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A Basic Study on the Distance of Safe Passing considering Ship-to-Ship
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Abstract

For decades, prediction technique of hydrodynamic interaction between two ships in close proximity has
been developed. This paper suggests the standardized distances of safe passing considering ship-to-ship
interaction. In order to validate the accuracy of interaction technique of ship handling simulator, error
analysis for the representative five models is conducted by comparing the calculation results of theoretical
method and simulation method. With the verified ship handling simulator, simulations are widely performed
to obtain interaction forces for the several major factors under three forms of hydrodynamic interaction.
Using the theoretical calculation of course-keeping rudder angles, safe distances based on the panamax
container ship facing various targets are researched by considering the influencing factors such as ship's
speeds, length and water depth. A wide variation according to the speed is shown in case of moored
passing ship. Finally, lateral distance of minimum 1 cable or 0.6L(own ship's length overall) between the
hulls is suggested to pass the large target(360m in length) using a rudder angle of 10 degrees for the
panamax container ship of manoeuvering speeds in harbour and waterways under circumstances such as
moored ship passing, head-on encountering and overtaking conditions.

Key words : Ship-to-ship Interaction, Distance of safe passing, Moored ship passing, Head-on encountering,
overtaking, Ship handling simulator
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Validation of prediction accuracy
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Selection of ship models and simulation
set—up
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Non—-dimensionalization of interaction forces
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Calculation of rudder angles

iy

Calculation of safe passing distance

[Fig. 1] Research Flow
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<Table 1> Main Particulars of the Ship Models (1)

AFSE 720l 2Het J|= AT

<Table 2> Main Particulars of the Ship Models (2)

Shl? handling Experiment Shlp handling Experiment
simulator (scale 1:60) simulator
Model Moqred Pass.mg Moqred Pass.mg Model Contr?uner Ca.r TCH CPT
ship ship ship ship ship carrier
Type | tanker | tamker | tanker | tanker DD 30018 | 682174 | 096 10° | 173 107
; [ton] ’ ’
Disp.
[tf:] 104,000 | 131,000 | 118,800 | 129,600 Lpp m] | 1815 | 2289 | 0477 | 059
Lop [m] | 239 70 257 250 B[m | 30 362 | -094 | 012
B [m] 44 499 368 404 T [m] 8.5 10.88 0.0385 0.048
Speed
Tm | 122 122 157 152 [ﬁm] 8.07 9.82 0.6 0.73
h/T | LIS 115 115 1.15 WT | 5871 | 45 | 597 | 4719
b 08l 08 08 085 Fn 0.19 0.21 0.28 0.3
Fh 0.36 0.44 0.4 0.48
Lateral Force PRI Fn: Length Froude Number, Fh: Depth Froude Number

——Rermery lest Ys=30m

r
7 [mns/knocsz]

..... Kemery test Ya=him

- - Transas Yeilim
------ Trarsz: fs~120m

------ Remary leal 15=120m

longitudinal position af passing ship 'Lru :
Jai iy,

Source: Ozersky and Rogozhina, Shallow water and
interaction effects in ECDIS real-time motion

prediction system, 2016.

[Fig. 2] Sway Forces of Moored Ship
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< saldt 5 Yk

11500

r1000

500

——WEY (1) Container ship 28 (2100 TEU) (similar to TCH)
——VSY (2] Car carrier 7 (Dis.68229t) TRANSAS (similar to CPT)

Source: Ozersky and Rogozhina, Shallow water and
interaction effects in ECDIS real-time motion

prediction system, 2016.

[Fig. 3] Trajectories of the Ship Models
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[Fig. 4] Coordinates of Hydrodynamic Interaction
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<Table 3> Comparison of Calculation Methods

Ship Type Calculationl LOA | Breadth | Draft
PP Method | [m] [m] [m]
Container ship| CT 299.9 40 14
(over Panamax) (S 299 37.1 13
Container Ship CT 288.3 322 13.3
(Panamax) CS 289 322 12
Bulk carrier CT 225 323 13.5
(Panamax) CS 230 32 12
. CT 199.9 322 10.1
Car carrier
CS 199.1 32.26 11.02
) CT 283 44.8 10.8
LNG carrier
CS 290 447 119

CT: Calculation method based on the theory of MLIT, CS:
Calculation method based on the ship handling simulator

- 1346 -



A

(i}

E

Hto
= =

N
3
o
o
|
]
e

th tidadete] fAE A

<Table 4> MLITS] o] EAAke] ALgH Aut
o fAE AeE vERar QEHMLIT, 2009). ©
714, N; & EHzbol 69 ztwel $1x18kdS o el
253E sk BHERUEAS N FAdF
ot}
<Table 4> Hydrodynamic Coefficients

Ship Type N,,
Container ship (over Panamax) 0.0360
Container ship (Panamax) 0.0391
Bulk carrier (Panamax) 0.0348
Car carrier 0.0365
LNG carrier 0.0381
Source: Ministry of Land, Infrastructure, Transport and
Tourism(MLIT),  Technical  standards  and

commentaries for port and harbour facilities in
Japan, 2009.
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[Fig. 5] Coordinates of Ship-to-Ship Interaction
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<Table 5> Rudder Angles in Head-on Encountering

0z

H1

<Table 9>°l|A4 B3}

nh Q@ xp E—*
ol AAkel zb AlshH wHElztel| el
/L %S <Table 7>%} <Table 9> YERHSGITH

A= A b/ T=133 B 155, 4

Z
T
Container ship n/L St A= p/T=129 RAEZE 559 Z79
(over Panamax) 0.5 0.6 0.7 dFshi= #toltt. <Table 7>} <Table 9>o|A S
Crivr(max) 0.0148 0.0043 0.0004 = 5 A Fhu)ite] EARE vEHZ
N; 0.036 0.036 0.036 A Aow A (8)F o] T8 4 SltkAndou
Rudder et al., 2012)
23.52 6.82 0.64
angle(degree)
B, +B,
S:W_( 5 ) ........................................... (8)
<Table 6> Rudder Angles in Overtaking
‘ . L <Table 8>3} <Table 10> ZF ZJ3to] tfst o]
Container ship A4 Assh ABeolde ol gd AL Aol
(over Panamax) 0.5 0.6 0.7
@A WlaE Rolth sTiel Aue gyow
CNmT(m]a\l:) 0.0135 0.0039 0.00031 MR Ao g, hT=133 BAEZ} 1559 %
0.036 0.036 0.036 -
2 AolA Are éﬁr Bt 739%4 ix}E 19
Rudder angle s oot o
ZolM He 947%2] A= BT
0.8
07 ¥
e | <Table 7> Results of Calculation (Head-on)
05 — /L S
m
Zos Ship Type 7 (m]
0 V= -D.0082x+ 06843 CT CS CT CS
02 R? = 09341 =
01 Container 051y | o561 | 105 | 1122
& (over Panamax)
o 5 10 15 20 25 30 35 Contalner
rudder angle & () (Panamay | 0498 | 0545 | 1036 | 1093
Bulk carrier
(a) Head-on Encountering (Panamax) 0.516 0.531 ” 741
05 Car carrier 0.51 0.597 64.6 70.5
07 W
SN LNG carrier | 0.502 | 0573 | 90.7 | 99.1
05 -
5: 04 St Separation between two ship's hull
S V= -00085%+ 0.6837
0z B? =048353
ols} o] AFE AutzEAEdolHE et
0 B At exg 4¥Y £ 9l Pl gor
0 5 10 p i 20 a5 30 35 - T
rudder angle & (7) 2 A7 FF7F o8 oers Adideks 2A
@ ddsYAe R

(b) Overtaking
[Fig. 6] Rudder Angles of Course-keeping
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<Table 8> Error Analysis (Head-on)

Condition h/T=13, §=15°
. (A-B/A)x100
Ship Type CT (A) | CS (B) ~ Error (%)
Container 105 11222 6.86
(over Papamax)
Container 1036 | 1093 550
(Panama)_()
Bulk carrier 79 74.1 6.20
(Panamax)
Car carrier 64.6 70.5 9.13
LNG carrier 90.7 99.1 9.26
Average error 7.39

h: water depth, 7" draft of ship, §: rudder angle of course
keeping

<Table 9> Results of Calculation (Overtaking)

n/ L S [m]

Ship Type
p lyp CT cs CT CS
Container 0.74 0.64 169.1 154.0

(over Panamax)

Container 072 0.64 163.2 153.0

(Panamax)
Bulk carrier 074 0.61 1284 | 1083

(Panamax)
Car carrier 0.73 0.64 1069 | 95.8
LNG carrier 0.72 0.64 150.1 140.8

S: Separation between two ship's hull

<Table 10> Error Analysis (Overtaking)

Condition h/T=12, §=5°
. (A-B/A)X100
Ship Type CT@) | CS®B) |- Error (%)
Container 169.1 | 1540 892
(over Panamax)
Container 163.1 | 1530 6.18
(Panamax)
Bulk carrier 1284 | 1083 15.65
(Panamax)
Car carrier 106.9 95.8 10.42
LNG carrier 150.1 140.8 6.17
Average error 9.47

h: water depth, 7T draft of ship, §: rudder angle of
course keeping
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TRy AN >TSS B AS
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<Table 11> Main Particulars of the Ship Models (3)

H

Target ships(L,)

Designati Own
esignation .
ship(L,) (0.7<L,/Ly<15, T, > Ty)
. . Passenger .
Container | Container . Oil Bulk Car
Type ship(P.) | ship(O.P.) NG c;lﬁrs)e NG tanker carrier(P.) carrier
L,/L, - 0.76 0.80 0.83 1.00 1.19 1.26 1.45
Disp. [ton] 66,700 166,397 171,300 71,222 110,710 67,850 69,580 39,282
DWT [ton] 59,500 153,500 125,700 11020 72,300 59,708 50,100 -100
Loa [m] 289 382 360 350 289.9 242.8 230 199.1
Lpp [m] 273 366 346 315 276 228 218 189.9
B [m] 322 54.2 55 38 44.7 322 32 32.26
T [m] 12 11 12 8.5 11.9 11 12 11.02
Disp.= Displacement, B= breadth, 7= draft,
P.= Panamax, O.P. = Over Panamax
<Table 12> Main Particulars of the Ship Models (4)
Target ships(L,)
Designation
(L.6<L,/Ly<32, T} > Ty) 0.7<L,/Ly<12, T} < T,
- Fish
Passenger | Integrated Ro-Ro IS. qy . . VLCC VLCC
Type passenger | training Container ship(O.P.)
car ferry | tug barge . Suezmax | Aframax
ferry ship
L,/L, 1.65 2.02 2.31 3.1 0.73 0.76 0.83 1.03 1.16
Disp. [ton] 20,300 19,960 6,110 3,300 211,405 | 188,280 | 144,500 | 189,406 | 125,537
DWT [ton] 3,832 16,459.9 | 1,204.5 -100 198,000 | 153,500 | 131,938 | 163,545 | 106,896
Loa [m] 175.4 142.8 125 93 397.7 382 347 280.5 249.9
Lpp [m] 154.2 138.82 107 83 376 366 331 270 239
B [m] 315 30.33 18.25 14.9 56.4 54.2 452 50 44
T [m] 6.65 6.06 5.25 5.22 152 15 16.62 14.4

Disp.= Displacement, B= breadth, 7= draft,

O.P. = Over Panamax
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<Table 13> Previous Results of SP in Port

Condition : confined waterway(in port)

Inoue(2011) Fujii(1998)

Lateral direction

0.008 L,+0.667) L 1.6L
(SP) ( 2 ) 1 m

<Table 14> Safe Distances of Container Ship

Own ship : container ship(Panamax, L,=289m)

Target ships Lee Inoue Fujii
(L) (simulator) |(questionnaire)| (bumper)
LNG carrier 05-0.61, L7L, 1.8L,
(L£,=360m) (496.4m) | (519.2m)
Bulk carrier
(Panamax, 0.4~0.5L, 12L, 14L,
L,=230m) (3462m) | (415.2m)
Fishery training 0.6L, 1.1,
. 02L,
ship(L,=93m) (187.8m) | (305.6m)
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