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On the Study of a Ship’s Motion and Her Drifting

Yurin SakaMoTo*

Abstract

It is necessary to know the drifting distance and direction of a ship which loses
her propelling power. The author conducted an experiment on board the T.V.
Oshoro Maru of Hokkaido University on her cruise No. 45 in 1972 and made an
analysis as follows.

The drifting was caused by wind, waves and current. With respect to the
drifting by current, it was obtainable with a standard point of drifting fixed
by excepting the drifting under the influences of other elements. In this experi-
ment, a corner reflector was used as the standard point of drifting which was
allowed to drift together with the ship according to the current. As it was
difficult to measure the waves, the author tried to know the relation between
the drifting and the ship’s motion caused by wind and waves, and he measured
the swaying, surging, heaving, rolling, pitching and yawing, and found a root
mean square of amplitude from the oscellation of the ship’s motion. The
relations between the root mean square of amplitude of each ship’s motion and
the drifting distance are shown in Figs. 1~ 6, and their correlations are expressed
in Table 3.

Using such root mean square of amplitudes and drifting distances, he obtained
multiple regressions and came to the following results. The correlation between
the drifting distance and the root mean square of amplitude of swaying and
heaving was greater than that of the drifting distance and the other factors, while
the correlation between the drifting distance and the rolling was smaller. The
relation between the dirfting direction and the ship’s motion is still to be found.
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B3SO RREIC L VRNV EAVCERT A L &, FOEKE, ENAAYMLC LILERKR
BHEYLOLDEEX D, ThIBBOBRADCER, EERONBOMESILHIN D, i
DOMAERDEINRICK - TREBOMOERTL HHDT, BMOEBOEFRNLMETLH 5,
BrERLE X 2BRE, AKX - TR ShA2RERC L AL 0, BF, B sb0,
FLTHHOKE LOBEDERTARDENC L BLD, HAHAVRERITVR VLI - TET
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EHRCE LIETERD 5 bOoWRER, B, MR rofhokRbrfirReTBEHL V20
THHMD, BIAHCERYR. LTW504LT, MKizBEL Twb, Zhbohizk
VWEBEOBE TR L ZLOR DI, ThORK L HER~OBEN, MEFA—THH L5 %
ERERREOEREEL L TEY, cALE-0ERK L ABBIRIRL 2 epiTE, MioBERC
IBLDEGHET A ENTREL D, SEMEDER, T7AabbEA, WHIUYXIRKI > TRS
HERCHOVWTOREBEL 12,

B, ERICYRICE- TR 2ER, B350 (B ¥ v39) offlick K &L T
LB RKRENOEETH B, B, WHIVYRYOERAL, BREInELTE BT XY
woWTIE, FONE, BE, HHESLOSTHECEE LSV, FOFERENLI LA TE
GREREOT, B, BEITYX VLY > TR SAEBREES AL, ZoMEEE & ERL
DOBERE TR, LEBEAEHEERS L AL ERL TER, BREEACOTRET 5.

ABES T Bz BT ) EERICE LSRG Vo X F LAEERS L x AUEFRERE L
HEEERSIOCREASMCH LESRHELET,

k4 ®

FBHIATHE6H 228X 6830 BET, <~V v/ TIERRE Ttz HEAMOE
BEEHRSIUCRELYE LCRLE, BREOBBYR -HOERSROKE LS, +7 - XML
Bzotlka—r—v v s 2—LLT, EREBELERRTHCEDI—F—L 7V 7 2-DF
fir, EfA L~ X DAL, FOERELIERTAEY RS, &ERO ERNEL 30 FHE
Utco BMEFMEERFD 2~ AL 2~ % —~OFHENSLRD, FOFLLHER TGO TA
PRELSER ) CH - TEREFEE L, 2D2~F—L 72 2397 - = AHLBO ATOR
B A Th o, BEOEBITRE2T~IAT, WLADOEXH3 <1, BX 6m T, D
Bk EDEINI VD THREOHBIN LA —LEL L, AERLDa~F~1v7v 2 -0 fh
BEWELENRY -7 v —O@E AL T A0 TED LELEEL, BKBIVEY AROWT
BEICALRBX5HE VENEI LD TERL A o, AEIAREFHCHEILLD
DOEBRBDOFHELY & o, WRIVY %) OSBRI L - %, RRES, BRE (U), ERS
[ (), AE (W), BOMERIOY X ) OFREE2RRLE,

Table 1. The principal dimension and the ship’s conditions
throughout the experiments.

Gross tonnage 1,180.64 GT Draft (mean) 3.821m
Length p.p. 60.50 m (max.) 3.845m
Length o.a. 66.70 m (min.) 3.800 m
Breadth M 11.00 m Trim (mean) 1.715 m
Depth M 540 m (max.) 1.780 m

(min.) 1.600 m

REBNI RO IFhifo o « 1 e BRICE R 6 BHEREEBHHAZEEC LY, Sway-
ing, Surging, Heaving. Rolling, Pitching i X% Yawing & 6 -0 B & ERFGOIZITHRD L
= AT 10 SR EI L1 Swaying, Surging & Heaving \3EHBAL (g) TEE%, Rolling &
Pitching 3%, Yawing i3@EE 4R BHEKCEHF I/, Swaying, Surging & Heaving
i1, BEEORTAY 1/8~1/16g Iz & b Fho 1/100 D¥EE, Rolling & Pitching i3 110° 12 & b
FRD 1/100 D¥EEE, Yawing ¢LA {1 5%/sec i & D ZThd 1/100 OREE TEHA K,
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Table 2. Relation of drifting distance (U), drifting direction (8), wind
velocity (W) and class of wave and swell.

No. U 9 W{m/sec) wave swell
1 0.23" 55° 3.0 1 1
2 0.49 64 8.3 2 1
3 0. 50 62 8.3 3 1
4 0.33 44 2.0 1 1
5 0.41 44 6.2 3 2
6 0.36 81 9.1 3 2
7 0.59 40 9.3 3 1
8 0.60 50 9.3 3 1
9 0.21 —83 3.6 1 1

BARE G I

REEBIBIEE L CEHAISA TR Y, BEELCBBERELTRIATVIDRTH B, ZOK
Br—oDBHELLTELINTVWARRELOBRY ARSI 5D, £0t i TCREETHHOT,
ZOER L b REEED—o>DOHE L L TIRIM® root mean square #HVAZ & L1, EHEHID
6 D IMEEENC DOV TH 4 FHHRELD HIFE 1 sec TF — 2 ~H 600 #FHIH, FhHOHIX MR
11 root mean square % Rd7z,

Z OO root mean square D{H L B ED BIfh % K EBNC ST, IRMD root mean square
(R.M, S,) i, BRELRECL - TRTLER1I~R6 LiroT,

B E & £ EBOIRND root mean square DEIRAY — KRBk & A CHBIS Y, TAfHEBNT
LS 21T - CHFOBBREEER IR L, RP ¥ HRIBEC AR (EKRE0,01) THD
EVWZBLDOTHY, *HITERE (RRE0,05) THHLW25b0THD, Eifigs HEIBIKRDOH
Wiy DIt Swaying TH b k\ T Heaving, Yawing T IED#HEINH 5, %L T Swaying, Heav-
ing & Yawing D% & ORI L TV B VBB A B, Surging i3 Swaying % B\ i ZERN L
\~HEEERAMRA H b, Rolling & Pitching DHEEI L,

REED»2RBC TR0, TihbbR, BRIV XV EONDOLVGHETREELET
BBhb, EFEY 0 L LT, #HEDE Y Swaying, Heaving & Yawing D#E{19 root mean square
CERE L OBRY —RER LA L THARKERDS &,

U =0,273Vsyp (Vsw: Swaying DIRMD root mean square D) (1)
U =0,19VH (Vi : Heaving ORI root mean square Dff) 2)
U=1498Vy (Vy : Yawing D#Rr1® root mean square D{HE) (3)

Table 3. Correlation matrix between the root mean square of amplitude
of the ship’s motions and drifting distance.

drifting

Swaying | Surging | Heaving | Rolling | Pitching | Yawing | q:ce0 o

Swaying 1.000° | 0.657 0.906** | 0,280 0. 395 0.818"* | 0,976**

Surging 1.000 0.835%* | 0.856** | 0.932%* | 0.836™* | 0.602
Heaving 1.000 0.489 0. 665 0.770* | 0.826**
Rolling 1.000 0.877** | 0.642 0. 259
Pitching 1.000 0.693 | 0.316
Yawing 1.000 0.813**
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Relation between the drifting

distance and the root mean square
of amplitude of swaying.
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Fig. 2. Relation between the drifting

distance and the root mean square
of amplitude of surging.
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Fig. 3. Relation between the [drifting
distance and the root mean square
of amplitude of heaving.
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Fig. 4. Relation between the drifting

distance-and the root mean square
of amplitude of rolling.
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Fig. 5. Relation between the drifting
distance and the root mean square
of amplitude of pitching.
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Fig. 6. Relation between the drifting
distance and the root mean square
of amplitude of yawing.

0.1 0z

Eieh, H1, K3, H6DERTFIND, ZhbOEMEEL 0,033, 0,081, 0,088 Th -7,
¥ REERS P REEME Ty, BUEBA R A TH B Swaying & fio—o% F BIED
FERORAKD L DHEAILL 25 Heaving pLEiTh, FOEEBRIL

U =0,3876 Vsup—0,0813Vy
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L b, TOEMEBIOHFS R 0,970, EEEHZET 0,026, Fy=113.6>F(2,7: 0,01) = 9,55 T -
Too WL 5 — T ER AT, Swaying, Reaving 2z E-0EEESRIC & » BEEEBRL R
oy, IRCEEHOFSEK, EHEBRECHEMN 4 R L BLDLHENTHE b Bk, FoDfk
LA LD T oDIEEER T L BT,

3 ®
ERE L BEE 0BG AT 5 L L T—&kAR L VERRNYRD S &,
U = 0, 504W (5)

Ligh, RELBY KL U=0,675W LARERZEIALRL) T, 2D (5) ROEREZDOE I
BIBEET— X ~DEBbOEOEREAEIZ011 THotz, ZOEE (1) Ric k5 EIREZR2 0,033 &
TR 3REOEED R -1 H 5, Swaying + Heaving © root mean square % FLTR® e (4) &
XD IWEREYEMT S, UL, Heaving DIEMN (=) LicoThkh, ZDZ Lk Heaving A%
BATHIBEREN B T5 2 E2BHRL Tvb, ZhizANofefs Heaving i 5 W R I hEK
BIRIETREEY VL TWBLEBELALN, 202 L oW THABOEETH S,

Rolling Iz oW T4 it AbRA L 51K, RM.S. =1,33, U=0.36 D HiXEHRFS 6Tkt
I ROBEN TV HDT Rolling DF — & — 600 X ) A7 b AFEIB 60 THERD A2 b
AR5 THDERMTIRLEL S/ Y, BRIIERES 6 0L D Tio Bk B~ ¥
K &7z power fEERL T %, KRS? X 5 & EW I Rolling DRIFHI A E7DE IRT
Who LL, ZDOFEERE:D power OFAD FpoEM
19.2sec THH, KL x HAHOBHBEMMERA 5 K
DIAEIIERI 7.9sec T, Fh & Ris 5 TVW35DTRoll- d;%’/secx‘é‘
ing XRAL b0 EBbhiny, RFAUACEEK
&7¢ Rolling MBI D2 LAd Y, ZhHERE L OB
FREECLORLTVWSEBBRD, E3ILIUVE?,
K5 (K2:R.M.S.=0.97, 5: RRM.S. =1.0 138
HEZ 6) TABI DL 5IC Rolling DXk ¥ /et RS

20r

IT Surging, Pitching § k¥ < EWE &L DA/ 10l
L'C‘/‘éo
ﬁ E_ 0 20 0 8 6 5 4 sec
EE L Swaying ® IRi1D root mean square & @ Fig. 7. Power spectra of rolling.

Ec @B S 0, FoERR TEREYENT
BEIHEERRD LBbIhE, Fhthic Heaving DIFEX >Rzl v T EES B2, L
ML £ D#ER Heaving OIRMN (=) il VB BB L 1.

Rolling & FR¥iE & DRENCIX Rolling HMlpDERTABIC KX { fe» THERRIT FhC KHL
TARELELTHE VBEFEN AR eh o1,

B, WHITY XY LERBOBERLERA VKT EAEETH B, SEIMGEES & Efe
EDBREZIDTH D, SHIA, BRLIUY X)) EREES L oBELEL TERER Sorol
o,

BRSOV TRA RO ERTIMREED) & OO E L 2RIk - 1 pt, SHRIFFEL D
fole
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