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Description of Ship Form and Evaluation of Ship Performance

by Kayoko Arai, Member Tomoki Yamada, Member

Ryusuke Hosoda, Member

Summary

Ship form has been expressed using the “OFF-SETS” and “PRINCIPAL PARTICULARS (PRINCL-
PAL DIMENSIONS)” with “LINES” for about 100 years since the beginning of the modern develop-
ments of ship engineering/science.

In the field of ship design, ship performance has been estimated and evaluated by means of indirect
parameters such as principal dimensions and coefficients. Since these parameters do not give an unique
ship form, ship designer has utilize their experience and intuition during the procedure of performance
design for improving and determining the ship form. However, how long are we able to pass on the
skilful knowledge to the future generation ?

In the present paper, the authors propose a method for describing ship form by means of Fourier
series called Fourier Descriptors (FD). They will show that FD can determine an arbitrary ship section
uniquely and can decompose/reproduce arbitrary 2-dimensional ship section form.

As the 1 st step of the performance evaluation, they show the effects of section form on the damping
and added mass coefficients of 2-dimensional oscillating bodies that are commonly used in the ship

motion estimation with comparing results obtained by means of Lewis Form transformation.
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Fig.1 Coordinate system for describing plane curve by
Fourier descriptors
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Contribution mechanism of a; in
reproducing closed plane curve

Fig.2(a)
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Fig.2(b)} Contribution mechanism of a_; in

reproducing closed plane curve
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Fig.3 Body plan of SR-196 a, b, ¢ ship model and

reproduction of frame line by Fourier De-
scriptors
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SR-196 a, sq.st. 1/2

Fig.4(a)

(SR-196 a, sq.st.=1/2)

Effects number of terms of Fourier De-
scriptors in reproducing ship frame line

SR-196 a, sq.st. F.P.W

L.

¢

Original

B.L.

Fig. 4(c

) Effects number of terms of Fourier De-
scriptors in reproducing ship frame line

(SR-196 a, sq.st.=F.P.)

SR-196 a, sq.st. 9%

W.L.

— Original

B.L.

Fig. 4(b)

Effects number of terms of Fourier De-

scriptors in reproducing ship frame line

(SR-196 a, sq.st.=9 3/4)

Table 1 Approximation accuracy of Fourier De-
scriptors in reproducing ship frame line

ltem \ sq.st. N +5 +7 +9 ',ES‘}",{,S
s 1/2 |-7.35 | -7.00 | -4.91 0
€ .12 |-735|-700|-491] 0O
$ |.9% |-160|-011-048] 0
faa) F.P.
= |12 |221/-137]-030| 0
S 9% |-003|-049|-051| 0
Q " ep 1493158134 —
(1] 1/2038 ..... 042 ..... 004 ....... 0 _____
£ 1.9% 1004 000] 000| O
FP.| 006 |-006|-001| —
oSl 12 | 344 | 348| 1.93| 4.46
S| 99 040 027] 027 |-4.26
O ep 17116 002 084 —=
Lcl. 12 ]0021]0.017]0.010] 0.069
&S| 9% |0.006]0.002/0.002 0.062
F.P. | 0.009| 0.005|0.003 —

EETE R OE/BAL L TERER s v S [h%
B ZBW®REFONIAI— 2 HWTES> N 3 Lewis
Form &%t L, FD i3855 S WEE 2K T 2 7-DIc5 2
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SR-196 a, sq.st. 1/2

SR-196 a, sq.st. F.P.
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Fig.5(a) Comparison of accuracy of FD-approxima- Fig.5(b) Comparison of accuracy of FD-approxima-
tion and Lewis Form approximation (SR- tion and Lewis Form approximation (SR-
196 a sq.st.=1/2) 196 a sq.st.=F.P.)
SR-196 a SR-196
L sqst. 172 5% L sq.st. 9 3/4 £5%
WL e FD +5% W.L R &) +5%
Original| +1% | +3% Original{ +1% | +3% | +5%
[ [a 0.6182 | 0.6174 | 0.6157 0.7107 | 0.7111 | 0.7113 | 0.7111
a.« [-0.1858(-0.1870 (-0.1896 |-0. -0.2347 |-0.2367 |-0.2400 |-0.2425
[ a -0.0320 [-0.0357 |-0.0427 |- -0.0811 |-0.0935 [-0.0990 [-0.1052
NEY 0.1057 | 0.1046 | 0.1023 -0.0365 [-0.0408 |-0.0492 |-0.0573
as 0.0545 | 0.0562 | 0.0600 -0.0017 |-0.0019 {-0.0021 |-0.0020
L {a-s 0.0183 | 0.0217 | 0.0285 -0.0015 [-0.0011 |-0.0007 |-0.0004
-1% -3% 1% -3% -5%
0.6190 | 0.6205 0.7103 | 0.7091 | 0.7075
-0.1847 |-0.1826 |- -0.2324 |-0.2272 |-0.2211
-0.0283 {-0.0204 | - -0.0888 |-0.0848 |-0.0816
0.1067 | 0.1086 -0.03283 {-0.0237 {-0.0152
0.0527 | 0.0495 -0.0014 {-0.0008 |-0.0002
0.0150 | 0.0083 -0.0019 {-0.0030 {-0.0048
1 1
_B.L. 42 | B.L. Q
Fig.6(a) Deformation of ship section contour, repro- Fig.6(b) Deformation of ship section contour, repro-

duction by Fourier Descriptors and changes
of {as} due to deformation (SR-196 a, sq.
st.=1/2)
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THRE (an) 2HET 2 [RE] 2RTHELE> 2L

T35,

1> T, FD & S NIEMERAR O ST 22 % 2

22 ZORREEMS RRBFET b HEE (ad) OF

duction by Fourier Descriptors and changes
of {an} due to deformation (SR-196 a, sq.
st.=93/4)
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HEDBITH 5, BERAROE LIRS 2 WEEAD 1, 3,
5% & ¥ ARG (A Wimek) T5 47, Lewis
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WY, B& D, FD OFE 3R E G U 7 E TR
EELIEDHEETHL I ENbM DL,

& 52, EMOBEMEhEFRPROZEE, BREICEL T,
Lewis Form Z#1DBE, 2-85 X 5 —DEWTHE 1
MRARREE D X 5 CEER K & C ERICELT 353
5, BRMOMEHAED & 5 IChEEBRS U B TH S
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BWoris EROMER, loRELHE RS 245, 77—
LEBFECIEZD & 5 RHIBIER N,

3. 2RTEMEOEEBERMFS, FERIC
X193 HREFAR DR
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Form 12 & - T#EflL, Ursell-HF i & - THEST 2 #
ETHOB—RTH B, BHEOMEDHBETIE, ZOHE
&> THREFBRIBOBD CTRVWHEEE2EOND I &
BHISGNT WD, AFFFEIFA M) v FEORE2*HE T
5DTEZL, MEABROBDRELSTHENICIEL 2%
BrHET 2L ThD, RN TR, W 28
HBROECOFE R, 2 KTHED L THREOE KRS
71, MMBEREENRE L TTHET 2, 2D, FD
W2 & o TEMIL 72 Wi O FAR S DHEE I I3 B S F ek
ZHwiz,

o
o

1.0 -
SR-196 sq.st.1/2 Original

K

T
<

NV

AN ]

0.5 -11.0
O 1 | 1 1 015 i 1 1 1 _40
) &y
Fig.7(a) Results of wave damping coefficient Ax and

added mass coefficient Ky for ship model
sections (SR-196, sq.st.=1/2)

FHEDOEEAE & 2 AWAAICEAL T, eI 0
LTOFF-SETS k52 o A BH EO SR A %5
mEt, RIEDFREAMEEY XL > TRD 2,

BhER A p i B 12 BE L T Irregular Frequency o B2
DRI ERNRBEEE (S4=0~1.0) & L1z,

HEAMAIE, SR-196a, b, c TH Y, ZDOMBD sq.st.=
1/2, 2, 5, 9%, FPORWEENFEE L1z,

REFM O LESE & LT, AR % Lewis Form T
AL, Ursell-HF W L 2 FEOHEER 1T 1,

3.1 FDELMUITEOERERD, FMEEFRYK

Fig.7(a)~(e)iz SR-196 it B 0 R EI % & * FD i1
PR 0t 3 5 L TRAEERENIREK As, [TIMEREF
B Ky DHEEHRHRER T, £, LB O 72912 Lewis
Form Wit U ¢ Ursell-HFEZ2HOWTHEEI NS
An, Ku % b FIFFICR Y, %238, SR-196 MELIE AL AETHE
HEHBTHEHS, a, b, c DEFIZ U,

Fig.7(a), (b) & 0, ks L DA O, WK
KEHE TR &% 5 V BIE B L T, FDEAE
D Ax OHEEMEIZFEKE O An IKEERTHZD/NEL,
L5 Lewis Form Al AR RIFL#EEEE25 L2 2 &
Bodbd, £/, K KL T FDELME KT 2 HE
ERLFTLDLIO—BERE LRV, ZOTF—HOER S,
FD iz X 2 WrE DAL BV CRTE LK & L CIiEE
EDIEBPEREVHOD, KEB L URERICB W TER
HPSBENS -0 Ay, Ku DHEEBEIENELC DT
Bb, ZOHIKHEL T, Lewis Form Bl TIXZT# - 04|
HELTIhSOEITENE: —HT 5 eafieshn
Twb7:d, FDICHRTRIFLRHEEEE2E5Z7:6DTH

%,

1.0 Original SR-196 sq.st2 20
<1::: [ === FD approx.
| - Lewis Form

0.5 1.0

0 1 1 1 1 Ol 1 'l 1 | i O
5 1
&4
Fig. 7(b) Results of wave damping coefficient Ay and

added mass coefficient Ku for ship model
sections (SR-196, sq.st.=2)
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1.
10 Qriginal SR-196 sq.st.5 _2'0 0 \\\ SR-196 sq.st.9 3/4 Original ] 20
<x]:: - <= FD approx. \: :CI <I r :
| mm———— Lewis Form ] - E
- \ KH : -
\\\\ T T T T e
- \\\ = 4 -
0.5- ) 1.0 0.5¢
L LA i R
1 i L 1l 1 1 1 1 d ] O
0 0.5 £, 0
Fig.7(c) Results of wave damping coefficient Ay and Fig. 7(d) Results of wave damping coefficient Ay and
added mass coefficient Ku for ship model added mass coefficient Ky for ship model
sections (SR-196, sq.st.=5 (midship)) sections (SR-196, sq.st.=93/4)
1.0 2.0 TNEDDEERLTB I BTN 5E, TOBETH,
i /”—\\ . FDEBUC B0 CAMIER S & CIREHOEESET L
I
< - S ] 1 T3 ZEBT—BROERTH %,
[ K. o ] % Z7T, SR-196a B D sq.st.=1/2 B X ' FP W&
- e FD approx. ] Bl T FDIEMOER 28 L TGELE S LW, Ag Ku 2
| SR-196 sq.stFP ] EL7:AERH Fig.8(a), (b)TH3, W&y, UR, V&
. FIETE N U CREBER OB S 4 S FE I OHEE
0.5r 1O mEsEET2Zrs9mz, BETHIE, ETEAOR
- . %1, RCERBEANFRKCEL T AEROFSESE b
L ] DTREWILERTHDOTHD, 72, BES ORI
HEHEIZ Lewis Form JEfl, Ursell-BFEE2H 2 &b
i BOREDOWEEEGZ 5 Z L3535,
" HARARER sq.st.=5 DWTEIIZBE L T, Fig. 3 wRah
0 5 LB YERRSBR:D, WEEREBROMELIC FD %
0 FVEZ L iRZOWEEFE L 2%, Bl OREE
Fig.7(e) Results of wave damping coefficient Axand &b ZNHHABICEN TV 5, Lewis Form EMl S Z D5

added mass coefficient Ku for ship model
sections (SR-196, sq.st.=F.P.)

—77, MERR L DEIAOKECB L T, Fig 7(d),
(e)iZR&NB &5 CFDEBEE D Ay, Ku ICBIF L
RENHEEEEZE L2 8bd 3, & DOEEMHIE, SR-196
fAZLI MR AEET RS U OB SR TH D, KETE
BUISFDDEAUELRFTHE:0TH 5, 512, sq.
st.=9 3/4 MIEIC 8> Tid Ku D—E X Lewis Form if
PUDBECHNTEDLDTRIFLES Z L8 TE 3,

7z, FPWEICH U T3, KGES T L - 1Bk
TdH Y Lewis Form iEBUIEEL Rt o, iz Ts i
W23, FD JTBUSTE O SR /7 H#EE 12 M O 7 vzl

WEL CTRERTH B,

3.2 MhEREROTILICHE ) REDOEIZET 24

FD ORI E» ZIERBROTLE S RLES Z &
Thb, HIFIOFEM LD, BETERCBSCTIINER
IRDEL 2RI L DRENCEDEL S Z L0 »
ERDT T, IEREROEICHS FD OILLUES
S UHEH OB 2 BREMIT 21T > 72, Fig.9(a),
(b)i% SR-196 a JARID sq.st.=1/2, 9 3/4 Wi % Wi Ea B,
BBk EEZ S LR MARBREELIELEED
FD OiafloBERRL D TH B, SHEITHLWMmE
BMIZROZEIZFig. 6 KRT £ 5 IcWEEAD £1, £3,
+5% ORECIBARICEIL S ® TH 5, Fig 6 HIZRE

NI | -El ectronic Library Service
. |



The Society of Naval Architects of Japan

528 HEREMESHE F182 5
1.0 T 2.0 .
SR-196 a, sq.st. 1/2 —— Original ] 10 ]
Er e - nN=~%5 1z i S
K e ~k7 1® < ;
’ SR-196 a, sq.st. F.P. 7
s i —— Original 7
| | e N=~%5 |
— ~+7 |
0.5 0.5+ ~=39 1.0
O 1 1 1 1 0:5 1 L 1 | W 0 O
&4
Fig.8(a) Effects of number of terms of Fourier De- Fig.8(b) Effects of number of terms of Fourier De-
scriptors in estimating Ax and Ku compared scriptors in estimating Ax and Ky compared
with the results by Lewis Form-Ursell with the results by Lewis Form-Ursell
Tasai estimation (SR-196 a, sq.st.=1/2) Tasai estimation (SR-196 a, sq.st.=F.P.)
1.0 2.0 1.0 2.0
z SR-19%6 a, sq.st. 12 Original 13 - |SR-196 &, sq.st. 9% Original 13
L b L —_— 4
Deform i < Deform i
L\ K sroee 1 % ceee 1 %] i e 1% e %]
—o— 3% —=— -3 %/ 3% —e— 3%
0.5
0
Fig.9(a) Effects of frame line deformation to the Fig.9(b) Effects of frame line deformation to the

wave damping coefficient Aux and added
mass coefficient Ky (SR-196 a, sq.st.=1/2)

NT 3 {an} 13, FHTHE & 2160 FD OfEC5 3, Fig. 9
£V, BREERTENERROEL I L FEATET
RELSHEERIZE 20D, BEITERCB L TIz—RE
»ne b B2 5 MEBPROE EFIEAEERES, M
HECRZTHESOPROIKEWI E8b®»3, LL,
COEVERRIMEESCS L 2 EIEETETLE
Ve iz, BEX MY v TETHWSN S Lewis Form ¥
TR Z 2R L 2 BRROEL 2R, =BT 2 =

wave damping coefficient Ay and added
mass coefficient Ky (SR-196 a, sq.st.=9 3/4)

EETER,
4, #

TERMERAR DR EE LTHAWSRTET: 3 XTY
e L TOMBEORE D EMIEE 2B v 2 52T T,
fREDHEREHEE, FMEICKEL TITbh T & RS0
EENCEET S MBWER, MHEEM_ED Know-How 2 EE A
MEL L CERT 2 CRBBCET 2 BHESEFRELT

ol
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WHEHEZOND, COEREAHETLHED—DOLLT,
MERDIEMF M AT L U TR A, BEZRICHIR ST £
TR ANDHEEREL, 35CIENEEL, ®
REVERME & s 7 PEREREE /7 ik, MBI D RIAEM: % TH~
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