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Study of Development of Collision Avoidance Device

by

MIYAZAKI Hideki*, TSUKADA Yoshiaki*

Abstract

According to the Japan Transport Safety Board, 657 ship accidents occurred in 2023, of which 421 involved collisions or
groundings. A ship can attempt to avoid such an accident by altering its course, but if it determines that the accident cannot be
avoided, it makes a crash stop astern.

Ships equipped with Controllable Pitch Propellers (CPPs) or twin-rudder have excellent stopping ability. However, relatively
few ships are equipped with these systems, and further improvement is needed for single-Fixed Pitch Propeller (FPP) single-
rudder ships.

There have been patent applications for devices and methods for the stopping maneuver which shorten the track reach; for
example, ejecting a braking member attached to the hull, or opening a parachute installed at the stern. However, ships equipped
with these devices are not common. Thus, this study proposed a device to avoid collisions and groundings caused by
deceleration. The effectiveness of this device was verified by comparing it with a crash stop astern, which is commonly used
in tank experiments.
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1. # §

I AR B EIVAF L T A IS OFEHT L 5 & 2023 1084 LIS 5T 657 T, Z0 9 bifi
ZERLRAGIT TR S T DM UT 421 T 6 BILL EOEIE Z2 DTN D, 2SR Filk A RhkEd 2 B3 & s
K BDEHEERA DD, BETE N0 EHE LB fEREIEEITH. LvL, EFE)TriE L TV AIREE
DOBIHEEZTT> Th, MOWEMEIC LY OSSN ENS .

WA DIZ IEMEREIR, AIE Ry F 7 RTS8 2 24 L 72BN T\ A Z & idm b Ting. L,
TS A LR R 2 <, —RA e KBTI | il 1 AEOMMIATIZE S B IEMERE DS ENE E
LTWN5D.

INFETICHHIENZ B E LB FEORFFHBIZI SN TR Y, K& DET D EMIRICED 15
T HIBNER A 2 22 SR 5 71 D0MBICERITT-/8F v a— MBI 1E Y, e T md Tk 253 5
FIED, VREZME TS TEILSE D HEIRERH D, LvL, T 6 ZLEH LI —im & 133 2720,

AFZECIHEOEIC L ABZE0R Y FIF Sk A [ 5 = & & BN E L= el FIEIC W TIRE L. K
IR T MR E RS IRIC K DI & el L C, AFIEOAEIC OV CTHEEEZTT o 7.

2. JKHEEERIZDUNT

AKFE SRR P O FHEFF B KRS T T o 7. AKMORGIREIIT S —7 v FAERY AT S 74 B
BNER T DEEN DV, ABEREZ VT H HfUESRZ T~ 72,

2.1 fEiER
AAKFEEFROUGABAY L = 7 A ORRL & Uz, (RO FZEH 4 Table 1 (2, H HILE SR ORILG
DEF % Fig.1 |ZR7.

2.2 RERFIE

HIDIZIH SRR 24T - C, M & 7" T WD R 2 SR D 7o AR OHUEE /2% U=1.1m/s TD’
27 BN D, WHARED 7 1 T BRI 465rpm & RO Tz,
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EEEBROTFINHILLTO LB Th 5.

Of B AL L BISEAEE 23T A —4 & Uiz HEHE T BEGALC AT THLE
QO®BAEF D5 10 BT TH a X T [EEE A ERRRED © O HffisRE D & O £ TER
@®F D, WHEHED 7 1 T A MR LT, MADRITE T RE N Y 1 1CE 5 £ THkp:

I

FIEIAE (U0) 1 1.1m/s, 0.825m/s, 0.65m/s, 0.5m/s, 0.3m/s D 5 DD — A Z4T->7~.
BIEFRE 1R DERIEIL, fiEhde s L7236 & BEE AR L7255 0 2 DIZ oW TEHRlZ T - 72,

Table 1 Principal Dimension

Ship Model

Lyp 230.0 3.046

B 32.2 0.427
dm 10.8 0.143
Cy 0.6507 0.651
disp.(m?) 52,030 0.1209

Fig.1 H & FHR - oFAf

2.3 figrh R & L5 A DELETERE

BAERD D DAME DRI ST RN E 22 R D £ CTOMBE, RO & & RHLA DORER % Fig.2-1~Fig.2-3
R

Fig.2-1 OMEHIIHERTIRFOME 7 M~OH AR (Head Reach) Z R CHEVL(L L7-fE%, Ak ‘iEZ’iji
B~ AEHRE (Side Reach) iR TR AL L7ZETHD. 52D U0 T T-fEREZ/R LTV D A, 1ZIEIA
—DRE 72> TND K DITZ D, — I IEERIIHFBMEDNZ L E FDIL TN 503, zlx%%ﬁmi uo %
EZTHIZIER DR & 72572, Fig2-1 25, ARRZIE T a7 Wl 7 1~ 7 WlRiEic X 0 ABIEEA R
PR — A FAMER LTV A EE 2 BLd. Ul=1.1m/s D —ATlL Head Reach (X 6 M EFEE, Side
Reach (X 22 iR ERREMIE L. £/ 1EFEE (Track Reach) X U0 O IRICEHFIT S E EON TV A0, ARFEER

Tl Side Reach ™ FH#E)/N S0 U0=0.65m/s D47 — A F TiXZ O IMER S 7.

AREBRCIIHERS DS 10 BENT C, Rl—OWlRFO 7 1 X7 RERIKICEE LT D, T, RIERS )
5O 10 BEIE U0 IS 7 a7 [ OJOHEFEN B2 553, 10 LSRR — 07 a X7 EEE L 72> T 5.
U0 N DIE E 7 0 R [ OBGEE AKX <, Fig2-2 M HEBRERSND 10 % OMEZ &I U0 A3
WH DN BIEFI/ NS 72l 7a 7=, F7=, Fig2-3 2> HARFEER TiX U0 2587 — 21T ERHITA ORENH L,
FORENROENEIZALTL TWDEEZLND.

AWORIE ST ENRE N Y 2 (ZE D £ TOFTEREH (ts) 1%, U0=0.3m/s D7 — A% 26 L, U0=1.1m/s D7 —
AT R PRETH-T-.

(55)



26

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0

x/L

3.5
3.0

2.5

U=11m/s
------ U=0.825m/s
1.5 U=0.65m/s
10 4 m-m- U=0.5m/s
U=03m/s

2.0

0.5
0.0

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
y/L
Fig.2-1 it (6 =0 deg.)

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0

x/L

1.1m/s
L S J— 0.825m/s
2.0 0.65 m/s
15 . . T==== 0.5 m/S

1.0
0.5
0.0

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
y/L

Fig.3-1 fiiif (6 : autopilot)

(56)

u/u0

1.2
1.0
0.8

U=11m/s =  ===== U=0.825m/s
U=0.65m/s  ===== U=0.5m/s
U=0.3m/s

0.6
0.4
S -
3 02 \
0.0 T ===
-0.2
0 5 10 15 20 25 30 35 40 45
Time (sec)
Fig.2-2 i Z b & (6 =0 deg.)
100 U=1.1m/s
8o | ===== U=0.825m/s

U=0.65m/s

(o2}
o

Drift angle (deg)
B
)

20
0
-20
0 5 10 15 20 25 30 35 40 45
Time (sec)
Fig.2-3 #Hiiif (=0 deg.)
1.2 1im/fs  ==meee 0.825 m/s
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
0 5 10 15 20 25 30 35 40 45 50
Time (sec)
Fig.3-2 il 2 k& (6 : autopilot)
100 1.1m/s
g0 | === 0.825m/s
0.65m/s
o 80 1 eeee 0.5m/s
()
Z 40 0.3 m/s
o
2 20
@©
ES 0 B s e "
o
-20
0 5 10 15 20 25 30 35 40 45 50
Time (sec)

Fig.3-3 &Mt (6 : autopilot)



i EEA e 24k H2r (A6 Ball 27

2.4 BiEftE R LI-BEDELHEE

— A 2RSSR IR ERE BRI THE I TIT 9 T E R D003, HEINERH e £ ORR S 4172 5k Tl Side Reach
DHEINT 2 & JEBE~OE T 2 RN H 5. ZD72w, BERSR L BBt 2 kG5 2 & T, Side
Reach 7% & OFEERIEHIK D D OEREIT o 7. HRIEFR DD DIMRORIE T AEE N 2 28 5 £ TOMHN,
HOZA VR &R DR RS % Fig.3-1~Fig3-3 IR~ 7.

RIERSR D BEMEE 2 ki3 2 = &£ T, Side Reach # i 22003525 = LIdMER Sz, H“ERSEIC
ik & LIz aIiid U0=0.65m/s D7 —ANRLAABIEAL TV 503, BHEE Ak 2 2 & THEIEEZ #if]
TAHZENHERESNT-. XV U0 WA —RAIZ2WT % Side Reach 2 4#E T 5 2 &R ST~
U0=1.1m/s D% —ATIX Side Reach (X 1.3 IRRFEEE L 720, fEhdel L7olE LT 5 & 6 HIRETH -7,
ZAUTH B AT D 2 & T, RIEBRTRORMADTKZELELE DL Z ENHPRTND T EE BN,
LL, SERICHHITE TWDERTIIARV. ZHUT7T e X Z EREHIC K> TRERhE Vb LT, IEEERFIIAZT
B 2 MEMEE DB INRG AR I XS F VTRV =D EEZ BN 5. Figld-3 b b %ERS NS 71
A7 B A WHRRE D b OIZZE 325 F TR A @%J%%TID%U“C%TU‘%M) LA IR 2 (25852 LIRsD T
W5, ts BRI < 725 77— AT, Side Reach |3k 4 IZHEHF R & LI2GAITIE S T &R FPRENS.

WIZPRHEFE 1% DEEDE M L 5 Track Reach O LL#E % Figd (2”7 m*ﬂi  Track Reach % iR CHER Lk
U7l BRI & LT D . 2 ORI BRER DRI E L2570, HiEigfe 4k 5 L0 b Track
Reach (3% < 72~ 7=. Side Reach 2MFIXIF—TdH - 7= U0=0.5m/s UL FTlL Track Reach DENIFAE72<, Side
Reach 23NEAfE S 41727 — A D Track Reach |TIER LT\ 5. i L 0 BHTCEREEE)§ % = & T, Track Reach 73
iR CEbLEBEZILND.

8.0
B with autopilot
6.0 H 6 =0deg.
-
= 4.0
8
- 2.0
0.0
1.1m/s 0.825m/s 0.65 m/s 0.5m/s 0.3 m/s

Fig.4 Track Reach D8 (6 =0deg. & 6 : autopilot)

3. FELHBFERICIONT

3.1 F-LHBFEDEZA

A ZROE S5 FiE L LT, iR < s (BHD) 2 —FRpicnse 5 2 EnB 2 6d. Ll
IO TR EERE T _EOBLE D DIMEIRILO D72 WL L 7e o TN D 20728, IMRIRPLA /08N s+
7=& LC%, Track Reach DEAEZNRILH E V WIFFCX 72\, F72, ERROEBRFER LY, RHTCREER45 2
& T Track Reach OFIMESIFENWIRF CTE 5 Z LR SN, Z 2 CAMMSE ClIh iR 2 BRIt S5 2 &
T, Track Reach % #5fi 95 FIEIZ DWW TRRETT 5.

Fig.5 ISR < MR S o bkl 273, VA Z R S 2 & RIRICE < SR TRiE 1 (Xs) 7210 Tidze <,
V)] (Ys) NELD. IMENEIT 22 ETEUD Yl Xs LD ERE L, MREJEER S E 53T k&0
EEZOLND. L, MEEZRITESED & Y72 TidZel, FEEE—A 2 b (Ns) bRIFHZAEL D, fiRicE
U5 Ns I BIET Z LRV &, MMAITIERLERY 2 15 5. 7' 1 7[R IN 25 A ORI T e 2
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K OEBHENIHFFCE T, Ns 2T BIET Z LIIREEE 70D, 20728, BRSO S 5121,
R E > THELT D Ns e ILISNTH BIH T FERPNE L 72 5.

ABFFETIENs AT BT FEE LT, SS8FHEMNHART va— bERATLZ LT Lz, ZHUIC LY S8 ff
WINNT v a— FOYRES) Xe) MMBIE, XelIAMADHTE FIES Xe) EELFRBG Xey) (20T 52
ERHRD. F£7o, Xey OFHRIFAREEOIE LY RTHICH D720, Xey & Ys EIIRRREITEHSES Z
ETNs ZFTHIHE TR HRD.

Z DFEZF I TR 2 AW 72 K SEBR 247V, Track Reach ORIMERNIIRAZ OV TREEZIT > 72,

X
A

4 H—

Xs

0
TELIERF 8 < BiEiA ) R B) < Fi N BT 7B FIE T < SRR D)
Fig.5 fRRIMB) < Fifk /o b

3.2 X5 a—+ORAER

ARIBRTIIRT v a— bORAME LTI ITRAT 4 v 7 B-OT v THAER LTz, ERCHER LMD TE
% Fig.6 |\ d. TRIRIZAIET, & v Z7OWNAT 53mm O b OZM A Lz, ZIUTEMICHE TS LB 4m FEE
WA T 5. MABRDOLRBRERESEDH120, By TOEIIES >O/NS e RERT 7

Fig.6 FBRCHIH L7237 > a— FOfUHM

3.3 EEFIR

RRE L FEDFRFIAL, MO TIT > 1o F 1L T2 & BEARNTIIFRTH 5. B 2 —EHnE T H Hifl
ESHE, REFESNDE 10 BN TUHEREO 7' 0 7 RRcE TR S/, 28 LICFIETIIRIERS & Ry
23T v a— ORI OB T R ORMMEZ RIS W 2 7o OICER R OB A 1T o 7o, SERER OBt B BhRAe
\ZH) 0 A Tk S H 7.

B OEFI TN D R, ETMEEITRHUIREIZ T 272012479 b DT, £ OEHEE & HEMA ORERRRIZ OV
TIFHIBRE AT T2, 70T AT 1R FER & RO D W & U, RIEFESROEHEER & € OfEMH Z i
Fro o2 2L SET, MR ORMUREZHR L CEM 2 b2 - R L7z, ARFBCIINEA 15 Z4 1 FH
MERFS D e 21T o 72,
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SEIREI D BRIE R | 1 BRI 2 ki L 7= D13 BGOSR LT b 0TI, BRI 5 & 0 S
P LTERT 2 2L 2 LIm b O Th 5.

3.4 RELI-FEDELLIERE
BAEFRED D DAME DRI TR N 2 IR 5 F COMBF, M2 & & RHiLA ORER S % Fig.7-1~Fig.7-3
e
Fig.7-1 2 HIER L7c FEITHE IR & L2560 B ot 24k L7356 & it L C,  Side Reach 73 K (2 s
LCW5 Z EAER Sz, U0=1.1m/s D — A TILHHEHY Side Reach 23/ S W BEMEfE A fkoE L7256 X0 b
HOVRREE\ZAEME S T2, —JF, Head Reach I3fEr RS & L7284 K VI ERELRE S, HEREWE 2k L7
LA X0 mEREEf ST D
Fig.7-2 7> HANHRZAL BEAMB DO 28R & IHMEM N R D Z L AR SN2, R L FE TR ER S E % O
M OBHFEIZ L0 BIXAOICRHTIREEIC T2 2 & C, RHEIIAOERIREL Y S FRVEBECTERA LB 5
5. oL, U0=03m/s D —ATiHfEFd & L SO Z R L TV b. U0 BBV & T, fivRogt
MBI ZNIZ ERELS RNWEH EEZ BD.
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6.5 S 04
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)
*x 4.0 Fig.7-2 #dZ k& (Proposed method)
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Y
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— [} =
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Fig.7-1 #iBf (Proposed method) Fig.7-3 ®Hpifa (Proposed method)

Fig.7-3 7 BAMOFERIZIT R 57220, BRIERTEL ORI OREN MR STz, ZIUTHRER T EL ORRE
MOEHEIZ L VAL O THS. FHMCHERT 5 L, Ul=11m/s O — A TIIERHHOBESER 1 B BiEdticY)
0B Z T BRITRILA 3D LT D, ZHUTRERTE L OREA OfRHRY, | BTIIETEnLEXL
5. AREZOW T OERER & 1 E3 5 2 & T, RAORINIIEIT 5 LB bis.

PR LT L ey & U725 @ Track Reach D Fifg % Fig.8 (2777
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B Proposal method
8.0

W 6=0 deg.
6.0
Q.
o
= 4.0
(o}
8
S )
0.0
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Fig.8 Track Reach MO kt#g (6 =0 deg. & Proposed ,ethod)

U0=0.3m/s D47 — A TIHIEIEIF U Track Reach & 725 TV 4728, U0=0.65m/s & U0=0.825m/s D7 — ATl 18%
FREDBHFNEME LN TS, —J5, U0=1.1m/s D —ATD 6%FEDRMEIE L 72> T D2, ZHUTHB
BEIZE) 0 B 2 T BRICRML A 38 LTe 2 EDRIR & B 2 B, BRI OBE A (& EIUItho 7r— X L [FIfRE
DIFIIHFEOND EHEZD.

4. %

il

A Track Reach ZFiffid 2 Z L A HME LT, Hio B FEEZERL L, KEERTZOAMEIZONT
BRREZAT o7, ZOFER, DLTO X 9 mAnG oz,

BER DRI L L7256 & BEE AT 258 242 &, BEit 2k 2555 D 578 Side
Reach Z#ffH C& 5 Z MR Sz, HIBRKE 72 EHAT CE D2HEBEDIRONTGFICIIAN TH L L EZ B
5. ZHUTHEMMEA G T A Z EICE D, FAOREEZELEDL LN TE LD EEILNS. L,
Track Reach 1IAEH - & L2 E DR T 5. ZIUIRMIAORELZELE D Z & T, RICE < K
LiclebeEx bbb,

FEZ L 72 FE Tl Side Reach D/ S HEEAE A5k L 72355 K 0 & 0 R IZAEHE S 472, — 7, Head Reach
WIfE L & U223 E L0 bR EREER &z, Las L, Track Reach THER T2 SRR LI FEIIMMOBE X
D HERES TS, U0=0.65m/s & U0=0.825m/s 7 — A TlE 18%FRE DRI ENEF LTV D, U0=1.1m/s
D —ATEHMFELIZIZEDOIEIE LN TRV, ZHUTRELZFEAEBET S Z & TREROZIENE S
naLEZLNS.

o By, BELEFEOANHIMER S, AFETEHAT 22 &1, RERFERH DL LB X
HIVD. RHACHERLREB OREZ PIHT D72 D/RT v a— bOKRE L, MHOBREEA N2 8L 5 2 &
TWRETREThDH. T, BERDEL ORI OBACIIMAADKES) & DERWBRIER TIRFOMEEIZ X - T
BETHZENEZOND., Inbaiibd 58T, K0 KE7: Track Reach DEMEIENELND B %
bhb.

ARG RN TRFRT A ERRIE 2 B3 2 i 7 15 L OME AR IR 2 FfE 9~ 2 BindiE ) & L CHIEL, 3890
nTns,
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