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Abstract -

Operational errors caused by human fictors, which is the major cause of marine accidents, include lack of knowledge,

misunderstanding knowledge, and inadequate procedures. Recently, the type of propulsion mounted on KCG cutters has been diversified.
In particular, the water jet propulsion unit, which was mainly installed in small boats, have been gradually expanded to medium and large
size Coast Guard cutters, reaching 50% of the total. Axes types are divided into 2 to 4, and the bucket types are divided into Double
Reverse Bucket(DRB) and Single Reverse Bucket(SRB), in these, the backward and steering control methods are completely diflerent.
Diversification of these operating systems can increase fctors causing human error by the ships’ operators. However, there is a lack ot
research on the maneuvering methods, considering the inherent active characteristics of each type of water jet. In this paper, we analyze
the sideway method suitable for the condition of Coast Guard Exclusive wharf without assistance, based on the astern performance of each
type. Then, a ship handling simulator was used for the experiment; they compared and verified through interviews of captains.

Key words - Korea Coast Guard, Water Jet Propulsion, Ship Handling Simulator, Double Reverse Bucket, Single Reverse Bucket
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Table 2 Classifying ship into each type of KCG's Water
jet(Yun, 2017)

Classification Below 300T 500T Over
100T class class 1,000T
Manuf. Co. H M K
Axes 2 4 (2 buckets+2 3
(2 buckets) Boosters) (3 buckets)
Steer Angle | app. 25° app. 30° app. 30°
& Max speed|/ 30-37kts / 35-37kts / 3lkts
Reverse
Bucket DRB CSU(SRB)
Steering Wheel Wheel, common(or parallel),
mode Separate
* DRB : Double Reverse Bucket
* CSU : Compact Steering Unit
(SRB : Single Reverse Bucket)

DRB Type Hamilton WaterJet

CSU Type MJP WaterJet

Fig. 2 DRB(Below 300T) & CSU(500T) Type WaterJet
(HamiltonJet, MJP 2017)
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» DRB W/jet (steering Angle = 0°)

TE>Trp Tr=0

Neutral

Th=Ts

Reverse

Tf=0 Tf<Tr

Forward
Thrust(Tf)

v Astern (Tr)
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injected from both direction
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Reverse
Thrust(Tr)

Direction of
Water flow

Fig. 4 Ahead, Stop & Astern Abilities of DRB on
Steering angle Zero(Yun, 2017)
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Table 4 CSU type water jet simulation
O Ship’'s Model

35 S -

A 7

Tonnage LOA Breadth Draft
500T 62.8m 5.3m 2.Tm
O Condition of Simulation(Busan Exclusive wharf)
Bearing of | Distance | Direction of External
Berth to Berth movement force
240°(T) 104m 150°(T) None
N~
P V’ ) / or5m

Sideway Data of 500T class Waterjet
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Table 5 Differences in sideways of DRB and CSU
DRB(Double CSU(Compact

Type Reverse Bucket) Steering Unit)
Backward . . .
Direction opposite Steering | on Steering
Steering Mode | Wheel, Parallel(O) | Wheel, Parallel(X)
on Sideway Separate(O) Separate(O)

* Status of Eng. lever to move on port

- Steer on STBD | - Steer on Port

O Left lever

- Eng. Astern - Eng. Astern
. - Steer on STBD | - Steer on Neutral
O
Right Lever | o0 Ahead | - Eng. Ahead
ratio of Ahead . . _
and Astern app. 1 1 app. 1 : 1.01~1.19
o 7t AHAE 2% 7% HAol W2 FolFel YL
"]A DRB e 35 2EHE, ¥, 28] REdf BE 23
Rrox Fo|Fo] 7HsatARt CSU W] 49 #i RE
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WgF APow zetstelof @tk aela o]F W Fu
9 SZ7)e AN AS F WAo] FUSA ¥ DRB

- 379 -



ZE}

L
hu

}31 CSU

°

Fefof

©

ekl HFdow e

S
T R fm.mu,%m
, L S n & 5
:55% £ ETgg 22 2 £85 %
T T Y T 2B 7 2 s
- em:m gl% bm.m USSWVS,nOTg% mmy o
£ 3 & £°8° Tr ESE ER - L
T e & < =59 28 s, : S iniiis EEE
- 3] s = = L = 5 ¢ =i .
= g = 2 & 2% SN wwmlmgﬂwaam S oz E g
~ 2 : o = > D n & =] = = 9
B 8% ;4@ & §L z: £%2 % S, EETE £E¢& § 5
™ .ﬁ@@s&& AW,MM 5 E Amrm %:mpﬁ%em S S
<] rl,e.n B © mti_buﬁd S £ = SN} HW )
— ealmey g -] £ laCIann < 5 O S 5 9 >
< 2 3 5 n = A = & Dionlga m S
o =854y s 2 % 88 .mw,mmm/mﬁsIammm 5 £ 87
= mSmm.mm%yam&m eem1@mm,,mcmww Mdeom ~ =
S 5 5@ g = — = md . . 8 1w © o Py = — Q
< 5 g = 5 835 A aMp 5 T Z 35 8 Q 9p) Sle=38
5 A =R § o g 5 g S g 3 5
Ss g meﬁwwmAdmmm% Ndeuwwjmmm&x “3E= G 85,
o (ee.nﬂbaY“ S - < EZEE-T g = 2= oy : 2 R 5 % 28
N O m SRR O,aODA “my Ce,l T = A = . 3 Sm 12
~ = c neSzwr) 2 k., 2 0 =T s > Q fn = 5 5 £ 0
Q m S S o T 3O /O)O ) o) &) N = > = = 5]
To5E 5 %2 amhmHML.MMd.zm.mN,p_nwmwm@.te S-e5E -
= o o g ,mmmm@mu s 25 5 2 %me%MD.mmhcm T = . V= N=Ie
= R = eny o) .LaOO.UgU@f . g = aetaegﬂu.u .m ey —
[) M = 8 wagJNat S — : g OSeeroo = I
10 TR .ms>,.1), = s h 2 % =2 £ = 3 . e..Gmc.m —
S mmwnmmwdma%ﬁmmtmmvnwmmmmemm@tmwmddm
ol kﬂam%h%ﬂ.mmLWaRe..mom.M/LMde.mCoo,n.%%%o W%m
7 T 50 g mmTIEwmmmsmK%@wﬂaw.mD S ET S8 ELS g2 8
2o g g = W&.mn.@mnlm”,.mmumneUmo.mW m%m
o0 9 a_am HeaaT..n rngHeOSTYmJ = ~
T & 2 S & ; g eSmAeaMn > o =
X 2 BT =23 g% E &L E8 88585 5 = =
o rewmmm. g S KWMGLC _ = 2]
o= g 2 TN GEEF = =5 ¥ woTom T W
HOR Z 3 — = — 15 ) = T W T ooy _voo = o o Nk
e ST s = - engﬂﬂwwvmﬂ%ww@%ﬂgng
) & — = = =2 _ o o "
i:(. = U_z.ﬂ%%i%wﬁ w?ﬁﬂw_é%ﬂﬂxﬁwﬂ@A%%W
wET A Sugere~E J@Q%@ag%%waa%wkm@
= = o - "X RN 2 o}/ ,..WPL 7o AJI.L.E =T !
T BREET & Ao o ﬂ_d%eamomm%u @%%m%%%@oq;ws%w%é%
o i " o g oo P i) o < oy N : NS i
T R AOH i 0 i o < o ar I T % o o NE nl X~ o ol o
i 30 ,quom ao_]ﬂmﬂo% mprho_ﬂurﬁ& N a Mo R %ﬂa@iﬁw ur
- 2 Mur,ﬂiD %ﬂané DzTi/L\fﬂunmo gr#i%%W@M%%%ﬂ%ﬂc%%
- R 5 — _ W o ) o ﬂtLﬂr T K _191_5
me ﬂaMUﬂrmﬂ% Lted_ubta_l ﬂﬁu%ﬁw_m;wuﬂﬂq Joﬂwmmﬂe_ﬂuwﬁﬂoﬁﬁﬂrwﬂﬂmﬂﬂﬁanﬁ
e W2 zo o] T < _ e " B oo — X X
c N W of 1 SF =T A T d "ET RN X o
qu%mw%? iRy ¥ %ﬂ%ﬂwwwi %ﬂ@ﬂﬁ%ﬁ@ﬂ%qugwg@
T Eww . e o N N "R o L B wm o m X — W
LAz %wm TR _anéb_@uﬂ% Wy oy R .1Esgu.,%éoﬂwﬂo
o T % O w W mr K L AR S - S B o w ®E 40 TR
E#Hmunimo R = Com R @ 1%1_14%_aﬂﬂ%qand WX R T g
ﬁﬂmLaﬂ&oﬂlW_auﬁ Mg ur drwlﬂylﬂgﬁﬂﬁmﬂLEoooo»7woq_mﬁﬁguml%im(aﬁmuwﬂiﬂﬁr
ﬂr.a_.oﬂiil,_ou P Il Nrﬁoﬂr.m_ﬂmMQ._.”m_;dr.ﬂaﬁuquToTAT%zﬁolaﬂ%anpmﬂﬂumueeﬂﬁqﬂ
_zfoﬁaukﬂ_ﬂi h < SR} o o ]L%eﬁu%l aﬁﬂcoisﬂ of
=) _L11H,| —_ = = - Sl R | o — ) _ T ﬁﬁ
o B I | . Wl ot % AP S et s N T o T = o] ~
N = = o s — BT T A X LoQMﬂﬂ_mOIrﬁl X =
&rweﬂ_%mﬁﬂeﬂa% © %%#%@@%M%%}owwﬂZx;owvmﬁwmzwmmwtOZOA%MN;LAﬂ.
T B R T w T g S TN T gt T e nT o
G < N ok P ulg F T v HAE L TR D
ol o b g E T E =) T E M o2 7 D o B IR o T Bt
TERe T s EE AT LE ST - G @rﬂroA%ﬁia 5
ny — o = 3R - <] <V o o= E %u|] iy < o MoR BT o HOE
<o %o of &2 of A o F T oF o B o 0 o W B <R 0 N
ol = X oy o N R — o mo s o b (R Al -y o I W
~ Jm o o Woek o M ® o Mo ol S o = Mo W om o oM = do :L F R P T
S W NE g < T = o - — K2 o | o or o N r X =X W Ne &
N © W E S o M o of ke % o R
d_ﬂo,ﬂx]]} Z]A1§QﬂL RN T o XX 5
Njo T 0 o0 X wE o = 7 R
Mﬂ_fo‘k ) TloR 0 n _zTXO
d 0 o)) o . oF N
EeﬁmﬂwﬂﬂﬂﬁQ%} XN
G ™ E TN
0T & "

- 380 -



