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A Study on the Relation between Hull Geometric Characteristics and
Performance in the Yacht Design
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ABSTRACT: Yacht design is significantly affected by the hull geometrical characteristics. Therefore, it is necessary to closely examine the relation
between hull and performance, before considering characteristics of sea condition. In this study, Genetic Programming is used to derive a formula for
the relationship between hull geometric characteristics and performance. Using the formula, a new guideline is proposed to determine performance of

a yacht.
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2. Genetic Programming(GP)
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Fig. 1 The Diagram of the GP system
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Fig. 4 The body plan of hull D1

Fig. 5 The modeling of hull D1
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Table 1 The hull geometric characteristics

vessel B/T Cp |Cv-10°] L/B [
D1 375 0.62 3.0 6.67 050
D2 3.75 0.62 35 6.17 050
D3 40 0.62 3.0 645 0.50
D4 35 0.62 30 6.90 0.50
D5 3.75 0.646 30 6.81 0.521
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Fig. 6 Total resistance coefficient of model ships
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Table 2 GP parameters

popgulzztlon genlgraaﬁ on dorsas,&ver repr(;(;léchon max_depth
100000 100 0.8 02 15
(1) casel: Co2| H3alof WE M5 F=
714 D13 G/ & D5E cms FE8) Btk G, Fn
5 ctmo] QulolE 2 AL E o, HuldAT)el F4A(F)
o Ztzt oL o] MdAHEAYG T={Cp, Fn, random

number}, F={+, -, *, /, sin, exp}. %3}, D1¢] Fn=0.5, D59]

Fn=0.60] A=t|ole]Z AME-E )

Table 3 Input data

vessel ﬁgse:s cp Fn ctm classification
1 0.62 03 4.87 learnin
2 0.62 04 6.32 learnin;
D1 0.62 0.5 8.19 verification
3 0.62 0.6 7.8 learnin,
4 0.62 0.7 6.84 learnin
5 0.646 0.3 5.01 learnin,
6 0.646 0.4 618 learnin
D5 7 0.646 05 847 learnin,
0.646 0.6 7.96 verification
8 0.646 0.7 7 learnin

@ GP &4

ctm=(Cp, Fn) = ((sin (((Frn/0.42966) * (exp (exp (— 0.52965
N *(exp (exp(0.25036))))) + (((exp (exp (Cp))) — ((exp
(—0.38545))/((exp (Frn+ Fn)) — (Cp+ (sin (Cp)N)) — ((((( 2)
Fn+0.89044)/(0.2907%/ Cp))/ (((Cp/ Fr) + (sin (—0.88998)))
+(0.23311 + Cp)))*(sin (—0.40194))) * (( Cp*0.74608) + Cp))))
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Table 4 ctm reasoning according to C, variation
vessel | Fn ctm ctm error a‘{:;jfii of standard
(real) |(reasoning)| (%) error(%% deviation
03 | 487 4837 067 Y
04 | 632 6.249 1137
D1 | 05| 819 7.884 373 2
06 | 78 7637 208 Y
0.7 | 684 6.747 136 Y
03 | 501 5.086 150 ¥ 215 175
04 | 618 6.559 613 Y
D5 | 05 | 847 8215 300 Y
06 | 79 7978 0272
0.7 7 7.093 132 7
" Jearning ? verification
12
10
«--A---D1 (real)
—&— D1 (reasoning)
L ---#---D5 (real)
—&—D5 (reasoning)
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Fig. 7 Comparison of reasoning value and real value

(2) case2: L/BS| Halol 2 Hs F2

D1, D3 2 D4¢] L/B2] ®gld] WE cmE FBotd B
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I FFAEFL Zhzt e Zo] AFHUTE T={L/B, Fn,
random number}, F={+, -, ¥, /, sin, exp}. Table 5] GP &

dolelE e

Table 5 Input data

vessel ﬁctgse:s L/B Fn ctm classification
1 6.67 03 487 learning
6.67 04 6.32 verification
D1 2 6.67 05 8.19 learning
3 6.67 0.6 7.8 learning
4 6.67 07 6.84 learning
5 6.45 03 469 learning
6 6.45 04 597 learning
D3 6.45 05 8.17 verification
7 6.45 06 7.78 learning
8 6.45 07 6.8 learning
6.9 03 487 learning
10 6.9 04 6.45 learning
>4 11 6.9 05 87 learning
6.9 0.6 8.19 verification
12 6.9 0.7 5.65 learning
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ctm=f(L/B, Fn) = (((L/B)+ (—0.33270/Fn)) — ((sin
((Fn*((L/B)+0.88951)) — ((sin((Fn—0.31861)* (( sin
((Fa*(L/B)) = ((sin(sin(L/B)*L/B))*(Fn—Fa))))* (3)

—e— D4(real)

(B*(0.90912*(L/B))))) * Fn))) — ((sin((—0.71862/
Fn)/(Frn—0.31861))) —(sin((L/B) — 0.42783)))))
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Table 6 ctm reasoning according to L/B variation
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vl | B | G | am e | SO standard
(real) | (reasoning) (%) error(%) deviation
03 487 4.788 168"
04 632 6472 240 ?
D1 05 819 8213 027 "
06 78 8.048 317 Y
07 6.84 6.839 001 ?
03 469 4579 236 Y
04 597 5.644 545 "
D3 | 05 817 7.604 692 % 205 1.86
06 778 7.954 2237
07 68 6.704 141
03 487 4932 128 Y
04 645 6.466 025"
D4 05 87 8621 090 ?
06 819 8.079 136 2
07 5.65 5963 554 Y
¥ Jearning ? verification
—e—Di(real)

—i— D1(reasoning)

Fig. 8 Comparison of reasoning value and real value in D1
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Fig. 9 Comparison of reasoning value and real value in D3
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Fig. 10 Comparison of reasoning value and real value in D4
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AREEHATE HEEA(D Y A 44 og3t 2o 74
¥ Aok T=(B/T, CP, L/B, Fn, random number}, F={+, -, *, /,

sin, exp}
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ctm= f(CP,L/B,B| T,Fn)= (({({((((L/B)+ (sin((exp
(0.27675))/Fn))) — (sin (L/B))) + (sin (( Fr*(B/ T)) — (LB
+0.09964)))) + ((Frn+0.50248) / ((((((L/B)/ (L] B))/

(sin (CP—0.97705))) + (sin ((sin((L/B)+ ((sin (B/ T))/
((B/T)+ CP)))) + (sin(Fu))))) — (CP*((((CP+ (L/B)) + @)
(sin(Fn)))/ (sin (Fn)))/((Fnf —0.23773)— (L/B)))))*((exp
(L/B))/((sin(B/ T))/(sin (Fn))))))) + (((exp(—0.68504))/
((sin(CP)) — (sin ((( CP*Fn)*CP) + (0.40663 + (L/ B)))
INI(L/BY*(exp (CPY))) + (sin((exp (Fn/((L/B)+((
(B/T)+0.34537) — ((L/B) + Fn)))))*(Fn/0.07539))))

@ ¥"dol" # FEFE3%

Table 7 ctm reasoning according to variation of B/T, C, and
L/B

ctm

ctm .| error | average | standard
vessel | B/T Ce VB | Fn (real) (re:gs)onl (%) | error(%) | deviation

3.75 | 0.62 | 6.67 | 0.3 | 4.87 4.83 0.83
375 | 062 | 6.67 | 0.4 | 6.32 6.45 2.06
D1 375 | 062 | 6.67 | 0.5 | 819 8.57 4.67
375 | 062 | 667 | 0.6 7.8 7.91 1.44
375|062 )667 | 0.7 | 6.84 7.03 2.84
3.76 1 062 | 617 | 0.3 | 5.03 5.57 110.64
375 | 062 | 617 | 0.4 | 6.68 7.08 5.72
D2 375 {062 | 617 | 0.5 9.8 9.08 7.40
3.75 | 062 | 617 | 06 | 9.2 8.38 8.86
3756 | 062 | 617 | 0.7 | 7.87 7.72 1.86

4 062 | 645 | 0.3 | 4.69 4.46 4.86
062 | 6.45 | 0.4 | 5.97 6.20 3.89
062 | 645 | 05 | 8.17 8.34 2.02
062 | 6.45 | 06 | 7.78 7.72 0.74
062 [ 645 ] 0.7 | 6.8 6.59 3.15
35 | 062 | 69 | 03 | 4.87 4.66 4.36
35 | 062 ] 69 | 04| 6.45 6.37 1.30
D4 35 | 062 69 | 05| 87 8.54 1.81
35 | 062} 69 | 0.6 | 8.19 7.86 4.05
35 | 062} 69 {07711 7.33 3.15

3.91 2,69

D3
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Table 8 Input data and reasoning results of D5

ctm ctm
(real)

375 | 0646 | 681 | 03| 501 4.78 4.65
375 | 0646 | 681 | 04| 618 642 3.95

error
(reasoning) | (%)

average | standard

vessel| B/T | Cp |L/B| Fn error(%) | deviation

D5 | 375 | 0646 | 681 | 05| 847 859 1.38 242 1.85
375 | 0646 | 681 { 06| 796 797 0.16
375 10646 {681 | 07| 7 7.14 2.00
10

—e—D5(real)
—— D5(reasoning)

ctm
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Fig. 11 Comparison of reasoning value and real value in D5
4. 24 de

(1) caselolld C, A8 EAd ME FEL 87k &5 o]
E]o] B @x}go] Table 4914 yehfold AXH 215%%A
od, gHoxle] EFUAE 17590k AZdolHz ALER
D19) Fn=052] A8 3.73%9.2m, D59 Fn=0.6& QX-&
o] A9 P& 0.22%Ac} Fig. 79 1YL EA BE ctm F
o] Fn3} Gpo] Ygvtow vwa Ags] 41 5 Ut

(2) case2ellA] L/B AE A0 W& F£& 1271A]9] &
tholBl ] Sy age] Hito] Table 694 viEhfolR RAAH
205%9eH, g&xte] EEAHAE 1863tk ASHolES]
D1o] Fn=04 9382 24%, D39 Fn=05 23}&& 6.92%, D4
o] Fn=0.6 2x-&-& 1.36%%rt Fig. 991X Fn=0504 @x-&
o] 6.2%E WA ZA|T, o] HlolE & ol <7 deler}
ohlir AZoz ALEHE doJglo]r] wjFo|t}. Fig. 1004
Fn=0.72] S0} 554%01E0), olals et AYdss =
7MFIE &Y F e weltk

d%F Aol Aol Bt A 95

o

(3) case3ollA] D1, D2, D3, D4e] H¥ 5459 Hadts &
&2 Table 7914 dehfjold ZAXH 391%

o] stz & D57l BEdhg QAES 242%% 23]
2 o 2k sFeate] REAUAF GA] LR digulolE 9
2698 votel Fig 116)M Fn=030A F2H gho] A
ctmic}h 219k o} Fnol 03~040)4 AA| gryck Zrlsigch
EF, Fn=06 A A9 dAFern Fno] ARl w2} @
27 Al F7FeHATE case3S FaA AlEl=Ade A g
A71A @are PS4 ctme ¥laz AJgg dAE 4

¥ 5 Aee 5 Atk

@) casel, 2, 32 2% JEHRE] WE EHF(ctm)9] o=
o] AgFHoz 7lEdE Bk IHA caseld] A7 2
kel A= ¥ ot RS Ha: e A" F
A HollA 289 HJAol= 7HF Foh

5.8 £8

v Q7ERy thev L ARS Atk
(1) GPE Gy L/B, L/B3} G, % L/Be} 4% S40] e =
Yo AAPASm)E F5he o F3hok

2 2EAAA R A Mol GPE Fdtd ds FAol
7bsdte weba HAstE A¥e 27l Aske W =

7

fo

B a7 PugEn druzile o 97 F o
gale, A7l AQo) A=k

il

o
Mo
rat

Jacobsen, A. and Kracht, AM. (1992). "D-Series, Systematic
Experiments with Models of Fast Twin-Scrw
Displacement Ships", SNAME, Vol 100.

Koza, (1990). Genetic Programming (1), MIT Press.

Koza, (1992). Genetic Programming (II), MIT Press.

Michalewicz, Z. (1992). Genetic Algorithms Data Structures
Evolution Programs, Springer-Verlag.

2003y 109 29 ¥ AHF
20034 119 149 & $AHE A9



