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The overall buckling strength is formulated with:

Pn=(%)a, +

Where,

EiAg

LR?

Pn = overall pressure of cylinder

Et = modulus elasticity

R = mean of radius

| = moment of inertia of the section composite
consisting of a stiffener

L = distance between stiffeners

— Loads and Boundary Conditions
- At 300 m the water pressure load is
p=440psi
= The pressura hull is fully fixed al one end point

The result of pressure with cylindrical stiffener
{swedge frame}, including a dircular pressure and bending
stress arising from outside the circle, is calculated in

compliance with the following equation:

3Ec8Pt
(Pn— Pt)R?

_ Ptoy
oy = Pyt

Where, oy = yield point rminirmum

Pt = cylinder stiffner loneitudinal yield strass
pressure
Pyt = pressure in the middle of cylinder

= modulus elasticity

= mean of radius

— Perform a buckling analysis on the submarine pressure hull to determine the

buckling load.
= The submarine pressure hull is a thick shell structure reinforced with ring

Pressure hull shell structure

F?%’f}anh'\SISO

U0 naoln
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= Thi two bulkhaads ane modeked with plabe slamants.

b i
i '“‘mll“'i“['r‘l‘i‘nl““uun\n
AN

A «-l

frames,

= The pressure hull shell structure is modeled with plate slements.

= Tha ring framaes (typical frames and King frames) ane modeled with CEAR slemants

without offsats.

arffiis
""'s:asﬁimﬁmr.nm |

Ring frames and bulkheads
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® Purifiers/Separators @ Valves
® Main&Aux. Engines @ Filters

lectricals ® Pumps

eumatics @ etc.

uSun i.iad. tdadud 1Ae | P.S. Advanced Co., Ltd.
187/20 Ui 1auwasIng nuovAaavdu | 187/20 Moo 1, Serithai Road, Kwaeng Klongkhum,
waduAu ASDINWUKRTUAS 10240 | Khet Buengkhum, Bangkok 10240 Thailand
[nseun: 0-2732-e89s [nsans: 0-2732-6821 | Tel: 66-2732-6895 Fax : 66-2732-6821
E-mail : info@psadvanced.co.th
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SHIPLIFT & TRANSFER SYSTEM

Access to platform Lifting Turning Transfer
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Key specifications

Diap

Length: 90 metres

acement: 2,000 tonnes
CM5-1
combal system

Shared |
Infrastructure |
operating |

system

A0mim main gun

16 tonne crane

Enhanced flight deck
capable of operating
Medin helicopters

Two Pacific 24 RIBs

Small callbre
machine guns

Medlical facilities

Large stores

MmunswinlunauaniiZoyn River Class
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Unithai Shipyard and Engineering Limited
Laem Chabang Port Industrial Estates
Tungsukla, Sriracha, Chonburi,

20230 Thailand

Tel: 66 (0) 3840 7000

Fax: 66 (0) 3840 7009

Email: shipyard.mktg@unithai.com

The Largest Shipyard in Thailand

Unithai Shipyard and Engineering operates the largest shipyard in Thailand. The 693,000
square metre site is located in the deep-sea port of Laem Chabang, which is at the heart of
Thailand's chemical and oil tanker, container, dry bulk, car and offshore trade. In addition,
at within 2 days sailing from Singapore, minimal deviation is required for vessels to reach

our yard.

Unithai Shipyard exists to provide quality ship repair, modification, conversion, shipbuilding
and offshore fabrication services to shipowners worldwide. Unithai works closely and in
partnership with owners to determine their needs and to satisfy their requirements on safety
quality and time at competitive costs.

UNITHAI

Shipyard and Engineering

www.unithai.com



ms:'imsv::;{
Wasans

N1JISO

u12105 S, UStutd Nuag

[ L]
unnaago
UNAMHNIITINISRUUBUNEBOUUUT a0 IAUAFTASUUU
T3iBadn (Nonlinear Mathematical Model) dwnsuldlwnsAiwinuas
VATIARMANTRNAFAASNN0FE UaTAIINAIMUNELA (Ship Dynamics

and Seakeeping) 28413815210 (High Speed Planing Craft) lagiuu
a0t esneuwimw lne ldduwuLaInwuUIaaeeas (Zarnick, 1978)




1Bogisoonisailnacly (s.a.nsz=0)

ﬁaﬁﬁﬁ’nm’iﬁﬂmuﬁu,@?ummﬂmsmauNmu’iz“r‘iﬁ’l\‘l Strip Theory LLae Wedge Water Entry
msmwindagldrannsaonanfidelsmuseuidinladame  Anusoiniszamsnensiy
mMsfwnTaATasfiauaziasn sansaldnuluneafumasdmyanald nanzd iy
ToulumseenuuuBalesu  Wefazsansasmulacldivenzan  denuiezdounon
msfuaeazBendsansel ludunew Validation NISAIWINEESIABIRAIWANSE
nMsnaaasaINSazas (Fridsma, 1971) uas ldnadileiuSeuifieufunmsmnaassionand saae
WSgUEUAURANTISATWIBY (Zarnick, 1978) A8
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ABSTRACT

A nonlinear mathematical model capable of predicting load and motions of high-speed planing craft in

the longitudinal plane has been developed. The development of the model is based on the mathematical model

presented by Zarnick (1978). Following the principle of 2D strip theory and wedge water entry. Solution of the

motions of a planing craft based upon strip theory and wedge water impact is well known and offers fast compu-

tational times useful for simulation and design. The optimum model is finally validated against the original model

of Zarnick (1978, 1979) and the experiments of Fridsma (1969, 1971).

REYWORDS

Ship Dynamics, Ship Motions, Seakeeping, Planing Craft.

AU (INTRODUCTION)

BaEafuin (High Speed Planing Craft)
gnwIwUszgna ldog1aunsnaelun1sineweng
IﬂﬁlLa‘wwzm\‘imiﬂmﬂumﬁﬂﬁﬂ’ﬁmﬂuﬁ”wf'] Aae
pusntRRnzsaansandewllldmeannEige
Tneliwasnusnfloufuinisluinide  aeelsfina
daFadssanigninanliufuiimsludminda wie
naudla wenndionnamantERwgewlaun yands
(trim) 282NN99N (sinkage) WAZLIIFIWINUNNTIAREWT
(resistance) a1 InTuspsdnisRarsaAmaNIR
WAFNERTNINED UAZANAINWNZLA (Ship Dynamics
and Seakeeping) Wisinlusae ﬁ@amauﬁﬁmwm‘nu
nzalwnsdirassaUssnanitezunnsnsluaniderly

Foumnsngrdnsznitadasufinin  wazde
il (Conventional Displacement Ships) Rawsivian
fisassunisaseszedadaufuinduusemonarans
(hydrodynamic force) TiinainnsiuaeuulasTaimen
289%159U 250 aRRowd lUFensieeRNS)
g9 wnuiazduuseneafinerasns (hydrostatic force
w30 buoyancy) Fesieiasannlunsdizasdauszanit
wanwiellanit

Taevaluuds nsiwnuasinneinmass
NAFNFRINNSUATANNAINUNELA d3n5avh IFEH3E

1siun msnmaasanSals Towing Tank, NsAwInlag
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mehammaﬂcﬁmmm%uuﬁugmﬂm Strip Theory L&
msfwimlmeld Computational Fluid Dynamics %38
CFD  #iBusnaziienldineuazmsinsennisfigouazdu
Fan  WaIzASUNSeaNLUUAEER e a1
930 wagdsnandousiaslaifinsiSennsneeenn i
usinsldmanfaimasawinlnguazdudon Fanaaedod
FENgniiansnnAmEsnNTIIMIUSUUg Iiaanansnin
anldldazmnluaesimesdmyrns wailndselom
Tunsoonuuuidossn  msmwinmaraasneSous
S luannsarilalaslduuusiassnisadinmans
179t (Linear Mathematical Model) %aﬁy’ﬂawﬁgmﬁ
JIMsARowzeSa (ship motions) HABENTNLE
\Feutunarmansaaoman  ualwnsdensSeEufingi
Warsdeanadalunisieiowd ludenin (forward
speed) WATYNNIN (trim) 289138 ﬁww%awaﬂ%aﬁagi
Ustnsau 9 uazlésnEe anfansidenulasfiamg
wazanE lunslradninsiunisinfaniizassise
Aolianisiaewetamasluauin  wazsinandenis
\ARusinungdafisasaasiogn uazlunsdinSoiniand
TWluadu  eeAUsznouzasAMAE ARSIz nLRHLEN
shennuiizaslpaseniminluaiu (Wave Orbital
Velocities) sonalruuusianndinenans la1u13n

IN1TAIWINN LA N WL aLE b Lo




sheweih wuuaesvnamdsenassuy TG
(Nonlinear Mathematical Model) U%ﬁ%ﬁﬁ%ﬂmmiwﬂw
NATWIEAIN Strip Theory Was Wedge Water Entry
Theory  SognituwiZuaifaldlunisrwinmarans
modazasSaSuiuin  IReEwLUUDINSHAIWILUY
Panslszan  fRnMIsaLUasuUdIaasdsidwaag
(Martin, 1976) lme (Zarnick, 1978) wazgnUiuusean
naaRszEzNAIsTeniuwNn laeinidenateriin o
(Keuning, 1994), (Akers, 1999) az (Garme, 2004)

R

awideluunanatlagin  lavihnisnaansw  Usuuss
LAZHRIWILUUSIABINNIAdnAIERT e Inanzes
fumaluladzasrendamasluiagin - feaansnld
ulalaeilidasdndaluanyginnisldllsunsn Tae
ymsAnwaseazsenluluiunon Verification waz
Validation #aswuusiass laevihniswSeuiieunadils
AUN1SNARBIaINIS8289 (Fridsma, 1971) WAZANSATWIN
Tne (Zarnick, 1978) Lﬁaﬂ'm'ﬁamﬁaajﬂﬁaﬂizﬁw%mw
FoouUUTIaes newazsinlUUszena llunseanwuuise
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S:UUHUﬂ'ISﬂOUF}Uﬂ‘]Slﬂ?DUﬁ (GLOBAL SYSTEM OF EQUATIONS OF
MOTIONS)

SEUUANNTSMSIAADWN (System of Equations of Motions) gnawIUkNugwaas Stip Theory lme

° o o o o ) a dao o &
sw1saanassMsAfonnizasSe luadnlAaaswnsn3oas: (2 Degrees of Freedom) Ao Heave waz Pitch #9nns
apsazinsanialuseanaEinsimeldanmwniseingnain (Towed Condition)

stuuwna (Coordinate System)

T 1y szuufinanldlu Strip Theory fannasdusznaumua U7 1

Xg
~
- |
G r__________ax‘
Zg
O—== Cd L//,_S.l——/ >3 —
r
z
7 \
Z Zs

SUA 1 s:uuiin (Coordinate System)

«  S2UUT(G Earth-Fixed 0XYZ
¢ STUURAR Ship-Carried SXsVsZs
e JTUUNARA Body-Fixed Gx'y'z
oealsfina iosannaiadewiiluficme Surge lafldAgidadluuuudansszuuiiin Seanansagn
azeananuuuTaaslalae lufinanssnusontsAwin

stuudunIsnisinaaun (System of Equations of Motions)
sTUUENMINsIARewTIgnWRANNIINNgiefiaasaesinii  uazileangUaindaifissdeanninIaass
STUUANMITENNInRwle lugUaes :

Mz = —(Fy + Fpq)cosf — F, + Dsin® + W )
I,y0 = My + Mcsq + My — Dxp @)
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Tnefisnns (1) uas (2) AoannsnIsiAdawiions heave waz pitch Z; udz @ ABANISNYBY heave Uaz
pitch Fp, Fepg, Mp uae Mcfd A8 hydrodynamic Waz cross-flow drag force W&z moment MN&HU [ Ao
FrunmuitAnanusadeamuiiuianse F}, uaz M}, #a hydrostatic %38 buoyancy force WA moment ANAHU
ez W Assiminzassnse

WANNN5289 Strip Theory A WS99 AinszviudaEe 1iRNNUSHUS (Integration) ANaWWILNIZ8
miGaluszuufiin Gx'y'z" vosuserasfifluusias section (2D Sectional Forces) favine usausazusel (1) was (2)
LAR3N:

Fp = f Cerfrdx' (3) Fepa = f Cerferadx' @ Fp = f Cerfodx' (5)
L L L

M= [ Cafivay O Myq= [ Coferarar D My= [ Copprax ©
L L L

L‘ﬁ;ﬂ\‘ﬁﬂﬂ‘lJi’lﬂgﬂ’ﬁiﬁmmﬁlﬂﬁ?ﬂm%ﬂ\ﬂ%a (Flow Separation Phenomena) ﬁﬁﬂﬁlﬁﬂﬂm@a (Transom)
susznauuila (Correction Factor) ﬁL%Elﬂ'i’l “Near-Transom Correction Factor” ‘ﬁlgmﬂuafﬂ&l (Garme, 2005)
gﬂﬁnm‘dizna‘uLﬁ'wﬁﬂmzuuaﬂmi Gl‘twgﬂ’] LBaNABY hydrostatic wae hydrodynamic forces Lﬁ'aLLfﬂ‘zlﬁi’mm
nsnszaneszauseliilnluadnogneins TuusnanhesnrsaSonuguil 2 uwiaifieadefiin manszaesizesuse
FusnsiwAIRAYIN T UUTSENMA (Atmospheric Pressure) ws1zvnesnlifzaslnaninseyin ssznaussnan
ausnadunelamna:

2.5
‘B Cv

o P o & o . i o ¥ a4 oo
lnen B, ANHANINGBIAISET main section £, A8 breadth Froude number Uaz X g I TITY

Cor = tanh [0.34 (- ”)] 9)

32UU body-fixed284N 8GR

SUA' 2 N1SNS=0788uaJiiSIANS=rAUSDIZ0Aa00A0 WENI50

u ——
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INN1SNAREgADY (Wagner, 1931) hydrodynamic forces TwaasRRgninwwanIaINNgwi] Wedge Water
Entry shemsAwinmnisnazaneiasusiiinssyniuingnsedaanadluwin Inensaasiliingnasdsmnnin gn
wnuisenszawaasiRRenefTRT uuﬁuifle'lmwﬁwamaﬂmﬁﬁifmmn’hm’mlﬁ'a gravity 861311132878
uaensemurasfAdasfAYAUdRT M RNeageRRsnIANTURNANGUR 3 msrwnTmuafing1
a1 agiuuﬁug’maaa Potential Flow Theory Wazmaan1skileynieie Boundary Value Problem &N158531113
wWasnuUaluausingasaosnalugasfif (2D Rate of Change of Fluid Momentum) viSaussluaasfif snansaden

Talugu:

D : d
fh =ﬁ(mav)=mav+mup_ug{mﬁpj (10)

N4

db
dt

N
N4

SUA 3 nquij Wedge Water €ntry
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Wa U=x;cos8 — (2, —w,,)siné (11)

V = igsin@ + (Zg —w,) cos @ — 8x' (12)
V = ¥ sinf + (Z; — W, ) cos 8 + B[, cos 8 — (z; — w,) sin @] — 6x’ (13)

Toeft m, Aosaainluaesfif (Sectional Added Mass) U waz IV Aernudilufirnisewiwuassa
annfunszgngeaasy 1V Aednsnisiasuudases V, Wy, 482 Wy, ABRNITILAZAINISS
2898%pN 1AW TUARUAHEFU

(Wagner, 1931) LLﬁ’ﬂEUvW]ﬁ'JEJ Boundary Value Problem LLazﬁ‘gUﬁNmiﬂa\‘l sectional added mass
wazdnInsiURewuUas Tiaglusues

T
mg = Cpy prz (14)
th, = Cpbb? (15)

o A o a & a =) '
lpef C,, AodnUssdnd2eeuIauiin (Sectional Added Mass Coefficient) Z9iUuluuwmnsinglumu
JUNS9asing (Payne, 1994) unssingnmsaes €, Mwmanzaxluglzas:

Cm = (1 - pB/m)? (16)
USIRREAUANANNANRATN cross—flow drag ENR1SaAWINLARN:
— 2
Cefa = Cp,ccosf pbV (17)

Tnefi Cpe RodnUszanduag cross-flow drag &9 (Keuning, 1994) wueyinl#ld 1.33
WSIRBEFIAORE Lbda9RA (Sectional Buoyancy) a1x1safwIndlann:

fo = apspgA (18)
lne ay, WU 0.5 dmsunsdiniSeuansienaEage (High Froude Number) Z3AS8UARNYN 7
nseizasSalsuiuin

wazgevine usileawsznInAUsIEasansarmwIalean:

1
D =§PCF5wU2 (19)

=1 d“’cs s d'éJ 1 Y] 1 a 9 9 1 [~3 s J =
LLs\'iLaslﬂmumﬂumuﬂimuagﬁwmLLU‘sv[,uLmLau"[,mm Fl'J']NLi'ﬂ%LL%’J?I%’]%ﬂUﬂix@ﬂg U, Nuwn
a (=1 %3 =1 >3 a Qe‘ (=} é’ dln = U o
NIUeN20967L58 .S'w uaz dnUseindusadennw Cp IpenwnRdanaInisan leainnisvin
USWusaasiiinanzasse dnUseansusadanniunileain ITTC Correlation Line

u ——
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wnAn (3) — (8) aslw (1) — (2) azla:

Mig= - (J- Corfrdx' + f frrfcmdx') cos £
E i
-I Copfodx' + Dsing + W
L

LLﬂ&ﬁElﬂi:ﬁl’lElﬁ'JLLﬂaﬁi’m ) E]ﬂﬂ"i]gv[,ﬁ:
Mg = (r.»- sin BI et dx
i
+kg cos {?I Coomdy’
i

+¥; cos 8 f C; m,dx’
i
—Z-sind @ f Cpymdx’
i
- cusﬂf Coptngwdx’
K
+sin E‘EI Cppomi e, dy’
—ii I Copritgx'dx’

.

+ f Gy it Vidx'
i

dm, .,
= I ﬂ:,UVﬁdx
2
. dun,
+—-:osei'f L;,-Um.,?dx
x
L
-l f G thmipdx”
L
+I CivCnr msﬁpbl’zdx') cosf
A

f a,, pgddx’
I

+[0 sin @ 2z

+ W

Iyy B f O foxide! +I Cirfepa¥'dx’
i L

(20) 4 J’ Corfo¥'dx’ = Dxp (21)

L sinﬂj Crompx'dx’
i

+X;vosdd J- Copmmax’dx!
L

+#;cos8 f Comyx'da’
L
—Z;sinf E'I Cipmx'dx’
!
- cuﬁﬂj Crmaw, x'dx’
+sind ﬂj Cpomm e, x'd !
L
- J. et x' 2y’

+ f CoptitgVa'da’

j G ,rHV ~ = x'dx’

+cosﬂf i.'.',—,ﬂ'm., a — x'dx

+é J' Cop Uimax'di’
L

+I Gl cos i pbVix'dx'
i

+ j ayppgAx'dx’
L

=Dxp {23)

hs%’ﬁﬁnh'ISISO
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MsUsIGH 9 Tw (22) - (23) gnrivne e lugUaaemudssa Ui

(24) (32)
C, = f Cermgdx’ Cy = j CipMgWin,x'dx’
L L
(25) (33)
Cp =f€:,.mawwdx’ Chg =fCrrmawwx’dx'
L L
(26) (34)
Ce =j£'trmawwdx' Cx =ICrrmﬂx'zd.x'
L L
(27) (35)
f:D = f crrmax’dx' l‘:g = J‘ Etr?havx:dx'
L L
(28) om (36)
Ce = f CerthgVdx' Cp =f cﬁuua—f‘x'dx’
L 3 o
(29) ' (37)
am, awy,,
Cp = J‘ Ct,.UF?dx CQ = f CprUmy, ?dx
L L
P (30) ' (38)
WW ] I ¥
Ce = f CiyUmyg, ?dx Cr = f CorUmgx'dx
L L
(31)
Cy = f CorUm,dx'
L
WA (24) — (38) aalw (22) — (23) annIMTAReuiiazaglugy:
Mig= —(#sinfC,+x5c0s00C,+%,c0s8C, I, = £;sin6C,+x5c0s880C, +F;c0s6Cp
—Z:sin@ 0C; — cos Cg +sinf OC, —Z;sin@0C, — cos O + sin 0 OCy
—fC, + Cp = Cp + cos B + 60, —HCy + Co = Cp + €058 Cy + A0y
+f CCpc cos B pbV?* dx') cos 8 + I CerCpc €08 B pbV? dx') cos @
L L
-f ayrpgAdx’ +Dsinf + W (39) +J‘ aprpgAdx’ — Dxp (40)

i L
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fednananfiiefuaais lUNeAuiNe289ssUUENNNT WASANENNRFIWN &5 = 0

M 3 Cobon 88, — 0, cos8 = —(# cos 6 6C, + £; cos 8 C; — 2, sin 8O, — cosB Cy +sin 8 BC- + € — G
+eosd Cq + 60, + fﬁ..lﬂ,,. cos i phV dx") cos it - J‘“}rr’.l-”qu-‘!dx + Dsind + W (1)

Iyl = CocosB &g + Oyl = Xc cnsﬂﬂi,u_-,-.-?[,s111 BOCH —cos8 Gy +<m~‘”ir_,¢+l" = Cp + costl Oy + B0,
{42)

+j Lo Cnpcos oV dx’ + J g Adx’ = Dxp
i 1

(%
v d

(41) - (42) swnsndenlviaglusUaasuansndlanod

M~E=ZF (43)

LLae:
=M1 Z F (44)
Tmedi:
M= M + C,cos’ 8 —ED cos E] (a5)
- —Ep cos @ }.y +Cy
3= [ff:] (46)
ZF [F'+DSInE+W] @n
- D.xd

waz F, uaz Fy Aalnaneag hydrodynamic forces Wz moments fiamantitneanuaaissoan(y
] a do 1 o 4 @ ° o 1@ v guo o

APes & NAwineananazduamss o padagin demassniianyhliiusiunaus ez
ldalarnag # waznisnszdn & Twdsnandnl swnsznslasudayaoenaieswal time history

n1sg1a9In1sinGAouiivaadolunduund (SIMULATIONS IN REGULAR
WAVES)

TunssiassnsiAdouizasiBen sxressuaNmsnsaaniinna1 liseme sndewdnlusunss
RanRsastiadiglumsmuIn dnwazgaenssiaasezduwuy Time Domain SeanansaliuanisAwinaan
315l Time History 28990A7HI39 AMNHET UAZNSNT2AR FINEINTINIZNEFPBILSIRAERRINEISE (ggﬂﬁ 4)

amﬁnumxwaoﬁau,azamwLLaﬂﬁaumamLaﬁ%ﬁﬂmiﬁﬂaaa %Lﬂu"(,ﬂmumiﬁwaaaﬁuﬁmﬂm
(Fridsma, 1969) uaz (Zamick, 1978) fvazasaumgulniaunnnsdiamnaduwlulafesfawluaniwmsniase ne
AndnunzzasiaSafinanaaszUsznaulmesseniasSamaung (Deadrise Angle) Haus 10 agr aufls
30 B9AN UATTIALELATYN ) AHATTIN 1

ﬁ%ﬁﬁnh'\SISO
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CONFIGURATIONS

V=0.074m? Loy = 1.15m, VCG = 0.06m, B=0.23m

Model

V/VL

Deadrise (Deg) LCG (m from transom) Radius of Gyration (m)

4.0

20

0.44

0.29

6.0

20

0.44

0.29

6.0

10

0.37

0.30

6.0

30

0.45

0.28

msi 1: padnvaiawizves luaailglumsiiaoo

o oz
Ship Length

SUA" 4 N1sns=07esuaJiisInannduenddo (Pressure distribution along the ship length)

u ——
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amﬁﬂwmzﬂaaﬂﬁﬂumiﬁmmﬁ FzEwaLREIARRLUUUNG (Regular ~ Waves) YT
Tneaslduosagmaospanl  H/B = 0.1  uazanwenmdwius  A/L=1.0 &  A/L=6.0
ArmMEBEIS05ering VINL =40 - vaT:E-.ﬂ Uzl 4 m/s - 6 ms) MaEsEad  Time
Histories 284n1331a0egnunawaluguf 5  Taewtiauasaudslsfié (Dimensionless Parameters)
289N15n52360 LUwIRg (heave motion) N13N32AAYDIYNNTLANTIIVINY (pitch motion) ANASILWIRGT CG uae
ANASILWIRTIRISe

15 0.6
A8 Pl L
= o
Rt 2 04
ey =
18 & 045
19 04
" o2 o34 205 a8 100 s 982 044 986 LT 100
time (=) time (&)
ns + - ¥ = |
| :
o ? ‘ & -t
Iy P | =2 1
[
i . . - . .
% 9.2 004 805 Be. 100 B 962 9.4 965 (=] 109
time (5) tirne (5)

SUA 5 floagauad Time Histories voinsd1aoJ

N1S31ASIzRWAANdNSN1IISoLazAUANYIUzAIIWAINUNELA
(ANALYSIS OF SHIP DYNAMICS AND SEAKEEPING)

nazoin1sinansde laslduuudrassneadnrmansnelinuanunzasasanaznziannan1ilwiade
gy azgnynliiiusudsl3aa Tnemsnssdnluumine (heave) uazywnszan (pich) azgnmslvidudmainiu
anngirasnin Zg /H waz 6/2mH /A mwddu wazansiseissessalasnismsliifudadiwiuanaise
aousolind Zg /g ues b/g
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mMasianedaya azvinlugUiuuaes Response Amplitude Operator: RAO gofudnuwaznisiawe
FoyaraswarnanimasauazanaNTRANERmMUnzIf iustaunInats FanaanmahassiignuuanthisudsTs
HALLE axgnﬁnmwﬁamhmamaamfmﬁﬂ:mﬁ'umﬁu (Frequencies of Encounter) wazlu3auliguiunan1snaaasan
158289 (Fridsma, 1969) WazN15418892849 (Zarnick, 1978) m’mgﬂﬁ 6-9

Heave RAO Pitch RAO
1.5 : : : 1.5 : : :
,—<
1F 17
& =
= ks
T g5 —#— Present || Ei 05!
—%— Fridsma =
—*— Zarnick
0 . . : 0 : . .
0 2 4 6 8 0 2 4 6 8
AL AL
Heave Phase Pitch Phase
60 - - - 100 - - -
40
50
== 20 5
0 L
0 L
-20 -50
0 2 4 6 8 0 2 4 6 8
A/L A/L
CG Acceleration Bow Acceleration
0.6 T T T 1.5 * T T T
0.4+ 1t
)
3 =
N =
0.2t 0.5¢
0 0
0 0 8
AL AL
‘_gﬂi'l‘ 6: Response motions and accelerations of planing hull model g = 20°, V/VL = 4.0, H/B = 0.1.
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Heave RAO Pitch RAO

2
1.5
]
— 1
<
R —%— Present
0.5 —*— Fridsma
0 —¥— Zarnick
0 2 4 6 8 8
AL AL
Heave Phase Pitch Phase
100 100
50
50
= = 0
0
-50
-50 -100
0 2 4 6 8 0 2 4 6 8
AL AL
CG Acceleration Bow Acceleration
1 4
3
o
305 .
2y
1
0 ¥ 0
0 2 4 6 8 0 2 4 6 8
A/L A/L

Uit 7: Response motions and accelerations of planing hull model § = 207, V;"*.I'T= 6.0, H/B = 0.1.
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Heave RAO

3 6
—#— Present
—#— Fridsma
2
)
T
N
1
0
0
Heave Phase
200 100
50
100
= =, 0
0
-50
-100 -100
0 2 4 6 8
A/L
CG Acceleration
6 20
4 15
=
3 =10
] R
2
5
0 0
0 2 4 6 8

AL

Uil 8: Response motions and accelerations of ing hull model g = 10°, V/VL = 6.0, H/B = 0.1.
i

Pitch RAO
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Heave RAO Pitch RAO
2 : - : 3 : : :
15+t
=3
S 1
I —#— Present
0.5 —*— Fridsma
0 . . |=—%—Zarnick
0 2 4 6 8 8
AL A/L
Heave Phase Pitch Phase
100 : : : 100 : : :
50 1 1 50 1
0 0r
-50 : : : -50 : :
0 2 4 6 8 0 2 4 6 8
AL AL
CG Acceleration Bow Acceleration
0.6 - - - 2 : : -
0.4 1571
o O
123
0.2r¢
057
0 - - —% 0 - - ¢
0 2 4 6 8 0 2 4 6 8
AL A/L

gﬂﬁ 9: Response motions and accelerations of planing hull model g8 = 30°, V/VL = 6.0, H/B = 0.1.

13U 6 — 9 axdwlshuamshaesmewuuiaastigin SelndRasiuriuanamasasees (Fridsma,
1969) Uaz (Zamick, 1978) FafunsBudulszansmwansszuusnnsuazansilaluwuusaamsndinFan i
nMahEwensneEdn waeaiseluguuuuzes RAO uamilifinin mameusuassesseluaiusansa
uvsoaniln 3 du:
«  duATEE (Low Frequencies) n1amausuasluguiignaununlnemaniifedasiunisnsdn
(Terms associated to displacement or restoring force) L'%aﬁ]zmﬁauﬁmauauaﬂﬂmumwﬁuax
uanUAgAZEIAAY AN289 RAO axgiin 1
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o HWANNNSIINAIA  (Natural Frequencies) MIRBUAKBIZBIARWIBENUAgNAIUANIABLNEN
fgdaeiunNE, (Terms associated to velocity or damping force) L‘%aﬁl:ﬁLLaNﬂﬁgﬂ
Fa9NsIARanNnaUEnasNINNgn (Peak RAO) laatawizlwnstiGaniiynenvivoionaaanem

. =) ° ' . % Y o v & @ oo o
(Low Deadrise) #sazsinlugiiywnzasnis Slamming Iaensusugnentisialigeamiinisni
TumsnanidesssdyminlunsdinGeazgnin luldwnzialn

o @uANNAGY (High Frequencies) n1smausuaslugnuignaiuanlagmaniineIdasiuaaise

(Terms associated to accelerations or mass force) BBWAZBIAAUNZIAZARAINEIAL 1%

msmuaumimﬁauﬁmaumm LLE‘lzLL’rﬂN‘IJaﬂﬂﬂﬂﬂﬂqiﬁlE}Uﬂ%BGQZﬂﬂﬁha\i

dasy (concuusion)

wuuassnadinAnanslagin - uamsliAnisUszBndawlumsgninanldlunmswinwarsns
maBauazanaAmnzarasSaSufinin Jaduwiuaouuazandnuzd Ay isasdiiiilunisaanuuuibe e
fazgananaausudgelmiAnramangaarisluudrasanaaandadilasiaine uazmsufiRnisuasgnida Snvia
dofidaliuSeudianananvinanldlumsiwnlaeFidssnanfusaidmyens  aaraEwUFaimiminens
wazmilalunisdwin fuanluunanadagts  wwudiaesiaslalunmsdwinlunziaunfmii

nssmsUatuuudaas ianansammnlunziadasnansayin lede  IngassasAnuiussansainwazannadnly
Tslwlanmasialy

enigadn waldiiausslenigegaluwimannuuuuaz3ins1zvinie Hydrodynamics and Seakeeping
209150 WUUTIAINIANRAERTH  zgnaauUasuazimm lvaasaldiunsdlsaasenaly  1dleagqed
UszAndnmluowian iaduwnismausuasanasioinisiuniseanwuuLazsaisazanaeinGs
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1. Uryknsanfiugodrioirdanziaoannas

=

QANUYIIWSYI

dmsuiSaiudyns lidesduEasunseSandizd  nManze
gagnseesousaSe (Hul) azvinlnminnEaSoanas Semasfissuy
mstlasimnies (Antifouling system) Falaevialuazldnnsndndans
iriZedasinnsineAIZannied W Tributylin (TBT) Waznaduad
(Copper) woNaNAIEUA? Twszuune (Pipework) TiRBIRIRINELE
wanldinn ww msliimsaszuneanasewininrasmsssaniiem
AIN38% (Heat exchanger) ‘zlmLﬂ‘%@ﬁ%’ﬂi‘lmgr"imwzl,ﬁmmilm:ﬁazlm
ISe9maTa LaziInsasladie



NwiEasuAUgUaMsTun=a

=1 o a o &
LWBN5LNNLFAIYDINT HIRTIWIBNINA 1
919SINALHNIZUUAIY ] HEATIIIWIA BI% Y
=] 1 =1 o [~ U =] s s
Sapng 9 S lwsaeiszuutlasiwnisinzsizad
a 4 oado o a = o & aa o &
WS ENIAIB ARG eITNIZAY  He35Tlaar i
ladeniuasdidunugnnit JUn 1 uanms
> § § k2 é =)
gARKABILATEILANLUAEBAIINTBWAILARIIN
Wwaes  dena lrniaauzasvinluvaanasyinlvdas
v @ & H & o aaa
Twdsomlumstusinangy  wanandiaesiadin
W 1WSe9Rn (Acorn barnacle) wazdeNIman
A 9 axisaensnansauaaslanzle thasain
ANSLARAINLANFA1I20IUSHIUNDDNTLAWIZHING

a da dga & '
UﬁL’JmﬂﬂﬁNﬁ'JﬁLﬁaq%Lﬂqzag
(a) (b)
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2. 2J95830U2IWS8IRU (Life cycle of barnacle)

a o o & o = 1 4 o ' |
LW?EN‘Vi%mLE]N’JEJ%NWJL%I“/@’]WML‘U%m%ﬁaﬂ

Yioozaunses  lneiSenfisanssasusnin  walnded
(Nauplius larvae) fhsawsseziifianuasfivdvae famais
(Calapace) LﬁmﬂmNLwaﬂuTmﬂugmaamwnm
SEIRYDIFIDIUTTITHAINGEEN 3 ﬂ ‘Vi%’mﬂ‘ﬂ 1
(Antennules) BLaSNIIN
(Mandibler)

Ruazunasinowdnd ngnlaazmon ww Alaesed

ﬁmma‘w 2 (Antennae)

FEaWIZHZHABEITUZIVADE  WNAINFDH

Crrms

¥ settlement &
metamorphosis

(Chaetoceros sp.) waTANa LAt (Skeletonema sp.)
Wuemns wawniedazaenasiu 6 ASS AawaSudn

o

fgawszezlandn (Cyprid larvae) Fofimands 2 ¢h

AHAFIAWHAR

q

falansmazlifinovnsaunseioaane
semwamg 1 wazazinaaenwuasBnasiussanm
1-2 ifew  Beduadiurfinzaaniesuazggniafinies
windiule (5U7 2)

Developmental schedule for Balanus
iz at 15°C raised on diatoms

lonema costatum
o (appendages

ﬁa{r&‘f

SUA 2 WwSsURU (a) 20838100IWSEIRU (b) SEe=0aMSAULIoNS:g:Uolwaganis=e=Tswsa [1]

3. nasvadnuwselturnodiiinzalagtdsoounaiund

Blpammnsesluvadnaneds  wWuw  nsuEe
Seavwnasuas msdaaeiniagn U lwiemeinngiadeas
yldinsaunsinlulwzadaaondes (Osmosis shock)
nsliRAudesRaage (Dusin usasisadarsaide was
HANTSNURBEIWIRADNENST% Clare Grandison WAZAN
2] lavusndayaismstlasiwmwies Wisuiieudas
Fafe  uasmansznussdwndasiaiauaiduuninme
TunsdanszuuiasiwniesdnsuiSazasnasinse
padALAY 91NNNSANEI289 Clare Grandison WaZAME
win mstasiwnseslnelddeaunasunainisnis
ilsna wisoslduSunnBoaunasuasadneios 10 ppb
Seazanasaranwsecls  HeBeaunasuaatadenass
songanlunsaifiusnaldnwduiuidalufimslne
Seuzasimaia
Shi-De Ma

nasuasLazlanznasuasnaNsan1staeiwnses Taevin

WazAME [3] ANWIENSNWa2aY

F?%’f}anh'\SISO
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wiwnasuasuazlansnasuaINENsIWIN 15 #a Fd
USMNEuNasuAIUANAaTiv 2713 100x100x2 aiw. TUuzlein
USdN Qingdao Hhanmanmdeu 8 U lmemsia
FOUANWMUZNISINIZADINIEIUBLHWNBILAILAZE RS
MSAANIaNIBILTNBILAY HANISANEINUTY ANHTR
Awzaanasunafinan 2 Tade Thud snafidauwael
NBILAY 1 Be, Cr, Sn uazUfifSenfifiazasurisnasun
Fosnansnasreansiwls SoikdwewnagaufiiuSinm
NOILAIUTEHIW  70-80% LLasﬁﬁqﬁuLﬁaﬂuﬁamN’ﬁm
PostimndeslgRnindununagauifnasuns 100%
d1msusazasnasrinsalnesinisldssu
Jooiwnsesluriassuuiien Aa NsHARSeanNadLmAg
InedldlwSeswin 4 a1 TewA 5.8.45781d 5.8.Um6
Tiszuutlosiunsasasssnean (4] sansd W
sxUUUa9wnIe2asuiun  Cathelco  UssimAaangw

waz  5.8.99%  Weruutasimnsesaasusen  KC.



Uszianwa [5] ssuuilasiwndesmnasiones ldnan
msiugwReiure sldnanniszegagsianinslas
dousznausiae 1. onlua (Wimeaouag) 2. ualna Gase)
3. wrssnelihnszuanse 4. snelWidonsaszwinan lua
wAlnALAzLYAIENY nanluANSHERSaEWNBILAY AKA
mslonluanasuasiadniuiiuin  (+) 2odunasans
uwazsatauiuEate (o) anszualwilngnanaluds
uwrisnasuaseziinUfisensandinduiiurimasuns vinls
nasuagyLRedianasauLazuaNGNTwEaauNaIuag
5i8nmsauazlraduunasinglusannieiaSedesany
Fau Buanesevaznasananiaunazynufisentun
nnendulalasiawuis sUf 3 wansmevinuweasaad
Siannsles uasannisfl 1 uaz 2 uamsUfA%en Anodic
waz Cathodic 289LEaaBLaN NS Las

3.1 UszinnuaJanlua

winfizasenluade  MdmnSesuaztlosiunis
ARNTOUIDITTUUTIENN (gﬂ‘ﬁ 4) aluasansaudele
3 Uszaneioit

—na9ums (Copper) Basaiiadasimnies Saam
gaanasumasazsusonsiulprosmses

~azgfiien (Aluminium) Ramaiatloeinnng
fAansaumeluviafvihananlavewannguinan

~W&N (Soft iron) Ramaiveilosiunsiansew
meluwanvhananlavzuanngaman
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Usaneeviniusnadmuwiadasiuwlilvdmunans
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O )
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Reduction . e Ouidation

&
~-— gatlons
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Electrolyte
ELECTROLYTIC CELL
SUA 3 msriuuwedisadaianinsiast

Anodic reaction Ty — O™ +2e ANN19N 1

Cathodic reaction 2H,0+2e — H, +20H" E{Nm‘jﬁ 2

3.2 35n1srinaauvalonlun

e lwinszuansegnineainunaedne T
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nanefiudaaunasunsenusamsi 1 nantiudoa
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Jushiugeeuzasmasums MARIINuienasumenaend
Copper aluminium floc (AI(OH)3Cu20) [6] Zost
ATTHLATEN LLaxmiﬁmmxgﬁ Lﬁa Copper aluminium
floc sanamgnivawshluussuurimziauS nfsse
nsinazasimzasn  deusomsnaiasduusond
finseanumzardeag i iwwdsendwdiluluszuy
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4. s=1U8UISNISANTUINUINY
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SoaunasunsUsznaulumedmdAy 4 dw  leun
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5. wanasnaaad
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Equipment

Siern Tube Sealing Intermediate Main Engine

Shaft QearBox Flance

Propeller \/

Bearing Loading Thermal Stress and

Thermal Deformalion

SUA 1 tanJs=uudundauIZonUs:nousdoeluons 1a=S=uulwarludns [1]

wuSesuimanludnsnllwiSasuzasnasinise A
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(rubber bearing) Lﬂ%‘fﬂ@ﬂizmmﬂﬂmﬁm LL‘U%GVLN”
WUSIWA uUSenaaraes 1usm
Teeunasnaonuazlauuy  wawnlssen
\A309na naelseo grvsiSesuys nangnvaise
Toemwiivimind lunswaatudanes lnase 9 naaaan
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findnannanndaclaeldisnasuuy Sand Casting 22
Tittaasoundalalaaysal fswswmduunsdan vildd
gaadeswinlidasiigasindulunsalng doualvide

LAMLAZIUUIZH I IUNIN

Bearing

Specially formulated molde
nitrile rubber lining.

Engineered geometry optimized for
superior performance.
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‘Ydllv[,l;ﬁl'mﬂ'ﬁ%éal,l,uu Centrifugal Casting WU'JI'Ifl
Sand

NANISNAFAUNANINNISHABRUU Casting

dusouamTwauN MIndauuseTumaSensanva
N39nszUaneslsswnaenasnwas liuuy  laldnatia
NManABLUU Centrifugal Casting fauamnsluguUf 4 vilw
Wummnisaasnisadauudesumanludns sudu
fndhazasiaminislunsusul R wnwaaad
Tesuraenaasuaz vy usagnelsiis nsnaauuse
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WoTuil 9 Rewen WA, 2559 lsaaunas
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ATUTOUT Y (25 °C) 25.23 J/(mol-K)
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6. U0odauKinowdsSo (Key Success) ua=n1siasunisgoausu

o a '

TadeurisanadSafidndny Ao Anusinfionn
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COMPAC Seawater Lubricated
Propeller Shaft Bearings

used by over 40 Navies and Coast Guards

* Proven Performance

* No Catastrophic Failure

 Low Accoustic Signature

e COMPAC Seawater Lubricated Propeller
Shaft Bearing System

With over 35 years of bearing experience using the proven
principles of seawater lubrication, Thordon’ s propeller shaft

bearing systems are simple, reliable aund oil-free for newbuilds
and conversions

T H ) R D o N A0 U5 & EssnAa ndn
J 305/15 auuvity
wanuuuatltasd Luaade
THORDON BEARINGS INC AgaNe 10300
. - Tvsdww 0-2241-5269, 0-2241-5305
asuxdINISISO Tnsens 0-2243-2362
www.Thord SR vl DO SEmhai Dot e-mail address : seri_ent@truemail.co.th
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More than 53 of the world’s Navies rely on Sauer Compressors
in their aircraft carriers, destroyers, frigates, corvettes, patrol boats,

submarines and mine hunters.

Mavies that appreciate such special design features as:

easy maintenance and accessibility
» low noise signature

: I = high reliability

e T » low-weight, compact design

202 Ship Progrommes

Ei

7 Based on the feedback of Navies' experience, Sauer's
- :43,‘#.‘ - know-how results in a steady stream of innovations,
e N e.9. the WP5000 HF air compressor with its 100 %
balanced free inertial forces.

_,_M;‘}_._ = Innovations that give Navies the technological

.140 Camjiressors leadership to tackle the challenges of tomorrow’s
world!

1115 Shipa

N2
VA o 745 Daring Class destroyer of the Royal Navy
equipped with 3x WP 5500 campressors.
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J.P, Sauer & Sohn Maschinenbau GmbH Sales Agent
Postfasch 92 13, 24157 Kiel v uadoen $iie
TELEFEN 0431 39400  email info@sauercompressors.de Tnsdimdl:: 02 331 2322

(ELERAX D431 3940-24° wra  WWW.SAUBICOMPressors.com e-mail  seninfertrade@rochemasia com
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nisdaus=ansniwiudns Voith Schneider Propeller (VSP)
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MAsuEnMNUsEENSnwzasludnsludnuasiSolin
(Free running characteristic) (gﬂ‘ﬁ 4) MaAnEde
Temoannfginiingunseludnsuazsisaifionsosa
iy o Jufivimaneassldlamniswdewudasen
Advance ratio of the propeller, & &mefanla
Waegwulas wonandiiarsannausianzasluingio
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memanafiSadinsmansaiAnaEfdRRwsiusay
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torque, thrust coefficient Ky Kg. efficiency -

c
&=

=
=]

=
.

=
ha

§Uﬁ' 4 IWUNMWUS=ENSNWU0IIUONS S.8.810KW

annsnneddaslunsnnaasiusznaumeUssanSanusinan (Thrust eficiency) a8nsh 1 UszBnsan

200u590m (Torque efficiency) AN 2 wazUsznsnnlnesinaesluing (Propeller eficiency) axn1sn 3 laes

= gdvance ratio of the propeller

Rz BEnsioT
Thrust coefficient (K. ) = T/AP/2D.LV (@unsii 1)
Torgue coefficient (K) = O/ p/2.0 LU? (Aum57 2)
Efficiency (1)) = A K/ K (AN 3)
oy

D = diameter

L = blade length

) = blade peripheral speed

T = thrust

Q = torque

A

P

= mass densily

DNV STANDARD , RULES FOR CLASSIFICATION OF SHIPS , PART 5 CHAPTER 7 TUGS, SUPPLY VESSELS AND OTHER OFFSHORE/HARBOUR VESSELS
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anuruzNalubaInisnadau Bollard Pull

manedau Bollard Pull {un1sinnisie (w3e
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WasanlmeinazinladnAn Bollard Pull 284
ludnsanlaseniside (waezan, STBD) dnsa
a5eusenanteannninludnsain  seusena
(Wghe, PORT) Useannd 4.06 % lwamsi
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Twaza9 Input and Output Tudnsivhaan
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SUA' 7 mMsnaaosAisIfwn

Delivery Power
Bollard Pull (Ton)
No. STBD PORT
STBD PORT | ShaftRPM | Power (kW) | Shaft RPM | Power (kW)
1 2.3 2.82 352 109.5 330 120
2 213 2.47 337 56.9 322 122.9
3 3.28 3.13 336 130.4 346 130.3
4 3.28 3.36 326 126.7 348 63.6
5 3.3 2.68 337 61.7 335 125
6 3.62 2.78 338 131.2 338 143
7 3.7 2.66 342 81.1 340 58.7
8 3.82 3.34 332 150.3 335 124.1
9 3.23 3.2 340 149.2 338 140.2
10 3.08 4.06 347 142.3 339 124.3
Average | 3.174 3.05 338.7 113.93 337.1 115.21
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i) - B e
LTSI 5T TR S




2PN i 3
f"’ ',.-..'. 5

PIPING SYSTEMS

S PANEL & CEILING
INSULATIONS
DECK COVERING

INTERIOR DESIGN

MOTOR BOAT

---------
= I"____‘*_ _

~SSEEEEEEE




\C
MECHANICS

WE PROVIDE...

THE BEST QUALITY ENGINES AND
VALUABLE SERVICE.

EA MECHANICS PARTNERED UP WITH WELL RECOGNIZED
WORLDWIDE BRAND DEUTZ, GE TRANSPORTATION AND
SCANIA AND COMMITTED TO PROVIDE THE BEST QUALITY
OF PRODUCTS AND SERVICES TO VALUABLE CUSTOMERS.
47-671HP
EA MECHANICS STRIVES ON PROVIDING THE BEST RANGES

OF SERVICES AND MAINTENANCE WITH HIGHLY TRAINED

AND SKILLED TECHNICIANS TO GIVE THE CUSTOMERS THE

SERVICES NEEDED.

EA MECHANICS IS THE COMPANY COMBINING THE RIGHT
MIXTURE OF GLOBAL RECOGNIZED BRANDS TO OUTFIT THE
PERFECT OPTIONS AND SERVICES POSSIBLE TO OUR
PRESTIGIOUS CUSTOMERS.

2201200 HP

EXPLORE US BY QR CODE

TEL. 02-722-1118

FAX. 02-722-1311

EMAIL. INFO@EAMECHANICS.COM

&
WEBSITE. WWW.EAMECHANICS.COM Distributor
FB. WWW.FACEBOOK.COM/EAMECHANICS GE Transpertation M m“




Reliability
Centered
Mmaintenance
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KaNNISYaJ "nsursisnunlaginoudnBodiolugudnany
Reliability-Centered maintenance (RCM)"
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Reliability Centered
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Reactive Interval (PM) CbM Proactive
L/ Small items . Subject to wear . Random failure . RCFA
L Non- critical out pattern » Age Exploration
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& Unlikely to fail replacement wear . Acceptance testing
. Redundant . Failure pattern L PM induced
. e - Known failures
SUA 1 uanumsuszensitginalulad
lumsUrss8nueng 9 PM-Preventive Maintenance CbM-Condition Based Maintenance
AtuATETUMSUNS IS RFCA-Root Cause Failure Maintenance FMEA-Failure Modes Effect Analysis
WupwUnBodals

dJunoun1sANGUNISUINISUISISNUYN
TnosnwunBadoWugudnaty (RCM)

Usznausie 7 dunaw Ao

1. WS (Function) MMIvineTweas
gunsninIairsasinsmaneueaiiimus Tnesiinwns
Jauvaduszuudas  (Sub-Systems) iial¥iEfiiasizr
oiuArndAanzd  nAnAsIRNFUEWY
9AUsENaY Winszuudasin 1

2. WosaaAwmIMANISEIANgRLFeTia
donalgunsniniairiodnsliannsorinonls
(Functional Failure)

3. #sandadeniaanesng 4 (Failure Mode)
fiezdonalwgunininiainIeednslasumnadenie
Tovendeismssing 7 soit

Drs@NKISISO

Roval Thai Naval Dock

31 Bmshmsziuanssnunazgiuuy
ANLAENE (Failure Modes.and Effect Analysis : FMEA)
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DEFENCE &

SECURITY

SUCCESS IS BUILT ON CONTINUOUS CONSULTATION
AND INNOVATION. WE APPLY THESE PRINCIPLES TO
DELIVER THE VESSELS AND SOLUTIONS THAT OUR |
CLIENTS NEED.
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Departmant of Alternative
é') Energy Development and Efficiency
& miNISTRY OF ENERGY

B100 usage
3.57 (MLPD)

3.58

2015 2018

3.64

Biodiesel Action Plan

3.77 384 3.50 3.58 14.0

2018 2019 2020 2021 2038

«&47  Increase yield & efficiency of oil palm production- Ministry of Agriculture & Cooperatives

Implementing excise tax scheme
tor BlO dlesel vehloles MoF

e

Ea Promotion of B 10 as an optional altemative fuel
(Gas station coverage, Price incentive, Public awareness promotion)

B10 Specifications Establishment
(DOEB) & Price Structure (EPPO)

¥ B10 utilization test for personal pickup project
Eax B20 utilization promotion in large tuck project
a Pilot study of commercial B100 utilization

Y in agricultural machines project

Preparation of administration

= management of B10 distribution

,b H-FAME Development
(Production and utilization)

SUA 4 inAlulad H-FAME Agns=umelsliwuljuanululodisa

3. Kann1swanluloAsanunwgdindeinalulag H-FAME
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Touatia ldangdedon (Polyunsaturated FAME) sl
WWOTANINNTY 1 Wuoz (NsmAlwiadn, C18:2 uaznsm
alwiatin, C18:3) Widwniiaesinasaainsa lusuadia
Tsidnddoiea (Monounsaturated FAME) ﬁﬁﬁuﬁ:@:
1 Wwsz (nsmlawadn, c18:1) nalnmsiinuifsenlalas
nduoanialoaines [3] ﬁauam"lugﬂﬁ 5 NIIMER

O—CH,
H3CA:/M/Y

o

H, 1 Cat.

H3C\/\/\=/¥/\/\/\/\I(O_CH3

[e]
H, 1 Cat.

O—CH,
H3C/VM/Y

o

H, l Cat.

H,C \/\/\/\/\/\/\/\/\r{ 0—CH;

o

Tuledanunmgedsrinllalundie lsauiialadusn
(Unsaturated monoglyceride, UMG) Lﬂﬁﬂugﬂﬂufwm
ﬂﬁL‘d@TﬁﬁﬁﬁﬂﬁNﬁ’J(Saturatedmonoglyceride,SMG)ﬁ?&l
uazdonalwlulundizalssiinnisanaznanuasuen
sananlulafzalanzuuazieln fow lulofiza
AMNNGY (H-FAME) findals fusinalnTundiolsa
wazasAUsznavzasnsaladuaialus udaanas &
\whgsn iU fiSeoonfaduian  uaziunIwia
nluloswanuaalwdendizdlnevly

wiialadaivas
Methyl linolenate (C18:3) nsnlvilidumvilaiieou

lalasSmduunedau

Methyllinoleate (C18:2)

wiialadmnaivag

Methyloleate (C18:1) nsnludiuliSudaviiadaden

lelasSiusuauysal

Methylstearate (C18:0) T -

nsalvdududa

SUA 5 nalnmsinaugngenlalasaiuduvaiuhalodinos

}fé‘ﬁﬁnh"lSISO

Us:91U n&ola
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Ineaunawnisnan lulofmanmnIngans B
v lulefantvuiisenlalasfinduuisdiusae
= a s o 4 o a

wSasufnsaluuudonin  desudinawiuung  (Batch)
a o ° acaa & & Y
Tnausanalalasiownldlunisvinl jisenunanediv
USuuasasrsznaunsa ladwada laduslnlule
fiwa  lulaRwantiwnszuinnislalasduduuisdin
udmzgnasehanaannsialulunfdalss smenszum

o

magadu  leeldansaeduddta  (Siicic  adsorbent)

ufelelmeu
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umranln
Lelmsinri

pm—

| — = = X
1

b e

L, A

du gummmirr
Tuliafes (FasD)

USansosa: 3 laevnniin  waziamvinn@auwinlu

lodiaaanlaenisgaduselaansadn  (Molecular
sieve)  lenduwdnsiuilulofwanmmwgensaiienin
H-FAME Trelulafimaamniwgefindnles azgninly
AimmziRueaiisng 1 walwilulumannsgiuzes
Tulafiausznalne  sumauwnsndalulafianmnmn

g9 pauamnslugun 6

r' Silicic adsorberit

R e
qﬂrmﬂrﬁa{ p= = n:mw'n‘ﬁ.r —
= =y
FRAETE Lu'fm"ﬁammr T

sUA 6 dussuniswanlulodisanmuniwgs foenssuoumsialasdiusuunidou

4. aruduUavalluToAsAuNWIINwARRuINATUTad H-FAME

insnlulszinalneagaudmsunanlule
Rizadanlngazanammidulidadundn vlvmsudn
Tulefianmnwgovda H-FAME sinlsangudalule
Agsnnihiuhdudindedidunan  Wolulefea
W3o FAME /mnszuiwnnsialasiudvunedinuaas
Tinnsarmandn H-FAME sansnvhliSanasEn
foaw sauamalugudl 7 uamamaiUSeuifisudnumzna
MBATWIEAII FAME fiu H-FAME annsinsiudndsndu

o

TQHU

OssdnmsiSo
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wanands SevimsiATeiRmEEnI0ARd
dayraslulafmanmninwgs ww Ussnalalwndelss
USinowin gegu Ussnaudies Aafiesnmsianis
Feeandiadn  Wwiu  iawSeuifisudululofiaa
Govndind souanslumnedl 2 amduldilulofias
A wgeiilnlunfvelsranmasenafiulddaanain
058 Soeazlmesimunlwlulesiza (FAME) Jw 0.13
soeazlnevvinlnlulefiganmnings  (H-FAME)
waelulunfvelsdufindusfianasneg  dousannlal
ndwalsrafanlnlulafiaiudiuarinliiAnaznan
Tnlulofiwanasludnadmiigiiussfindnanudiadad
Buan AadseniAzesnIngsiandawsasiarvun
dnwnzuazann wgas lulafwalszinniniiaoanes
gaonsmlade WA, 2556 szydn Usimlalundwelse
Tipaifin 0.7 Seeazlaeivein Souslulafiasa
ANT1971 2 ENUNIATFIUAEIUTEMAZEINTNGIAANENTH

aznawAaN1salinwlada lulafiadilunanle

o

4 & ' a o o ' I
dnsungeaundn 97 @uanslugun 3) agrslshinw
Wovhlulafwanmnings (H-FAME) Tlunanluemngamn

é’ =] =] 1 a 3 s
gormln 010 waz G20 Tawumznawinausouansln

o

Un 8 sennaziEnlainnmsusulgsaannlulesiea

2ol

srewmalulad H-FAME JumsdieanuSaamznan
anafngnlunstiiszmalnesosimaiadadwmsld
nululafiualvigonidndmuaniagiud 47
wananiinalulad  H-FAME  Seaefia
AudntRzaslulaf@asinaLdiasnInAan1sLAR
sonBuinlieiuain 10 Falue wiandin 50 Flug vilw
H-FAME siufimnaiafiesnwannisd iiasanusanm
winasmaszansa lkiuadialddusanas  usodnals
fABan1sin H-FAME siufiuavinlnangagwdnds
@ 13 asrades 1Jw 15 ssrdaed) deanasua
RaAnuassn lwmslramnisesadluaniiznisldon

luloRwangungfien 9 W uneanmnoe

A1s1IA 2 AruduURndArguasTuTedsantiunisusuusInunNIw
fAouinalulad H-FAME WSyUINYUNU FAME

AumeR ‘luTefien (FAME)  TuloRisenuamga (H-FAME)

TulunBive'lad, foonz Tambnta 0.58 013
TulunBivnladwiinbud, faoos Tneinnin 0.30 010
TanBiwetad, foonsTaobmin 0.09 0.09
Tninfewolad, SooneTambnin 0.06 0.06
nRmoiume, foonz Tamimin om 0.00
nimedutmnen, Tooas Taminnin 0.18 0.05
mnoiongTn’led, fooncTaeinmin 28.2 9.7
sailsenouimenmed, founs Tneimin

- irilmeerme faiiaduds 52.47 57.49

- uitnnmmadvia litudFaRn 37.91 -

- uitmammadwia hidudefou

9.33 1.08

Hunanh, fovazTambnnin 0.20 0.325
Auntiornmasnimimeandin, ¥1lu >10 70
ATyas, BamnEne 13 15
Ay, pamurmdon 161
Wanudnmed, linfinfudeiTaniy <3 <3

u ——

st SIS©
OrsiigNNISIS
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sUA 8 Wlbdisanrumuwgondadouwau (n) 010 uas (v) 020

5. asUinalulag H-FAME

BRI TN A IO TWYI LA AZNA N0 RBNT2nINeT WA, 2558-2579 (AEDP2015) defiithvisne
mslewdsomnauns 30% zeinislindenunonaazacsamalng Tudiuzaslulafigain et vuadimanens
Wlulafwalinl 14 & wdsssatn H-FAME FoezadwnalulagniadonIndfisnanseldlunsindmdawnsly
Tulafiwaligeanls  seauantlamswnionitlulafwanall  wazanansoudnldaningiufinainnais
wonauanasnsidnuwludnndmnasiigiiuluinduiza wananid H-FAME doldgnussginldunitalu
waluladnadonsasunmimmwndsunaunsuasndsrwnadonatuiagiv sanwidanaldlasimsiuands
Wiuuddn H-FAME wnalulagniodenlnddnsundandsuwiinm fasdudmndielunmsimdssmalsmg
TughaninlsagnedoBuuazsinmg
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