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Numerical Simulation and its Application on the Falling Motion of Freefall Lifeboats
(2nd report)

by Akihiro Ogawa, Member Ryo Tasaki, Member
Yoshihisa Tsukino, Member

Summary

In the first report the authors presented a numerical simulation method on the falling motion of a
freefall lifeboat with experimental verification and proposed, as its application, tentative criteria on
geometries of the freefall lifesaving system for the safe entry into the water.

In the present report they develop further a numerical method to simulate the falling motion of a
freefall lifeboat from a cradle on a ship oscillating in the veritical plane. The method is verified through
an experiment where a wooden block slides off from a slope on a swinging frame. In the discussion of
the results they deal with the interaction between motions of the wooden block and frame. They
calculate, using the method, the effect of the ship motion on the entry attitudes of the boat.

The followings are concluded from the calculation :

(1) The present method is of practical use for predicting the falling motion of a freefall lifeboat

from a cradle on an oscillating ship in waves.

(2) The angular motion of the cradle does not effect so much on the entry attitudes of the boat in
the practical ranges of amplitude and period of pitching motion of the ship.

(3) The surging motion of the cradle effects more on the entry attitudes of the boat than the
heaving motion of same amplitude.

(4) The combiation of phases releasing the boat in surging and heaving motion brings about
changes in the entry attitude from the stationary cradie. It is roughly assumed, however, that
the simple superposition of those indepenent motions gives a general tendency of the changes.

(5) A combination of those releasing phases makes a zone of the safer entry than the entry from
the stationary cradle. A zone of particular combination of phases can lead to the dangerous
entry.

(6) The real ship motion concerned is sufficiently described on a “ship motion phase line”, which
is defined in the present paper, when the ship and incident waves are given. The entry attitude
calculated along this line provides useful information for the design and usage of the freefall
lifesaving system for the ship.
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Fig.1 Coordinte systems in sliding
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Fig. 2 Coordiate systems in restricted fall
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Fig.3 Sliding on swinging cradie
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Fig.4 Restricted fall from swinging cradle
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T5L207.4m i3, EMEORE 2 15m T35 L,
BRARIIZ 1.19 £ 20, EESSR LB 5 21
ETHD,ZDERD 1/20 DEE O F 552 B O FLIRIEE
BHBETNE, Zhid7 oy 2 TOIRE 0.310 m 12/
T 5, KEBRIZIZIZZOBREDREY BEICLTITbhT
W3,

EEFODEE% Fig. 5 079,
~60° DEFTEHHEIL 72,

- 5.3 B (BHER) 0EE

IHE OEBOFEIF % Fig. 6 R, M3, BENEH
NARD TEWT WS L&, BIb, BEOIMEESEH»S
EICE2 MICHRET B> TWEBEOFTH S,

5.3.1 YIB¢LRTOnES)

7oy 7 2YIETRIOEEDES, VIEELEROR?2

B OHER A 6 O 30°

Fig.5 Falling test with Wooden Block
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- 14+
AMPITUDE (m) to PHASE of CRADLE (deg)
for Test No. @5

mo:reference ®:irejected

Fig.6 Measured motion of swinging cradle '

B4 7 NDER Xs DFEA 2 IERRIC fitting LTED T2,
SEZEEOR L U CEEE Ts 2 T 5208, BU
F— s TEMEE A CAtting T 3 &, FE SN A
2.8185 D & X ITIBHERENR/NIL B, BIb, TOFEIC
k-7, EHAlaNEROBRT» S AMEHETS I L
LTE B,

Fig. 6 T3 Beflsd (imh) i 1=0 % 0° & L CEFHONAE
THELTWS, D, OMRE TGO, wElIXEEFR
O, OFZIEETHROBADEE 2 ZNZURL TV 5,
ISOOBOHBIROHDAEACYWTLED IS KEDIE
W TH2, 120 DEBRIIZOHBROLE ERT,

5.3.2 BREPOEE

Fig. 6 T 120 DEHIF LD X TREI N2 BRFOES
DEE %, IR E.ORD C 2RT 8
L, OB TIE e DRY KEEOEN Xs BT,

Xs= Xsasin (wt+8)—Cx (5.3)
LLTHELTWADT, MOEEZID C: THB, 0D
D t20 DIBO S B, WEKRTHROMIBHR 223, dHiR
DEAZEFLT21-DIERL TRLELDTH 2,

7oy 7 ERERDEE OEEN (5.3) TR EN B D5,
THRELRRO LD ICEEINS, BEMEIEL TWL AR
gE0 S, t=0T7 0y 7 24T L, BEEN F. LEEN
pFn O 27 P VHIOAERSDBEEC AT v 7RICIER
T2, ZDDEEOEREFLZG.IRD C: BTADT
BHZIRAIL, ZHRIRIEE T2 REEE LD 5, KR
RS RECERERE £ 1T-> T3 05, t=0 LisknES
BHEREREDREI-ODIE B, EoT, 7uy 7 %24l
BEU7: DB OEHIE, (=0XBTIMHEIIE>T,
Table LD &5 i2E 3,

BB, C:REEDES Ty 70 BRIRIETHO
KERM LB bDTHEH S, p=07%261F O0=45TH
K2, R CO p & 012X 3%k Fig7 WiRT,

5.4 70w N%ETEE

Ty 7 OETEEOHAME CHEELLEL A%
Figs. 8(a)-(d)icR¥, Mz, EEDOITEEHNHFE LKA E <

XE EINlE

Table 1 Effect of releasing phase

oy EYRIBO | YRUELROBAO

B & o fi H ¥ | | fz M
1o ~ 90° # m £ U
90° ~ 180° +t, #H m Ehd

180° +1, ~ 270° 2 BEhd
270° ~ 360° +< g B2 #E o

(#) vo=-sin"(C./2en), B Lk.=1 [(4.100X]EF B

0.02r 2 00349 T
O MAX torRy &1
$ MAX POSITION
~ \
< — \ -J
~r
= o
© Qj’ |
001— o —
z y Y
9 W 2y
= v
< 9 N
> [*0) \
8 r /S N\ -]
\\
\
\
\
\
0 | | °
0 30° ° » 90°

60
LAUNCHING ANGLE, @

Fig.7 Deviation of center of motion

BT 2 WHETIES OEEHD EOMUEBE TR -2 I &
STHF, WO AFEZETbDTHS, Bib,

(a) WEEBBH~B> TEST (0=30° OF)

(b) BEVBHIH~M-> TCEEH (0=40° OF)

(¢) WBEOBBORHSE (0=40° OfF)

(d) BEOBEHORBHDE (0=60° DOHF)
ThHD, 2B, HA O REFNFROBEIOVWTAE?
I 7o EBR OB S WESRATL O T, FAI BRI E L,
¥ 7-, Fig.8(2) 12 Fig. 6 MG T 2 b DTH %, 7HEER
BRI 1=042 L{RE L 1o, % 72, SHE O BREEIARA
BRI Z LI RBEETHEETS L TH %,

EEEAEE, BIERY O b D EEBARTRPRE LY, 2R
FLLTT oy 270OMHE - REMLLEOHERICLZ, TO
7-HEIEEELERIIRE {, BEOERA 0=20° TR
BHERY->TH 70y 7 BNELCRELRZVI LSS
<, FEBOEHS —HFTROEEBNSTRERI LN
$o 70T, SEIRERAL. MOERE iz =307
DBE b BEROBEEIH, LTLL—HTRL I EMNE
ERDEIE D S b B A Tz. 6> T EROBEERFREL, &k
N3 LD CEEIROBLEERLED L THELELLO
PELTH 5,
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E7z, EERTOVEEL OBZIE, 7oy 7%k T3
BRRACHTNERE I NTWRES V7L B TED
Twb, I 7OBNXRVEF4 O35 RS £
Bd5E, EOVIBEURZIZEEL Y bAICHAERTSH
55, =7, WEVHAORLEBRELEZ 5 £, YIELER
DT L EIBREBRIARER] L 137 B, ST, FHHY
RERFEEER ORI R S ko0 L Rk, HE
B DL O LT, YO8 LI EHES & 20T 5T D
bRueB/idroT,

Figs. 8(a)-{d) T, Y ELoESEITHTE, F/-BLI2 4
TRz & DT, AEROFHWSARET OFEEOR
BEicH 2 Z L RERL, BICHRET X ZORBID 7o
v 7 DEE T 2 ERIC K KET 2 I LEEE
LT, WRETORBESAMITOREENES 51, HE
a2k 12,

INSDRIC L NIX, JIFRICHEERBROERICL T
3, HELEREPBLE 2 TVWALEZLTHEI, E
BTRAER Tv R LD, BEEYA RL—LOM
DERIIFEFE I R0» s, FROL I RTIREERIS
<Y, FFEEZL > TERLERELZBE TRGHEDE
B2 HETAILTEZ LEbNRD,

6. & =

HIE £ TORN TR EEROESMEMNHER S NI:D T,
ZDIGAFIE LT, EBOBHETAESHEDOFERIRESL
BEL, BaBEOBEKREBCRETRROEGHOBELR
L7, BB, &R (0EE) 2 X 2EEOEEHO L DA
MTHREGBEETIRE L TIRBERBA L »IC L 5T, BKE
EREDXICEAT 2 EFER,

6.1 EtERG

RELIBGREOEETER, X% 10m & Lzt

HIERCEFEONR L UL BERKSHE LBl TH 5, Blb,

L=100m, k/L=02, h/L=0.0, l./L=0.5 (6.1)
i, BOBKALFMERUL A v — N DOERRRT
WMAWXHBHDE LT,

BIRFEOFERIE Ly=100m 2E L L, fiz 150, 200m
DFEEHMA T IEEEEEL, RNRZEBERETIDR
DHTERFELTWEbDEL, BEOEF%

Xs=Xsasin (wt + ¢x)

Zs=Zsa sin (wt + ¢z)

¢ =¢a sin(wt+ ¢y)
ERTIFBBZTANTOEERCOWT Xau=Zsa=5.0m, a
=50° k& L7z

EEOKE»SDERIF HL=15T—F& L, ET@'W
BUEHTR ER U < £=0.02 & L7, BEOFEIE IR leo/L
=05 DAL Liz, BEDEMNAR, AROBITOER,» S
BIEEY BN 2EE LT O=30° 21K Lz, —
B, TR RO BEDLKROBENT 0=45 2N
2o N EL-ERTRESENEO LBRIGIEEEZ S
No, BFEFLIBEINIMMTLEEETREG > X
TLEERTEHONEBIL TSR, 20HLBMEED
ERIAEIE 30° HhZN L D RPAREDDERRAL T3,
ZOMDERES IZIREEOEISEX > TH B, £-1EE
B BLBE MIOWTHEBSEE KRS 2BENR
WIEREFRTRLI LBV TH B,

BIEFIORSTORMR & LB KRESIE, TR TELLE
ROFHEERE L L TERLLEEEKBRD S B, Bk
UEHIREE KRR O, Op L BEKGEBRAE X, ThH 2, 8
UBKMBRAIZDWTIE, AOBHELXEBL T, Xr O
R IZEARBFORMOMBLE BEDOEHR O 0 X FEIE)
Xsw > SEXRNE & TOHEBE (BEARFERE)

XC:XF_XSM)

(6.2)

(6.3)

w
Q
~

N .
s —— i

N
Q

ROTATIONAL ANGLE , @
w
Q

[
B Ty - PNy

ES OFBLOCK AND CR
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| 0AVO:MEASURED
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(a) - (b)

4 ’ (c) ’ (d)

Fig.8 Comparison between calculated and measured
motions of Wooden Block
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EREONRE L,

6.2 tIBLAHAEDORE

Fig. 9 iF t=0 (QBREBEMR) 1B 5EBOAAE (STREL
() OEEXHEL-ERO CRT RREBEBOE DOH»D
BITH2, B Ts=8.007s (WE Ln,=100m) O & & DH]
BIER O ETREORIRE 0 R U5 m, T8 LUAHE ¢x, ¢z 28
0° R UM 180° DAV I DVWT, MABOETEROKET
ERLT. REMZVIBEL (EMRZE) BOBEEOEEH
ERT, 2-HEHONT, BE=ADOAEKRSYID B LKO
EBEDEMOME R, AZADFNIERENE KL
XDEEDOMNEBERT, £, ENLIEOE LD 0.58E
DE%, HIREE—F (B - HRET - EHET)
DBERVEAFICBI 2BLMEERL TV, 2BE
LOEERIC OV TIE, BIIFET LD CKRE REENE
DTHRIZEIE L, :

DT zhoe 0ftERRIIDVTEET 5,

6.2.1 HBFLEENDGE

Figs. 10(a), (b), (c)RWEEMNZNZNHIERE, £T
12, EEH BT T2 L RELBE D, BERIE
B X, %B@%ﬂ(ﬁ O, EREXRE O DYTEE LR bx, ¢z,
P IZE BELETRLIDDTH 2,

IHSDOENSRDE >R LOED

(1) RIELNZE L TNISRIRBOBED A L TROE
ErokEn, Thid, EHCL3IEESETRTIRE
HONEE T 2285 L THET2ORNMLT, #
BIZTI TR IBRE M - - Fr~Ilb 3 O THENKE
CENZHTHb,

(2) WHEOAESHOEEIFEEIT/NE L, ZhiZAE
BINEEDOEED O S2dL e LTEREINTHwEIZD
12, F OREIBRBREO TN 2B A O Z(L, Coliolis ®
7, BLHELELTORENDL LD TH S,

(3) BEAIEEEIZATEIE, TR LAEANAR0° K
ATEKRERD, 180° ELTHR/INE S, B, BEH
HAANHduEEANA->TRAMEEERL TWwd L&
I+ OBR LB TH 5, ZNIZERILEE L BT
%,

(4) BREKAIIRIRE CRAAES 0 EL TR (B
Flerm) 20, 180°HALTRREZ5DINELT, £
TRTRZFOHIEZ>TwE, IR ETHEORE I
FEA O DA TS &, B IBE» %L 2 I Lizk Y,
BEETOBENE 2o TEKANKREL ZL1:HTH
%, HHEFEOBEEAREIX Fig. 11 1277 & 2 THTE

Fig.9 Examples of falling motion
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2z Ny
e — — e R
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(a)

-50" o
RELEASING PHASE, ¢,
(b)

(c)

Fig.10 Entry attitudes of single motions

w
o
|
|

! é;o (deg/s)

'VELOCITY,

Fig.11 Rotational velocities in freefall

£, LTI b AHEA U TB/NE 25T WT, ik
LEDB)DRRLEEL T3,

(5) EPRIEKAIZEIERE, TR bHEE 90° 35T
TRK (Z2), —90° LI Ta/ (AN %2, =
NITFRIERANEL L THEAEECKET 2 00 TH
20O, REMPICE »C, BIEKA L 0 A8 900° ¥R T
Borrwd I5BEINS, HL, FTEOBESIZIRE
THBENIEENRETE S OEERDH 356 2 OIEMIZES
HTIZR,

(6) WEDEBRSAS L3 L, FEEKEBD
Eﬁﬁmmﬁ@ignﬁ«@ﬁ?%t@ﬁ@%ﬁﬁm@%
B0 DRESEST 2, MHEAFRAD TN, MR
UL OB TRL TV 3012, EFOBEDOAE
HRET £ TREBHLL22:0THY, BENFHO
BN BPT 2 012, EBINEESELT27:0TH
S0 L2L%S, —IBOETOREIZES OESE
HBERTASODT, TOFBPOTIIC & 2 FEEBo
THEABENOTNRBVEZE T3, EL, EHEL
DIEBNEL BT, WRETKT & T ORIz ibE
BEBRKESEIT 2 E51%3 b, MEGCNT 28AL

0° ) 1 A I 1
0° 90°
PHASES , ¢, &, ¢y

!
-180° ~90°
RELEASING

Fig.12 Entry attitudes at large launching angle

BOTOBRFIIE#ITR 5,

(7) W\EOEBORBISEET 2 &, LI L ECM
HESHEIT 200 S1RE  HAKITERT 2., BIKRE
LB0d, ZOBEL LTRCL2EENLZE TSSO
Exahicshid, WEBRLOBEO@EERET 2MHEA
BRI 2,

(8) Fig. 12 1CWEDERA 0=45 DBERRT, X
NOMERE ©=30° DFELFELRLCTH Y, Fizmk~T
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9=30°

TS:B.OS
I

180°

¢

90°

0°

PHASE OF HEAVE,

RELEASING
~-90°

80°

!
-80° 0°
RELEASING PHASE OF SURGE, ¢y

180°

Fig.13 Clearing distance in combined surging and
heaving motions

ERIEDBFOEEYUTIRES, BERILOMED S DEE
DEPIE, BETERENKE L 2BCETREIE RS Z

L, WRETOEEDED 2E/P7RL225 I LT
BITE& %, i, BEBOREL 0=45 TIIREL %35,
HUXRIERTIBRHL 72, BEOESBOE I L TEKX
AVRIZELEVLEBEENANEOT, O Eh5Y
BEOERNAORENEETHL I ENE L 5,

6.2.2 —ROEBDIHE

—RIIEE IXATRIE - LT - AEEEERBICIT>T»
2%, RIEOENT, BESEYLERAZFOBAICE
AEBORERRCEREL TEX AV I EHEL MR
S2TW3DT, IITRERE: LTEOEERIZDVT
B 3,

Figs. 13, 14, 15ZUURE UAIAE ox, ¢z OGS ICT 5
BAOEREE Xc, BRR VBB KA b5, b 2 FNFNTRT,
PR TRLI b DEBEEHEOBREOERZRT (Ih
SDEEZFNFN Xco, Oro, O £ T 3),

BT ohndizonwTEET 3,

(1) tIBE LGOS ¥ IC & 2B KEBOTLid G
TH3H, REPLIZIEMERHOZNOEHITE > T
3, ML 2 00EEBOFHIC L > TERELENES LIk
T,

(2) Fig. 13T, FIREOLEA 6x=180° DRiEE+
BEO®BE T, BEAREERE X 3 ETEOMER 62 CFHRE
R, LHG/INIWEIREZ->TWD, His, ZOME
TUBE T 2 L BETROMMEOWT Iz pdb & THECE
BTH 5,

(3) BEET, ¢x=30°, ¢.=—30° L% Fulr & 3 548

Xsa=5 m

Ts=8.0s
T

I Zsa=5 m

180°

?;

90°

0°

RELEASING PHASE OF HEAVE,
-90°

RELEASING PHASE OF SURGE, ¢

Fig. 14 Water entry angle in combined surging and
heaving motions
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¢
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90°
<~

)
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-90°

\ [
-90°
RELEASING PHASE OF SURGE, ¢,

1 -180°
-

Fig. 15 Dynamic entry angle in combined surging and
heaving motions

BLOEET Xe 29K &2 2,005, BEARIEBEOBE D
5%, BEVHALOLAANA> TREVEEZF> T
e 2VIT OBRLENTH 2,

(4) Fig. 4T, ¢x=30° 2L T 2H2EHT, ¢;
RDBERL S O BN E D, B, BROTEEKER
DIED» 5, ZOBHATYIET ONELTH S,

(5) [T ¢x=180°, ¢pz=—30°{FiL T, G 2SFEE W
RELSRDEELD 20, FERT OB & 512, 0 23
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ELRNTRIEE 530 0D EERRIERICRE L
TuRVLOT, MO ZOHBESEREWET L L3 TE
20,

(6) Fig. 15 Ti3, ¢x=120°, $:=120° fHE L ET
ZEHET 6o A& B, Bl L, BIHIREEKRADIIE
»olE, BENELHA»DOEFCELR L & IIE#T O
BEZETH 5,

(7) T, px=—120°, ¢,=—120°HiEEFLELT,
Op=0 I 2HENH 2. M5, WELVREIFED» DR T ink
BEFFHID TUIBETOIRFERICERTH 5,

(8) BEOEBOREOERICKL TR, 6.2.1(7)T
AT L F U RSB OE L TR T 5 A Of
B IFFELEEL L2\, BT, Figs. 13~15 O F THRIE TR
L iBaiBomBomuBiR, RIENE>THIREEIL
Lva,

6.3 SR

UEDEBIEL OEKEBCETE20D0THEH, Z
NSERELT, EFT2EE»OKRBETTELIEHE
EHRIEFL, SEETREG Y A T LDERFADIGH, Eih
TOERAANDHAZIZ OV TiHRRS,

6.3.1 RLEKEEH - BIREH

Fig. 16 i Figs. 13~15 25, IE#ILOBEDELD b
FEEC 2 HEEEVHESLICERTHI2EHHEETRLL
DTH?, MTREEKER (Safer entry zone) LRL
7EETE, EOX I Y UMEADEEE TY, o
3ODBEKEBOENE > THEERLEDEEL I VL
LITEKTED I L ERLTWS, BRI~ L3, &
E0EHORENZE > TH ZORABIRVES R LH
5, TOBEOHR MEEDHERE L EEORH 8.0
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Fig.16 Exsample of safer entry zone

s) WET2RZOHRH2EENALEYD 3,

AR OEREHE (Danger zone) ZEKMLEH 1HERE &
D LA R HEKUVEHNEKENEIZR 2EBETEZ
b T3, ZOBEHEBENKAL I ORFROREICH
BELTwRVY, 6.2.2(5) THiNT X D, BHEEE
KEBROEDFIZE > Tid, ZNORFEHIRN 2 AJEE]
bhH D, FFCEHNZEEKBRORDFIC & > TIIER
HHERIEROAARCDH S, 5D TRAFRTHARR
7o

HL, “eEKEBELE- T, BREFEOHES ILEHO
RIFO/NE K BHITRECHRL 2D, HETITEEMED D
2, 572, BIZIEETEE H B 2%, BEHEEHE
NEZDEREELELT 20T, BEEBKEHRO LI &
NAERE,

%, AR TRLEKEHE L EREEIEIL TWaEER
D0H DY, TNRBEFIEOSE OBIER RIEROE
KAIBRR) SHEBINE WO T, IOBE0OEERNY:
REDSHELU TR EELETHE ), BrEmEEES
T30, THIEEZRE T2EOFRIL > THERL
DFEDEKUBRER 2K E T OEKRER RS
L, WEEOELII®TSND,

6.3.2 RER~DIGHA

L ETEa s Bt 2 B8 0EAN R R U EREHE
DES TR o188, EROMOEEITIX, MHEEORE
PRNVSHEE L L TROMEZEZ D 2BEDEICE
D, ZOHEL2BEHCERTZ I LR TELRY, HIb,
ZOffEEZ e £ L,

pr=¢x+e (6.4)
LEUE, ZoBRIE Fig. 16 THEBR TR LU éx BHIIXL
T45° DEFITR B, TOEREMEESHMER (Ship
motion phase line) X EZA4ER (Phase line) &M
ZEiZT 3,

Lizarz ki, REEORESRENIZES DOEE
R CONUNBROLETDOARE S, ERAOIGHEIEELT
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