EDVTDER
INA AN BB Z 8 O S LT EA R 3R
RENTELT, MFEIARICOEDINDHLEEZ LN S,
ZZCANEY AT A DVEBI AR O N & PLE§ % 72812,
EDOH T I AT LAOHTNA F MDA T B %S

THLLENDH 720 K6 THALZREITWREES BV
TIYAT A, BAEIRENEOWIER Y 7 TH LA, A

4223V 7 (block2.2 main-valve) RYEEREZE 7

pe
in force : Operator 7 T

-

(act [Activity] Activity of Machinery Domain [ Activity of Machinery Domain ] ) )
«allocate» «allocate» «allocate»
:Engine :Hydraulic Sy stem ‘Work Component
force . output force
HE EXEZ?'hate ] out force : Earth
engine =
ane Py [ ] ton - Rotate output torg.
: Provide iy . X :
'--- [~ Hy draulic Force [ ] Ex;?é;tigg u _>| out torq : Machinery |
LI L
fator command force R outpu] torg.
] 5 [RULRY ] 3, out torg : Earth
Machinery
Power Off | I, in breathing : Air
> Powdl k(@) S
«discrete»

)

5 WHRIBEMEAL Y OT7 7T 4T 4

ibd [Bbck] Ibd prvConnecting Structure of Hydraulic System [ ibd prvConnecting Structure of Hydraulic System ] [

block2 valve : Qil How Control Subsystem block3 actuator : Work Component
- s o Comma:d i ] : = Actuation Subsystem
L1 > " block2.1 pilotvalve : Pilot o
Pi!:_on p2 aljelovico CHP oll I Hyd-motor Device | . —
et i —L 1M ] Retation Torq 2
ilot_oi
Pilot_oil Pilot_oil 'l Retatijn Torg 1
J5SH) L k CHP_oil
2 ' - : . - Cab
[_l_’_ mwn pump : Oil Pressure | block2.2 mai.n-valve.. GHP_oil
— Generation Subsystem -| | Actuator Moving Device Stop Torg in No Supply of CHP_ail
Engine Pow _oil il
{ — [ }—l : Wet Parking Brake Unit
L !
LP_oil
& 3
block4 : Oil Feed Subsystem
_Iblock4.1 : Oil Reserve Device CHP_oil
- Ol Tank Urit chdil ;
Lol CHPL ol
—
L | :
block4.1.1 filter : Dust LP o
Eliminating Unit
i Air ;
N — r _ [ {1} ForceftoCylinder
L] breather : Control Air Pressure Urit + Oil Cooler Device : Hyd-cylinder Device J__r}__’_‘[]
Work Equip

6 FHRBMOMES AT LDONE 7Ty 71X
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¥ A7 24 (block3 actuator) FOIMHEE—FRMIET ) ¥ 5
BT BBALDTRELEIC OV TIIHET ST WA, JER
B PR SN AR T F 2 v LV EA K
JEAR Y7 (21 MPa) TlREMEZITV, ) ¥FTuys
T30 CLL Lo 15 (iR 80 THH4 110 C) 35
CERRMLTWS, WHISEIUDETE S 5 55 5 3 W BT
FEZ LD 1,400 CTLLE (35 MPa o;4) Oy ARy b
RIEUCTRBONA T iE MBS 27200 P 81 F s
fELCTI v h—thb e TE D,

AEREMIC BB O TOY TV AT LD FIV
F—IHLKIL 60 ~ 75 % P T LA FHHHOMET
XZDIBIMER Y TAHKI 15 % AL 7V THHY 25 %
Tholze TANF—IHIIIMED FAHITENRZDT, 2
A 7OV TNOMMIRATHER > 7L L@ W &b H 5 L&
WETED, T AL 207 PSS E & KT o Ja]
BICHER T2 2= b (W) —=T7) 235D, Bk
N o MR EL BRI BRALR L, WES AT A
VK2 B DS B S 7R THE S ) Y RMEE— %
OFENILEDL . RERETEMA) ) =7 RhSEED
FANFEH 72 A7 2 DM (block2.2 main-valve > 5
H2H O LP_oil 1) (ZfR S, BB )L F —H3 8L
WCEHEND, ZOWRFEAETE)) =T R TOREREEN

(1) Bzt > T2 L, Wik 100 T (iR 80 C
DY) ERVIMER Y TOIMREFSETH S,

H=p - Q (1)

CITH X)) =7 RH»50%EHE (K]/min.). p i)
V=7 (MPa), @&V =7 (L/min.) T

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

(block3 actuator) ~OEEMD GO J7 A% T2
L=y MCHZANF—IRIIV Y =TT =y PEFSET
KREVWZEEZRLTWVD, ZOEEMOTN D)%
5=y bCIEA AV HE 100 m/s BLEcichc '
BLVFYETr—3arziRld, TNIINBEANRRR
AR L 728 mIC b A AL AR DL Y, k)
BRWMLWF YT — 3 » TIEABO BRI L) il - wE

(#4700 C. 100 MPa) OFy bAEy F P pArze
ENb, TOPTIHIZEALFFIREE THIHIN DD,
HDHVIREEEDT VTGN D PP ik
JBONAFIIALL T v =% BT LHfEE ST
%o B, WERYTHNTEF YT -2 a VX415
RSB 5ETL P, ChooRiEroEES
& MERY Z7EMENSVT TTI Y A—=DEL B2 %
IR ENTE,

MEE—=FRMES) V5 THT v h—EEAIEINZ S

Synthesiology Vol.12 No.2 (2019)

A VT NS A EEIIIMTEAR > TRAAL O T HAR
v, @I HER T € — 7 25 A O [ldR ) ) £ 2
RRICF Y BT — 2 a VICLBIEEZ R I L2AN BRI
NV TOHBTHESNRTWS B, ZozdilEE—%
RIMES) YT TDT v h—HERIIP 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 L ETHMH T AN EHIRT L, EHD
DOEHERB TRV T—2 5 (k) DTNy
FEUERIT 5 um L RO S A% 50 % UL R TE
Bo THUZEDWP Y AN ORFF QEEE) 1ZMES A
TALEEEIND EBREL TICHZON D, T4V FH
WEVEDNEL DL, TANTHINASAFRD BT
R 74 V8 2 @S NN 8 7 ICABREHI R 5T
Who T4 IVY SRR & A b O IR A E A O BT
X 250 ~ 500 hrs & EhTWwa,

HR D XDV & 2 MEAHB S A b & NER O 58 BEFE
WD S%be IHRT AMIMILEY 7 IEBFSINIZT4V
£y &7 1) —4 B9 (block4.1.] breather) 5. Z2RDHA
D EFIRFICHERTRAKE LTRATS, 7T —FDT74 V5
OB DT, MV A DR AL 3
HYAND—RELRST VD, TDTANTITHAVHT AV
FEFRLENVT=ABMZM->T WD, FHEES A MISELR
BUBTIZ AN, 740V F 58, MER— AR
T Y AT ADEHIFIC SR AT %o

CO7DMHP T AMIIIEAROER (F3) LK

JY—4 G2
TU—HR ﬁlﬁ

T4)L%
T4 — ,(
R HF AN
{EEH
i T ouem
=2 NEAVE:
HMES D

o

1 ¥ [amroooms

7 MEZY Y 2ET4NVY - TY—FORAK
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%5 MES A MoK EOR T8 GFHE) ORFEE AR
FAFEEL AR B OB F o J 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

. 55V EREFER THLBALER 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 B L, 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 T7AREAEERILFITCIEmp T AND
TEEOTIE G EE R AR OB R 7 RRIEL T,

6 AFEBICEDIHEVATLDIRDEFVDIEETER
6.1 HEVRATLTOIERFE/INAFHADIRDEEL)
BITHMIEY AT ADIEE BIRDFEADT 7 T4 T4
MERdT, K77 TAETAXEIZK 6 DY T I ATLD
Tay 72— 35, WMHERY T (blockl pump) (XEHE
M (HP_oil) % ahJE/Sv 7 (block2 valve) 12361 35
FARL—=ZIZHWE VT ZHAELT, 784 a2 Ml (Pilot_
oll) IZXVRY TEIOF#EZEAT, FIEHMOTIO 1A
HHVITFHREHIET S, Zof#E S zmEd (CHP.

ol) IZXoTMEE—FRMEL) ¥ REDT I F o
I—% (block3 actuator) ZBEh73, ZHUT K IEERER
(Work Component) »MEBI$ %, {EIHEbLNIZEIE
WA V7 % B UTIREM (LP_oi) & LTHA VAl
7Y AT A (blockd) 12D, HHEISNT (Cool LP_
Oi). 74V% 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 MO REEE DS VIR 74 V7 2 EDTE LR
(filtration pressure => 0.15 MPa). 74NV FZHD/N A%
AT o AU KD SAHIME 7 1V 5 % 5
3712 (Bypass Filtration). MM A& AT EHA
W 725N 5 (contaminated LP oil)o 7B, #hEh#E
30 2 R EETHlRIE 60 CLL EIZ 235720, ZoICi
FEME 740V 8 28895 X)) 122 )it 7 A Mo EIdED
[ e Y
6.2 INAFAHDEELICKDHEYRATLOEHAFRD
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—%
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). FANWVERE 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 Contro Subsystem 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 out < Work
- R al: erate — : . output force/torg. :
e Bl Pressure i Work Component P i by, Components
operator command force
in : Operator %
L J

8 MIEIATLADIEELIREBOT I T4 T4
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WAT S, 3) Ty h—%FALBEMIT 7 F2T—%51C
LMNBDT 7 F 2= ~DEBILNE Y, (4) Ty H—
AR 7V AT 2D 74V 7 IR S (Filtrate
LP_oil), &2 EME LTHRER Y 71085, Lo,

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

filter with lacquer)s ZO#fEH. P F A MR T v —28
2l S IALEMICIR A L (contaminate LP_oil). {Hf
YA MGG S NTAR LMD 5 (contaminated LP_
oil)
HRENTZZIREBONAFWMOMET AT 2P OHRS
VK10 1R T (HY SN AR EMIE I ER > 712
WASI, WMHEFTANET v h—% GARZEEME NS

(‘act [Activity] Activity of Hycrauic System [ Lacquer generation in Hydraulic System ] R
walocates wallocates «allocate» «allocate»
blod1 pump ; Oll Press block2 valve : Ol Flow block3 actuator: Work block4: Oil Feed Subsy stem
Generation Subsy stem Contral  Subsy stem Component Actuation
Subsy stem
(- Fitrate LP O leise]
clean LP_¢il
[ «discreje»
contaminated LP_ol 5 i air/dusf
[ : Reserve LP_Oll 'm— g Ar
L]
[plug filter
contaminated LP_oil with lacquer]
: Bypass
Filtration
LP_oll Hacquer
Pilat|ol =
e >
HP_qil r
engine powel _H - g |—\:Imq.er _|_| [l CHF] all +lacquer
z TS | Jo e | [ : Contral Ol Flow and a3 : Actuate out : Work
| in power : Engine b | Pressure and E—[-h'—_| Generate Lacquer in I _ " Work Component output force/torg. 3 Components
| e I tPal | =
in HP_Qil i =
s Y T
) i o CHF] cil Hacquer
Pt ot T i
. __l e E—
|in :Opeslar -
L | compand force
L )
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_ai [U] sodter
- - i air/dust
s || sReEvele] k———————in breathing : Air
L]

contaminated LP_oil

ot o contgminated LP_oil
=
Engine pouf confaminated CHP_oil
- : - : Contrd Ol Flow with a3 : Actuate ,7
in power : Engine | Contaminated Oils Bﬂm Component P Toretn ggnpmvgﬂt
7~
: ccpatminated CHP_oil
bd i[else]
—— /
in : Operator % [exceed cleanliness [imit]
operator command force
: Melfunction by Valve
Sticking or Wear
L ’y

10 HHINIALAMEMES ZAT LB AR
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o v b 9 (Generate Contaminated HP_Oil and Pilot_
Oi) &40, WENVTIZEDN D, HRSN- 5T

(contaminated HP oil) (213727 F 21— % % & CE4E
WAL, AEMME LTHA VR 7 2 27 212 Y,
SRS AN (air/dust) 2SRAT %0 THAHEED 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
o M/ IVTOIEBIARIZEY, MER 7 € —
5 HHVIMES ) YT DT IAPISTAEE D EL 5 &
T EWT o7

7 NATHOREEBEFESOBRORTHER
7.1 A HOREBEROY AT LET)VER

INAFIMOFALE ¥ A MR AICEIT5IRREER DR S
WER 11 OIREFEMENR 30 /N A G IR & A
BRL WD L, i 100 CTRE TN Ao — 505
BI2ED 5V H (radical) (22 M, SUHVEFFALV
BFO—HOMEE M LG L L2 E D45 FC
By W EPFEREILENE T A D B N A O
Z VIRV ENIM L AR D BUG A 1 = X L CTERAL %
e LN

FHH S N4 FIE 135 T x 500 hrs ML ED&MET

AL T 2L T v A =D E Ui 5 Z b % Wb g e e skl 1Y
THERL TS PP, AR BN O&ATIET Y
H—DEBIIBD NG oTze BEREMOME Y AT
AOREIRIE 110 TEEL M35 ClaidEL ve 20
728, FHH SR L2250 W EJEM P e F vy BT —
Tay P oX) BREHNEIRE Ry PARY R HAL
THD TN MDA 2T Y ANVER. BALRSR 5T
2T A=A B EHEE L 720 ZOXIITLTERK
L7295 v h—%&T N4 FMEH1LIREE (deteriorating)
ZH Do TANFIZED T v =D BESNIUZIEH 2IREE

(Normal) &ERAEND, Ty h—1d 71 NF O] hE
%% (lacquer elimination possible) F CTHFEEN 5,
FIHN—IITANTIZERLTIANY LN EHES L,
TANVIHEORBEERD (K9 O filter plugged with
lacquer). NA IR Y AN T v A —1TH N IR
I %0 fMICIER 7 A M X 515503, MES A
T LD E OB A 2 5 2 L SRR BRI O R
ArobENENS,

B, BALKOS THAEK L 2L 4 W 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
WE 1R EDF a2 5 Y 59— AT 5 XD
OB BN T VI I E R S b 2 i3 n
b s, AL, BALAERYIIMICRME S A2 I

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

operating

S

{ Noma )

o
o A

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

filter [lacquer elimination possible]

deteriorating

entry / Activate bio-oil: generate radical
do / Oxidize bio-dil with radical
ext / Form lacquer, oxidation products and radical

when (fter plugged with lacquer)

contaminated ]

malfundion

\

entry / Circulate dust
do / Increase dust
ext / Exceed cleanliness limit

11 N4 FOIRREER & 8 9 IR ERE R IX
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%%
72 N\AFHREEBOEMIRHORBR
7.2.1 NAFHADT«+—)U RHBRICH(FDEE@IZIIC
21T

T v I —HE AR $ % 3 IO ERALAE B DA O 5
BRI L7012, BALR EVED &R FIRITIR A%
AT WM OT BN A IO WT, B 71—
R T o728 0 ™ 2 X 12 OFEB TR BALER
Y OUWEEDIREEL 72 5734 A+ WM OFAMIX. 3,000 hrs %
2% EANMRVEBIO M FBRFMEICE 2 %0 & 2 TREAM

SIS E TN B R E S B\ I EENR I R O
HOWET, PHITEKEBIEA) 7L DLERTHRT,
DORRHRZMR D E, BRACA D38 T R0 2 A 5 Vs
FNDEEEE - BRL TR &2 AL 25912425 W &
D7D FEHR HIFMRAMZ BRAE L T35 X512 BRI OEE
HEI 72 B ARG R 6 B T A T V2N A 3D A A VA 6 1
DHEFIZ 3,000 hrs i (5 2) EHUKIZED . AR IE
Bl IR OB TR T I IR OB L3 AET 2w
7o, FAVAHEEHE 5,000 hrs & LTWh, /SAF
HOBALR AT » 5 —E B & BFRDS S % 5 % I TR
ERAD

BRI AT NS T EL % DK AR AT 2 LK i
AR ERM AT A ES b s P, L L. Totten
S PNIMIE Y 3 VA IR AT 2K w13 0.1 % LT E
LD TGS IRIRELRNERE LT VS, FEHD
RIS 74—V F 3B THIK G R 13 & T e il 4t
ZFTVAHOT K 10 [IZFRRILZ T oIREER 2R L7,
7.2.2 INAAHUNDT 1)L FEAEDEH DR

TN AN A LERETT572012, FEHOITA
WRERE T Y IOV TD T v I —HERIZDOWT

35

- TRRIEENHD_EIREHEE

25 }

BIFERIATIV

20 |

Egffi (mgKOH/g)

0 7000 2000 3000 4000
BERE (hrs)

X 12 FEREEMRD 7 1+ —)V FIRERIC BT 2 B RAIR IR &R = A
FNIEMD A i " &RV E ) O iRl FERE 2L

Synthesiology Vol.12 No.2 (2019)

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 —
FHEEZBELTNS (M13) 7ANVIDOHBIY R 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 =N LS TTANTHENEL 22 E 2B N5,

F/o, FBEROIIZ VY TRBGRABREG ORI ZFH L
TWw Py e Arh o s FEB LY (NOx) 12k vy
YWMHICZT TANPTETCEEDT v h—2 AL, 5
DTANVTBIIZI DT YT VOB RIEFRED T XS
ENTW5b, ZCTHASNAT Y Y NciE NOx 12X 5
FRALIZ s LT R R BRALBE IR RIS BC A ST W dr o7z,
INAXIMAST D AMH R BRI F % S E o L
CIRICTH D, CNODT v h—ERICLE 74V 7 %L
INA D IREEERE OIRL T OHEE 2 FEAT 5

8 #iskSafeMLICKDIERFRDIMFRDIESRE
8.1 SafeML®DAIR
SysML XDl L7AF B AR OIS B2 D &1,
SafeML & H W T Bk 2 5l a8 LT SR 2 Mad L7z
HL., 7R SafeML I3 # i HAOA BEGI1I0 § 4G
B R T Lo/ ™, 22T FEHSEREAAA
HEDBEYIFZ S LT, SafeML Of il Z % (Defence
elements) & LT=20%RMD L X MR K
(Short-term defence). %% (Long-term defence.
DT ) 25 NI SRR R 2R 5720 D1f
¥4 (Field Survey) ZBIMUTHERLZ: (K14, 2
D XTI ALI SR E i iR A D W TIEID B 7w,
Biggs & &, BHOR ERITOWTHIX Y T R 7%

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, ZZTIEIHRDBEIIOVWTLEEAITD
HHbA S,
8.2 #iiRSafeMLZAWESFRREEXIKRICEHATS
RrE

P SafeML 2 HWTZODR L2 15 D X HI124R
F35, X8~ 10125tk LGBk 3 50 %
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) THH. P& AMI L DAL IV TO/EBA
B (R A~ Malfunction of hydraulic system by
oil dust) 12f&% (Harm) TH 2. fERRIFEOITCIZ A A
Wz d % DT, <<deriveHzd>> & L TR 1T TRLT
W5, fEbkil (#Ffo L A2 Harm Context) (&,
INAFHDOHAIZ L) RN 74V ASEHZEL . Wb A b
AME SV T O G R EEFEZ L 5 2 & (Valve sticking/
wear caused by oil dust) TH b, EHIRRZEL HHE
FITME NV T2 B DT, <<deriveHC>> & L TR
FIFTRLT WA, ®R (koL X b <<Long-term
defence>>) IZEMRRZP DD ETHY, KK
B (HFDO L AV b <<DefeneceResult>>) (ZIZFIE DN
HEEMRINR T MR- W fk - OV AV PAIZIES
HHADZ 7, § b b3 oI o ff = (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 E A1)
BRAVETR (ke T L X b <<requirement>>)
B LTHREDORUN LR T 2, BEME
RAT <<satisfy>> TR ED T LN LK HOEE L
<<verify>> CTH#ED T 5N 5Bk <<testcase>> 1L, &
AR & BB O I D 729012 LY BARMIZEL R $
HTLHTES,

TEBIAR R OIS P05 F 2 5N 5 HARN 25t i,
RE L ESEMOFEEZPZTE Y PAR Y FOSEZFE
& NAFMOBALZ ST L, BRHTITTANVIY DER
izl Thb, INHZDODOREDOHMRMREEZLITIC
ENER
8.2.1 MHR=EI

kL 2> b (1) Auto engine controller] X, =¥
HIAENC &) BRI R EEMD AL 2NV TOYY) =T L=y
FRSOPERZEMAT, FyEr—TarzflEiLs vy h—
DEREBSTIETH D, TOMKFRIZE-T, (LA
DR ZWEE TS @bk 2> b Hydraulic system
shall reduce oil pressure at a low load operation) &\
BEVERPIEL D0 ZOFRE T 72D LYY /i
HE %% (block, Engine Controller) (2oWTld, =~
T U &2 VW23 B (Machinery Test) (2 X&) MEES S
VB Do FEDOR)HE (FL A b Defence Result)
& TANI DR 72012, WIEANVT ORI % T
FCTT v h—HKEHSELTETHS (Reduction lacquer

Profile Diagram SafeM.-PD [ g SafelL-PD-Elements ]J
! «stereoty pe»
«stereoty pe» Q f ShortTermDefence
' | ustereoty pe» 1 [Class]
Defence
[Class] K—
isEncapsulated  : Boolean [0..1 (e ) estereatypes
4 %
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Development of a bovine sperm selection procedure for
improvement of livestock fertility

MariaPortia B. NAGATA and Kenichi YAMASHITA*

Improving the reproductive performance of livestock has wide-ranging significance that includes promotion of local industry, bioeconomy,
and stabilization of food supply. Our research focused on sperm manipulation to improve the reproductive performance of cattle. Our
experiments were based on previous studies on infertility treatment for humans by relying on the advantages of motile spermatozoa, i.e.
spermatozoa that are able to swim against the flow of solutions, which is regarded as an attribute of healthy and physiologically functional
spermatozoa. For the first time, we succeeded in collecting a number of spermatozoa that can be used for artificial insemination and
obtained good conception results in a field trial. In addition, the field trial clarifies the advantageous relationship between sperm trajectory
and conception.

Keywords : Chemical engineering, fluidics, livestock, breeding, spermatozoa
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Efforts toward commercialization of antifreeze proteins

Hirotaka IsHir* and Toshifumi INOUE

Antifreeze proteins adsorb to ice crystals and have the function of suppressing their growth. To apply antifreeze proteins to frozen foods
where the coarsening of ice crystals leads to the deterioration of quality, we advance mass production technology. However, there were not
many cases where the quality of frozen foods was improved by adding the antifreeze protein we developed. So, we changed the direction
of development and conducted market research. Our market research revealed new possibilities for utilizing antifreeze proteins. We
promoted the development of products that meet the needs of users and began sales as research reagents in 2016. Currently, we are working

to address user problems, while manufacturing and selling research reagents.

Keywords : Antifreeze protein, frozen food, ice crystal, reagent, fish, mass production
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Measurement of mass of aerosol particles

Kensei EHARA'*, Charles R. HAGwooD?, Kevin J. COAKLEY”, Nobuhiko FUKUSHIMA’,
Kittichote WORACHOTEKAMIORN', Naoko TAJIMA' and Hiromu SAKURAI'

An aerosol particle mass analyzer (APM) which classifies aerosol particles according to their mass has been developed. Mass distributions
of aerosol particles can be measured by the APM combined with a particle counting device. Particle mass that can be measured in this way
ranges from 3x10™ g to 2x10™* g, which partially fills the mass range that is not covered by existing mass measuring instruments (e.g.,
mass spectrometers and conventional balances). The introduction of the APM has led to various new techniques for evaluating aerosol
particle properties such as effective and true densities, porosities, fractal dimensions, and mass concentrations of suspended particulates.
This article describes the principle of the APM and how it differs from other instruments for classifying aerosol particles. The article also
describes the significance of measuring aerosol particle mass and the course of events that led to commercialization of the APM from the
viewpoint of “synthesiology.”

Keywords : Acrosol particles, particle mass, mass distribution measurement, acrosol particle mass analyzer
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Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words,” the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies

Synthesiology Vol.12 No.2 (2019)

Synthesiology Editorial Board

are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas for
which the products have already been introduced into society,
but research and development conducted for the purpose of
future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well.
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews such
as opening statements, research papers, and editorials. The
Editorial Board, in principle, should commission overviews.
Research papers are description of content and the process
of research and development conducted by the researchers
themselves, and will be published after the peer review
process is complete. Editorials are expository articles for
science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item Requirement

Peer Review Criteria

1 Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

goal and the society for the society.

2 Relationship of research | Describe relationship of research goal and the society, or its value

Relationship of research goal and the society
is rationally described.

3 Scenario e
“scientific words” .

Describe the scenario or hypothesis to achieve research goal with

Scenario or hypothesis is rationally described.

4 Selection of elemental

technology(ies) technology(ies) was/were selected.

Describe the elemental technology(ies) selected to achieve the
research goal. Also describe why the particular elemental

Elemental technology(ies) is/are clearly
described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and

technologies

Describe how the selected elemental technologies are related to
5 | integration of elemental | each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and

6| future development
research.

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

7 Originality research papers.

Do not describe the same content published previously in other

There is no description of the same content
published in other research papers.
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Instructions for Authors

1 Types of articles submitted and their explanations

The articles of Synthesiology include the following types:

+ Research papers, reports, commentaries, roundtable talks,
and readers’ forums

Of these, the submitted manuscripts of research papers,
reports, and commentaries undergo review processes before
publication. The roundtable talks are organized, prepared,
and published by the Editorial Board. The readers’ forums
carry writings submitted by the readers, and the articles are
published after the Editorial Board reviews and approves. All
articles must be written so they can be readily understood by
the readers from diverse research fields and technological
backgrounds. The explanations of the article types are as
follows.

(D Research papers

A research paper rationally describes the concept and the
design of R&D (this is called the scenario), whose objective
is to utilize the research results in society, as well as the
processes and the research results, based on the author’s
experiences and analyses of the R&D that was actually
conducted. Although the paper requires the author’s
originality for its scenario and the selection and integration
of elemental technologies, whether the research result has
been (or is being) already implemented in society at that
time is not a requirement for the submission. The submitted
manuscript is reviewed by several reviewers, and the
reviewers will recommend whether the manuscript should
be accepted, revised, or declined. The author completes
the final draft based on the discussions with the reviewers.
Views may be exchanged between the reviewers and authors
through direct contact (including telephone conversations,
e-mails, and others), if the Editorial Board considers such
exchange necessary.

(2) Reports

A report describes a development example of technology
which has practical value as well as an example of new
technology which has been put to practical use. It contains
1) the aim, 2) the process of development (the course to
the goal), and 3) the outcomes. The submitted manuscript
is checked by the Editorial Board. The authors will be
contacted if corrections or revisions are necessary, and
the authors complete the final draft based on the Board
members’ comments.

(3) Commentaries

Commentaries describe the thoughts, statements, or trends
and analyses on how to utilize or spread the results of R&D
to society. Although the originality of the statements is
not required, the commentaries should not be the same or
similar to any articles published in the past. The submitted
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manuscripts will be checked by the Editorial Board. The
authors will be contacted if corrections or revisions are
necessary, and the authors complete the final draft based on
the Board members’ comments.

(4) Roundtable talks

Roundtable talks are articles of the discussions or interviews
that are organized by the Editorial Board. The manuscripts
are written from the transcripts of statements and discussions
of the roundtable participants. Supplementary comments
may be added after the roundtable talks, if necessary.

(5) Readers’ forums

The readers’ forums include the readers’ comments or
thoughts on the articles published in Synthesiology, or
articles containing information useful to the readers in line
with the intent of the journal. The forum articles may be
in free format, with 1,200 Japanese characters or less. The
Editorial Board will decide whether the articles will be
published.

2 Qualification of contributors

There are no limitations regarding author affiliation or
discipline as long as the content of the submitted article
meets the editorial policy of Synthesiology, except authorship
should be clearly stated. (It should be clearly stated that all
authors have made essential contributions to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or English.
Accepted articles will be published in Synthesiology (ISSN
1882-6229) in the language they were submitted. All articles
will also be published in Synthesiology - English edition
(ISSN 1883-0978). The English edition will be distributed
throughout the world approximately four months after the
original Synthesiology issue is published. Articles written
in English will be published in English in both the original
Synthesiology as well as the English edition. Authors who
write articles for Synthesiology in Japanese will be asked to
provide English translations for the English edition of the
journal within 2 months after the original edition is published.
3.1.2 Research papers should comply with the structure and
format stated below, and reports and commentaries should
also comply with the same structure and format except
subtitles and abstracts are unnecessary.

3.1.3 Research papers should only be original papers (new
literary work).

3.1.4 Research papers should comply with various guidelines
of research ethics.

3.2 Structure

3.2.1 The manuscript should include a title (including
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subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).

3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and English.
3.2.3 The manuscript shall be prepared using word processors
or similar devices, and printed on A4-size portrait (vertical)
sheets of paper. The length of the manuscript shall be, about 6
printed pages including figures, tables, and photographs.

3.2.4 Research papers, reports, and commentaries shall have
front covers and the category of the articles (research paper,
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Aim of Synthesiology

—Utilizing the fruits of research for social prosperity—

There is a wide gap between scientific achievement and its utilization by society. The history of
modern science is replete with results that have taken life-times to reach fruition. This disparity has
been called the valley of death, or the nightmare stage. Bridging this difference requires scientists
and engineers who understand the potential value to society of their achievements. Despite many
previous attempts, a systematic dissemination of the links between scientific achievement and
social wealth has not yet been realized.

The unique aim of the journal Synthesiology is its focus on the utilization of knowledge for the
creation of social wealth, as distinct from the accumulated facts on which that wealth is engendered.
Each published paper identifies and integrates component technologies that create value to society.
The methods employed and the steps taken toward implementation are also presented.
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