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On the Improvement of Approximate Calculation Method of

Diffraction Potential in Strip Method

by

Shigeo OHMATSU and Sadaoki MATSUI

Abstract

Currently, NSM (New Strip Method) and STF (Salvesen-Tuck-Faltinsen) method are mainly used as strip method obtaining
ship responses in waves. The main difference is in the evaluation method of wave exciting forces due to the diffraction wave
field. In NSM, an approximation method is used in which the diffraction potential is expressed by radiation potentials according
to the " relative motion hypothesis". In the STF method, the wave exciting forces are obtained by the integration of radiation
potential by applying Green's formula to the diffraction potential and the radiation potential. Although this STF method can be
said to be an exact method in the range of linear theory, it can not calculate the pressure distribution on the ship surface because
the diffraction potential is not obtained. On the other hand, NSM can calculate pressure distribution, but due to the approximate
calculation that a uniform flow velocity acts on the ship cross section by "relative motion hypothesis", it is expected that the
accuracy will be worse in the short wavelength region in beam sea condition.

In this paper, a new approach for predicting diffraction potential is proposed. The present method follows the NSM and it
takes into accounts the terms that were overlooked in the NSM. In order to confirm the improvement by present method, the
calculation of exact and approximate diffraction potentials and wave exciting forces in the two-dimensional wave field were
performed. And it was shown that the agreements between this approximation and exact solution were quite satisfactory even
in short wavelength range in beam sea condition. In addition, it is analytically shown that the calculation formula of wave

exciting forces by present method is almost equivalent to that of STF method.

ko TAEEERIIZER, ck kG AEREHLR
JERESAT 2019424 51 H
A B 2019F6H7H

(221)



80

B X
1. Ef §;ﬁ§§g ..................................................................................... 80
2. Diffraction "7 \/:/,\¢}1/0)ﬁ1u§+%{£ ........................................................... 81
2.1 ﬁE%éO>PJSDA,O>%§§iji ..................................................................... 81
2.2 T LUV L) 0D 2 g oo oo e e e ]2
3. 2 RIEIE IS DI L OETR -+« o v oo v oo oo oo oo 33
3.1 Diffraction "7 \/:/;V/I/@%rgﬁh@ﬁﬁa}g\ ............................................... 83
32 {ﬁ{ﬁgﬁﬁﬂﬁ @%fﬁfﬁji@ﬁﬁﬁ .......................................................... 84
4. STF {£ > @tt$§ ............................................................................... 86
5. jz <1: 0 B I P IR 87
%g;%jzﬁk ........................................................................................ 88
48k AT 2N R R OO 55 0 diffraction ART7 23y b L RHRGRIITT - vvveee e 88
2 =

b,d,S : fix(RWTEI O R, 2K, Wi

A AHEORE

Cq + NFHE DB

B : AFHE DW=

k : AHEOWE k= w?/g

Dy, @ NHEOEERT v v v

@, , @, : Diffraction HE R T v ¥ /L

@; : Radiation JHERT > 2 v L

n; : AR E OERARY L (ZZC j=1surge, j=2 sway, j=3 heave, j =4 roll %FE7)
a;j , by - Radiation Ji/R7) DS IVE SAREL & I8 /675

f3 - 2 o 2 fB) < BERGREF) (diffraction A7 2 2 % WAZ & 2 3 7)
E§ : 3 YOCHIRRTE /) (diffraction 7R 7 2 & v /UAZ K 2 5 7))

1. FapsE

IR COMBINEZRDLFHFIEL LTA M o AERERICHSHTALWY D BIfE, ARD v 7EEL
TEIEDLI TV D DL NSM(New Strip Method)"? & STF(Salvesen-Tuck- Faltinsen)i: 9 Cdh 5. Z Ofi#H O /2
VM diffraction 3 K D IIRIER S ORD SFI2H D . NSM Tl “FIBEENOIE” (2L Y diffraction KT >+
JV% radiation AT Ty L EHWTRELT 5 & W I ITEEN & HALTW D 2. STF 15 TITIRAS ) 2 ke 5 B
|Z diffraction N7 > 3 ¥ /L & radiation N7 2 ¢ UIT Green DARE#EH L C, diffraction "7 v v /L& RO D
Z & 72<, radiation RT3 v L OFESY THRIRIRHI ) A2 RO TS 3. STF O Z O H AR E R O FEPH Cldigk
B HEE S 25N, diffraction N7 2T ¥ WTROIRND T, IMEREOENSAEOHFEIT TR, —F
NSM TIIENSGAAHFETE 50, “FHRHEEBOETE” 12 X 0 A ARKIEIZ —EROFEEEAME < &5 ITEEHE O 7=
b, HERRBED R EIRLIS CIIHEENE B D Z N TSN 5.

ZZTAGRTIE, NSM OFEZBKEEL S5, NSM THRKEL SN TWEEAEBETLZ LIk, BkET
HFEE DOEITREZ B -, Z OARIEIC X B diffraction 78T 2 3 ¥ /L R QN IRFRHI 1 OREEE ) B2 >\ T, 2
WRICIIRY CREBR A 21T o 72, F70, AR L BRSO RERIL STFIEOZ N EIZEFRFEDO LD TH D
= L ETINOR LT
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2. Diffraction RT > v LDELIEEx

2.1 EEONMDEZF
FITHIDIZ, HED NSM 28T 5 diffraction T > 2 ¥ /LD FIZ

z
ONTRR L TEL 2. JEERZK 1 OXHIZEDDH. WRPICHEE S y i x
TR RIS Ko THRELE N 051E, TRROAFEORT oy
diffraction "7 > T ¥ /LDOFITE I D, i I
®y(x,y,z;t) = Re { Ila ©o(x,y,2)etwet }
¢0(x, y, Z) — ekz—lk(xcosB+ysmB) (2_1)
;(x,,2:t) = Re {22 9y (x,y, 1)t (22) 1 ERR
Diffraction "7 > ¥ ¥ L OFMAER I ST
097 _ _ 990 _ _ (990 990 %
on  on (ax it oy ny + Tl3) (2.3)
THZoNDM, QDRD@ AL, Flnid/h&ne LTERT S &
a;: =~ kekz- ik(xcosB+ysinp) [l sinfn, — n3] (2'4)
L%, ZORAHXDOELT, y=0LEHETDHZ LITLD
6637 = gmikxcosB{_Llek?n,] + i sinf k[e¥* n, ] } (2.5)
L5 SHICK2 DR AL IEEL, 2R HQRSRDOLWH 1 z
Tz = —~dICEE, 52 H Tz = —d/2 = —d CEET5. TO "
(F1HECTz=—dClde<, z=-d' =-S/2b) Lt TH52LbbD
B, I TIREHOEDz = —d LT 5) ¢ "
. =
29 LTtk att: » n3=0
29 _ } !
on Y (2:6) ny=-1 ny=-1
I’12=0 n2=0
Zi i % radiation AN T 2 ¥ /L diffraction AN T L v L AR E DT & 2 BEEMEB EEBART ML
@y = emtkxcosB{_ke~kd[p.] + i sinB ke %[ ¢, ]} (2.7)
NFHID. T3S NSM IZRIT 5 diffraction R T > oy L DEZ JTHhS.
FOE1HEIIBWT, y=028F, e RsmBpKmmIcEIT 5 FHIfE
kbsi
be cos(kysinB) dy = % =c (2.8)
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PAEIEREE L CEAT DL Z EBITh Vb, Z08AT
@, = e"txcosB{_c ke k[ ] + i sin ke %[ ¢, ]} (2.9)

ERIND. T TCHEE | BIFAEAREAGY, 2 BT 2R T LD, Lieno T, JRIES]
%3RO HBRTIX, heave JIIZEE L CTIEEH 1 THOA T, sway /7, roll B— A > MIBL TLE 2 HOLTRO LD
LI b.

MER DIRHE, M OWENRWVRHI Z OEPETHORBERE 72497, 25) X&2EJ@ET, y=0 &
ELTNDHT®H, B THENEWRHITREEDNRELS D Z A TPHRIND.

2.2 FHLLVEER EZDEZ A
AR <72 NSM TiEQARUTEBNT y,z ZREESE LD, 22 THERHXEZDEFRO I HITHEEZTL
TEZTHD.

% = ke~ikxcosB gkz{cos(kysinB) — isin(kysinf)} —ng + i sinf n,]

([ —e*cos(kysinB) [ns]
+i e*? sin(kysinp) [ns]
+i sinf e*? cos(kysinf) [n,]
+sinfe*? sin(kysinB) [n,]

— ke—ikxcosB (2.10)

ZICR2 DL BIEERAET S L, QI0RALOH v aDFOE 1 FHH S IL NSM OBE & R,
ol = e—ikxcosﬁ{_clke—kd[(p3] } (211-1)

PEOND. H 2BV T, sin(kysing) = kysinf LiEX, @ OMKPRETHZZE LT, yn,] =
ylnsl —zln,l =[ny] &9252&1C8V]

@2 = e~ tkxcosB (k2 sinB e *[p,] } (2.11-2)
BREHID. HI3BUICOWTH, cos(kysinp)l,_,, = cos(kbsinf) THDHDT

@3 = e~tkxcosB ik sinB e~*4s cos(kbsinp) [¢,] } (2.11-13)
PFHND. ZODcosDHZ 1 LiELS & NSM D E L —Hd 5. mHRIZH z
ATHIZBW T, sin(kysinB) x [n,[I3EAOBIHEIZB W CRG S E72 DD v b o 5
T, K3 DL INTELAMFRINE S ATZ VAT 2% F— RO radiation 7~ «
TUUXNEBEZUT(ENE e LES T LITTD), TOH 4TI kG
PIFD & 5 AR T v o LD END. > 1

L d )
% = e~tkxcosB{k sinB e *4ssin(kbsinB) [¢g] } (211-4)

3 o DEHE—F
UbZE L5 &,
(@, = e~ kxcosB{_c ke k[p.] + k sinf e *%ssin(kbsinB) [¢g] }

+e—ikxcos,8{ik sinB e kds cos(kbsinp) [¢,] + ik? sinf ekd [p.]} (2.12)
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LD AL UATEBEAREGY, 24T BB Th b, 1EkDQ2.9)IE 5 &, 117H, 21THEN
FNOE 2 W, BIXO21THE 1 TDcos(kbsinB) 3Bzl -2 2 L1272 5. T ZTHLRZ &0E, HEk
WS 2bL p=0,1 ©LXI2IEQHQR.12)XEBITHIDE 1 HOLNEY, WEHE—KT5H. EHiziahm
PoT=QRADFALE 2 HEFE 4 HIT L HITK2OA—F—THDHDT, RRERTIIEN NS R Z LR
D, LINLARRS, B, SElRER I Ib o HHEOEEIER TX RN THA ). FNERDETHE
BT 5.

3. 2RTRBISHT HBMER LORR

3.1 Diffraction RT > > v IILDFBER _EDFES

T 2T 2 RITSE O radiation/diffraction RIEDEHH 7 1 75 o (BEREEHEVE) % VT, diffraction RT3
IVOJEESRE &, BN *7z diffraction T v ¥ L OIEEIR2.9) R ON2.12)RUT L D EA T 5 Z LItk - T
IR A fei T 5.

£ =90° OEAE, 2.9 KLVN2.12):D diffraction "7 > ¥ ¥ /MIIRD K H 12785,

@7 = —cike ™ @3] + i ke [ @, ] (2.9")

@7 = —crke 3] + k e *%ssin(kb) [pg]
+ik e~*ds cos(kb) [@,] + ik? e *[p,] (2.12")

2 WotRtE 7' 1 77 AT, (LR DOIHEDQ,, 0p, 03,0 RO DH T ENTE D, @plT@HORAE T2 7T AT
WRHE(E SIUTWVRWS, sway B— ROMEREESRME EARFNS, DF D |n,| &3Hus, fEEICRDD 2 ENT
D, BOITE, 00 03,04, 05 %(2.9)2.12)OAIITAN L THTZ diffraction ART > U ¥ L ERHRT B 7T 4
TRz, DI AT S . T OB, KEARFRSY,

F OBy Z SIS 5. 2D, R T R oo blemss o0

7T BTTHFTZ @, & RIFRASY & BORFRA M S L C ISR T
e DXt (R &9 5. FHREXIZUT L2 inE,
B 4 (2T Ko7, EHMMOFEENESE LT
Hy=b/d =185, 0=096 O LewisForm i/l & -

L7, BLFIZ, ZOMARNZOWTHEL kd = 0.504%

AR T. ZhUEd/L =0.058F5 EA/L = 0.631C% 0T 5. X4 EtEIZHL7= Lewis Form fin%!

o
4 08 06 04 02 0 02 04 06 08 1 12 14 16 1

X U IC diffraction N7 2 3 v LD FEATRIREK 73 0 FE5 S OREAT D b 2 [X] 5(a)(b) 2R .

Diffraction potential O XtFREL %> (real) Diffraction potential D XFFRELS (imag)

0.1 09

R0 737679828588

-05 1 4 7101316192225283134374043464952555861646770737679828588

EE  —tE0E e—E1IE A EEIE e R BUE e F50H e E1IE + H2E — AR

X 5 (a) ZHE RIS DEED [ 5 (b) EHERFRAL S D EEED
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Z 2 ORI O AKERICI LS T, BEMRITER12)ROFE 1 H, Tabbitko NSM L FE CETH
. $HERIZQA)ROE 2 H, ThbBE L MMboT2eyDHETHSH. L THRERNE 1 HE S 2 HOM
B OB T, OB O Th D Z 21X, /L = 0.63 DR EIRICB W THR.12)RUTIEFIC
FENRBWEWS Z &, ZOFE, 52 Heg DHEMNEH TEXR2NENS & THD.

YN BORFRA Sy D HLIEER SR A X 6(a)(b) =T

Diffraction potential 0 I FRAK 2 (real) Diffraction potential M TR (imag)
06 04

03

04
0.2

02 01

34649525558616467 7 79828588

679828588

131619222528313437404346495255
-0.1
-0.2
-0.2

-0.4

-0.3 £ 318 (cosB ) E 318 (coslBER)
06 %318 (coslB B) %318 (coslBEJE) #418 E3E+E4E
B4E — E3E+FALE o R
— | R
6 (a) £ R TR 5 DEEB 6 (b) £ R AR D EED

Z 2 CHREOBHIIQRI2)AE 3 HTeos HE 1 & LI2b D, #ﬁb%%%@NﬁA*ﬁmﬁé Z DRy
D Thn 2 &1X, 5 3 HDcos(kb) N TE a2 &, HDO@, DIELNENRH D ENH 2 ETHD.
tﬁ.,~::TMwﬂ;Cw&b%>lﬂd—l%ﬁL@%@@a%Qﬂfj@ﬂmﬁi@%ﬁﬁigh&b‘

PLEIZE Y, Q12)DOHEX T diffraction N7 > ¥ v LA BN EI CHRER RO BND Z ElxboT-.
£72, TEROHEERQHAXTIE, (ZZTIITTRLTWARWBA/L = LORREOHHER TY) FENEN LD Z
Lot

3.2 FREH N DFEER LORESR

HIEICIL, BEDEITQRI)RDEERT oo ¥ VOWBGEEAT 7278, Z 2 TIHHEERT > 3 v L OFESIC
K DPHRIREN ) DT, IREIPH O EEIZ o7 > THEERSEE ORGIEA1T © .

2 YRSTWTIE 28 < P IRARH] /1 diffraction RT > L ¥ VORI E VL TDO X 51252 5 5.

f = Jy 07 nydl (3.1

= 2 TE.DHRUCI2)HAEIRAL,

fCH (i n]dl = {al-j - lb”} (32)

EFRFLT DL, 2 WITHiE (8 < BERSRFI N BT O X 5 12GF:61 5.

Heave force

5 = — ke *{az; —ibs3} + ke *dssin(kb){azs — ibgs} (3.3)
Sway force

5 =1 ke s cos(kb) {ay, — ibyy} + i k?e % {a,, — ib,,} (3.4)
Roll moment

2 =1 ke s cos(kb) {ay, — ibys} + i k?e % {a,, — iby,} (3.5)
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ZDOXE DT U TROWrE /1 &, 2 I diffraction [FRE % B I TR T3 T2, 20855 L RO T ) (ks g
EIEE) L DHBEITS.
PUFIC ol /1 o bl Fe 237038, iiliEni & [@ UHy = b/d = 1.85, 0 =0.96 @ Lewis Form ffy

BCH D, £LUTOXTRESHITIA/LEZR~T (d/L = 0.05 THE L) .

-0.2

-0.4

-0.6

-0.8

-1.2

-1.4

heave force f3 (real)

055 1 15 2 25
e 5 U1 ——EflAR 2

X 7(a) Heaveforce MEER

35

16
14
12

0.8
06
04
0.2

05

%9 heave force %X 7 (2~

heave force f3 (imag)

1 15 2 25
— R IRl ——3i bl 2

7() Heave force MELR

T ZCUTfRlE 1 13(3.3) DAL E 1 THOA GEHE), TP 2 13G3)RXOAUE 2 HLMZ b D TH S, Ul
2 1B IR L FERICR L —&T 5. £/, FHOEICB W TE 2 HDOEENRE W E0Nbns. ZDZ LT
5DORT Vv VOEHER L S 553 5. IRIZ, sway force, roll moment %X 8, 9 R T.

06

04

0.2

-0.2

-0.4

-0.6

-0.8

0.2
0.15
0.1
0.05

-0.05
-0.1
-0.15
-0.2
-0.25

sway force f2 (real)

25

— EER SRR ] e—T R 2

8(a) Sway force MEER

roll moment f4 (real)

AR fE2

— ERE R LR

E9(a) Roll moment MZEHR

35

3.5

0.7
06
05
04
03
0.2
0.1

-0.1
-0.2

0.8
0.7
06
05
04
03
02
01

010

-0.2
-0.3

sway force f2 (imag)

— SRR 1 e AL 2

8(b) Sway force MELR

05

roll moment f4 (imag)

— R LR 1 e TR 2

9(b) Roll moment MELR
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Z 2 CUTPE 113G 4GS DANE 1 THOR (RERIEIZ cos THEF U7=b ), 2 1XF 2 H LM 72b DT
Hoh. FRWEEBETLHZLICKY, LVEEBRIELS 25 2 ERbnD.

(34)(3.5)ADH 1 T D cos DRz [ T2, HERIED X 91T cos T A AH720 T sway force 43K
THIEDOBTHETHS.

sway force 2 (real) sway force f2 (imag)

12 08

0.8
0.6
04
0.2

02 0 25 3 35 01
-0.4 0
-0.6 -01 0 35
0.8 -0.2
1 -0.3
— TR 1 (cosTERE) ITIBUAE 2 (cos T B ) —_— R VAR 1 (cosTBRE) e SR 2 (cosIEER)
10(a) Sway force MEER (cos IEEE) 10(b) Sway force MEER (cos IHEE)

8 LM 10 DT LY, ik, BERBTIIE 1 HD cos HAKRE SIEH LTV D Z E03Dn5.

Pzl v, HoBTh 12O ENEI BRI > THEEICADTH D Z L BHEID BT,

4. STFEEDHE

Z ZCHIARIE L STF Y0k E R CH D, STF E TR 2R D 5812, radiation N7 v v L b
diffraction N7 > ¥ /LT Green DA 1 LT,

Ap; 9 9
EJ'S = HSH @7 ndS = HSH‘/’7 -a—n’dS = fsz¢j -%d&’ - _HSH(pj -%dS
_ -USH 9 kekz=ik(xcosp+ysinB)[; sinB n, —ns;]dS

=k [, eTiklxcosh) gy Jen @i ekz=tkysimB)[j sinf n, — ns)dl (4.1)

E LT, 2% —CHLEDE Tl 2 IRITD radiation HERT ¥ L a2 HAND E LTNA.
ZDHEZQ AT 2 RIED S D% AL RUSMIEE 2 TIETH Y, BN 2 RER RO DL Z LR TELHEASD.
72170, ZOFEDRSIE
WMENEDDL LAy — O E LT uRe 50
IR BEND TN E Y, diffraction IR T L v L (o TESARIL) 13k Hn
EWVWHZLETHSD.
WIZ, STF{EIZ X 541D 2 TRl /1 &, REIC X D2 & D%, HEO-HIZB = 90°DH;
BlIZOWTRT.
Heave force 1% STF 14Tl

f& =k [ 03 e i ny —nsldl

k[ e cosky @3 ngdl+k [, e“sinky @3-n,dl (4.2)
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RIETIE
f35 = - ke_kd${033 - ib33} + ke_kdssin(kb){a33 - ibB3} (3.3)

INHIEENENALE VAR L, F2HELARGLTWDZ EBb0d. bhEAAI X —IZIN I B EIT
9 STRIEDHKEEIZBWEAS S TR EL, BBIFERLEREZ G252 THAH. BIDHE 2 HITBWT, ¢p
LR DT, o3 HWT, @31l|n, | &3 U TS T iUL{ags — ibgs} 3G HALD. L LZ DA diffraction
BT WAL L.

Sway force (% STF {5 ClE

fi= k J oy P2 -eke kY [i n, —njldl

= ik [, e cosky @ nydl+ik [, esinky @, nsdl (4.3)
ARETIE
fzs = ike_kds COS(kb) {azz - ibzz} + ikze_kd {a42 - ib42} (34)

@3)RDOFE 2 THIZBWT, sinky ~xkyt LT, yngmyns—zn, =n, &t 35&, GAHDOFE2HELIET D &N
7%, Rollmoment (ZOW T HERRTH 5.
PLEIZ XY, STFIEIC X 208l 7] & ARVEIC LD MEINTIZE—ET 5 ThHAH 5 T & BITHIT R STz,

728, Rz~ diffraction RT3 ¥ LITSR D B2 E WD STF VED RS ZHH 5 72912,

% — _% ~ kekz—ik(xcosﬂ+ysinﬁ) [i Sl"rlﬁ n, — Tl3] (2_4)

DEERGEMN 2, 2 Rl TR THEN L DN ZLhD D, Tbb,

% — kekz—ik(ysinﬁ) [l Si?’lﬁ n, — Tl3] (44)

LWV MMRRIESRM AT T Do, % 2 ITOBRERIER E TR FTETH L.

b HANIDTFENR—FREENRWEA I T E S, EinE Z &I FRA MR T TR 570, eds,
ZDFEE STF 1k EMESSCHRAN B D08 DZFUTEMETIEZ2V. AU LD STF 3@ 1)XE WL HIETH
5.

5. F&o

AFHSCIE NSM (Z81F % diffraction N7 > 3 ¥ /WIEREHRIEOREE R BikE R b D ThDH. ZivE TILH
ODNTENEEFELDDLELUTOE TR,
‘NSM O FiEE KL 55, NSM TRIEE SN CWERIEEBET L Z LIk Y, BEOEOUT L ZE -
- RYEIZ K % diffraction 787 & 3 /L S ONBRAR] ) OFSEETR] FIZ-DUW T, 2 IROTIIRSG CHERRGTR 1T\,
BRESICB W TOARERESTHD Z LIVRENT-.
cARVEC K B IIRIES ) O RIBE R EV E DD STRIEOZN L IREFREDO L DO THDH Z & ZfiFHr)
IR LTz.
c R TIE 2 IR L2 & 9 il 2488 L CRID)RDIFEIRAZEN -2, MHRIRT L o1, 2ol
OWAFHITEN L 5 TH B.
7k, FHEAERET) DFEE LTZBIME T, (4.4)=NDEES 54 C Diffraction A BEHHE < 2 & CRUEEMENE S Z
BOENDHOT, T2 ORLEGRFETIVEREAS L/, LU D, ARETIE XD MEICREE B\ R
PEHNDHDOT, NSM OB REE LTUIAHTH A9, Fio, BRG] O LA TG BRI iX
QRIANFZDOHERERDIEAS D,
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fHE&  FRRMTED A A R ORI DS O diffraction RT3 /L L IIRIRH] S

AT 2 O X9 RIEERISEW W 2 & L GERIEQR,12) 280 =D T, 2SO OEEIZIZE S
RBIEAHDINE VD ERINAL S, £ 2T 1IR3 A (Hy = 1.0, 0 = n/4) &8 (Hy = 1.0, 0 = 0.5)IC
DN, K& RO R 21T > THI-.

02

12 0 02 04 06 08 12

11 (2) IEWRE(H, = 1.0, 0 = 7/4) 11 (b) B2AAMFE(H, = 1.0, 0 = 0.5)

PRI DB OFERD 9 BRTFRRLS DRT 3 v /L %X 12 12,  heave force D %X 13 1Z-7

. : ; : . > /N (
Diffraction potential O XIFRAK 7> (real) Diffraction potential ® X1 Fk7>(imag)
0 0.6
4 7 101316192225283134374043464952555861646770737679828538 05
-0.05
04
-0.1 03
02 \—/’/
-0.15
0.1
-0.2
0
1 4 7101316192225283134374043464952555861646770737679828588
-0.25
FUE e 5520 e EIE + FNE em— i
$1E BE e ZEE + FE2IE e [E R
12 (a) EAEXFRE S DEED (FHE) 12 (b) EAX S DESS (FHE))
Heave force f3 (real) Heave force f3 (imag)
0 0.8
0 0.5 1 1.5 2 2,5 3 3.5
0.7
-0.1
0.6

- v’/// 05
0.4
0.3

03
-0.4 02

-0.5 0.1
0
06 0 05 1 15 2 25 3 35
— R LR 1 ——E R —rEE S ] —E
X 13(a) Heave force MEZR (FHEY) X 13(b) Heave force MEZR (FAY)
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