7|k

e

it

CAD/CAE Al

20029 24

.olﬁ
ol

™

ol

RO
o



124

20014




Integrated CAD/CAE System for

Planing Hull Form Design

Dept. of Naval Architecture & Marine Systems Engineering Tae-Yun Kim

Directed by Professor Dong-Joon Kim

It is very difficult for naval architects designing high speed planing hulls to design
complex hull surfaces and to predict the power required to drive a planing hull. In
case of geometric hull design, it is very hard to describe a complex
three-dimensional shape as a set of two-dimensional drawings.' The analysis of hull
performance is difficult because the forces on the hull are non-linear functions of the
running attitude of a given vessel. Furthermore some hull performance analysis tools
can predict hull pressure or forces for a given draft and trim, but can not predict the
draft and trim for a given loading and velocity.

In this paper a free-form hull design program and performance prediction program
for planing fishing boats is introduced. This program enables the designer to do
complex geometric hull shape design on a personal computer and accurately to
predict power requirements for a given loading and velocity.

For a free form design, Bezier curve model is adopted as a basic representation
tool of curves and surfaces, and this program has versatile functions to do fairing
jobs with a convenient graphical user interface. After creating a hull form the
geometric data is provided in a manner compatible with a variety of analysis tools
including ‘Motion Analysis(by Zarnick) for prediction of motion characteristics in
regular waves, Running Attitude(by Savitsky)' for prediction of the running attitude

and required power.
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ZZ WL Visual C++dE ALE38l9 2™, GUIGraphic User Interface)& &3}

AbE2E7E GAIZE Ao By Mube HAY £ JEE AT AL BHEE o

A AFEY G4 X oll(Bezier) 4 Edln} wx]o] FH RS Al8sle) mulalsiqct
To] EAo] Tt HAo #FY MAyg dxm, o AP Y FAGHQ

e detete ZAolnr, RE APHAAA0 dEgFon HRE FuPe 4

o] LGt Al Welg AlFETh

& 22y Wi oS3 P

i

(1) o7l Yo} Y= FFAPY HEHA FPE FolA AAo] AAY Mutz f4)
E_H'

gt o] A¥e v dHEH YE Control Vertex(ZARH)ESZ ol &
(2) Ad8ag Ay z4lo] Y3leE L, B, dE dHstd tiFH oz H8-g W3 (Variation)

(3) Ph¥£9 7IREE o) f, Aol Aste MPoz Wy 2 £A2Y(Faring) & Tt

=
(@) F=de FHE 27 A FAYL @ A dP 4

o] =
-

o

(4) 291X d¥ 227 ¥ Porpoising Stability®} #&vrt=(EHP) ¥ Hdute] 228 F34
371 Y& 71 24 X (Hydrostatics) & d+&1}.

(5) Savitskyol 284S vl® 22 3 Porpoising Stabilitye] o 2 S 3viale AAkso)

(6) Zarnick® Program< o] &3l 733 Fojrel Hutesg Aabsit}

(7) 71234 AFEEG Fddg s =g 59 Muro Lines®t Speed Power Curve ¥
ZHE At Eo BHE a2YZE T Y £ Yok

Z2aP AAd 2X dgd 23 3 Jlne 23 9 vjgs =Yooz
¥ < glov, Rubber Banding 7159 F7t2 34 2 Jde £33 Ao ¥s=gn gle
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Ship)e] C. M. Ramusel ol AF= A3, W. Froude’} 18720 E 2 7)°l(Torquay)$ %
oAlM AP Hxe BRPM Fo vt 224 HPoldnh 21AL 1 AAE B2 RE
He2A st AZE Ha2Z Folde AZFBelAUd. o] e ulgd 270y BASA,
%, '@l A1, T2 AuE A3 JdAT[4]

FE= 719 ojst o] do] glo] 1930d A FE R Fol o= o
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of dF&ol obd uielXE 7l do] Qe A¥S Adstn goh[4])
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2.2 J 1< (Ferguson) =4 29

% qlth.

H&(19649) 2709 Bd Pt Pig 47N BRE Lol He AR5

AaVEE BEA[2]516](7]

el e vlEE A HeZ THE =G,
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Helgt peth 2 AAHA $EFEANE 7 BHES =2
18 AL 42 @k 237) Wl dAl 28 SE

2 FE Aol Aoy,

iAol H48 Aolste w2 Wyel Atk 1 FoA Hads ZFHAZRE 33 wA

FHE 92 F Utk HAaE FANAMLY End 23 Py, P, ), He A9 e =

¢ TEAINE 489 Point Vo, Vi, Vo, Vie denh[21516]7)
a) Vo A HadeE AzRAH, P
b) Vi o AREN gAE wee 1/3 je (Vi+4/3)
o V, EHAAM BHE wWEel 2/3 je (V3—4/3)
d) Vs T AHEY BH, P

Ao WAl 2AE Vo 24 24 gdg7 go] ¥@A

t t
Vo= P, ; V1=(V0+?°); V2=(V3—?1); V,= P,

/l:(’u\)
/e
fo Py
Fig. 2 Construction of a Ferguson Curve Segment
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P, 1 0 0 0 1[V,
s=|P|_| 0 0 0 0l
t, -3 3 0 o0 ||lw|_
MAsoz fol ABE Wae BHAE oW e 2o
) =UCS
= UC(LR)

=U(CL)R= UMR with 0<wu <1,

1 0 0 0 I‘;o

_|1-3 3 0 0 r=| "

where M 3 -6 3 0 v,
-1 3 -3 1 ’ Vs

Bezier(1972)ell 742 o] F A& 3} wix|o] FHAolg} )
¥ & ¥l Polynomial XA o2 vi3H then g
Au) = (UM)R
= Bj(w) Vy + B}(w) V, + B}(w) V, + Bi(w) V,
3
where  By(w) = (1—u)3,
B2 = 3u(l—u)?,
B (w) = 34*(1—w),
Bi(w) =

3
3
,ZOB (%) 2 Berstein Polynomials %+ Bernstein Blending Functionse]2} %o},
Degree ne| 4w o3 e &

B(2) =(n—_"iwu*‘(1—u)"-f

o
fru
FH
82
i
i

Hw) = ’ZZ:OB}'(u) vV, with 0<u<l1



7n0) =

() =V,
H0)=n(V,— V),
AD=n(V,—V,_)

wZlell 42 wAe]l Basis Form& wWEZ 2882 A7) A &4 7l5sy,

Wzl FdEe] F8 AHLE A v e A(Control Verties)E £ JozH ZMel &AL
os ¥

®
TAL F AE 71Fel Utke Rolth EF dx|o] TMHL A wE Ao
o}

Zhg o] AFejd}. o]2)d 438 Convex Hull Propertygl sttt

Fig. 3 Cubic Bezier Curve Examples

24 WA 4 2d E4

D Adee 24L& dz4ge] AREn 83E v=A Egsioof i

2) 9 AA AES AR FA e 2 Wgolm, v HELe B
el ol e o} 2& wafolojor 3o}

3) Foix ZAHA o8] FB WA THL WY 12 2RUS o 2AHE g

X

oy gte] &AL,
4) ¥ BN 13} vRe] % g BAHe| o) AAHE g FFozA AF
ot BHAME n¥l TEGS 7 Be T ABH (e FA ol o3
2REY. o) 4¥e T A M2 vE FHL F3AY o, AZHAN Qe 7
A% 2 wastd o g8y (25617

N



25 WA ol BHZe W&

=2

Fig. 4 Parametric Continuity at the Common Join

u<[0,1]9 F 4 A2UE #9(w) 32w © AU, F ZH AaUES} Y55
7l M e AA JskeEed 24U XA 2 2 (Position Continuity Condition) S v
Zajob ot
(1) = P, = 0)

B, ¢F F IAH ATREAA 35 FEF (P 14 S35 gow
= (D)= t,= 7%0) o1, o] T FHe (! A&olzt G},
ot F Hd HIUECN FE HEH 2% =347 2oy,

7*(1)= »°(0)
olAE 2% dFelga ¥ A EE 2dg ¥EIOY, ¥ 4 AadEE: 2 4
%o

golae] Wxol FH FEzPoz: FEHA 13 =¥+t 2ow T T4

pS4
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SlErIEksel A FHe s HHol 349 FRo YEL WY (Mapping)d o
2 Aoar

AL i WMoz FHASA e pop

Hu,v) = (x(w,v), Wu,v), z2(u, v))
AZIA, wst ve F49 wishdE ot [21(5]6107]

1) Z99 Bauy

a9 259 MAYE miAESF IFE Hw, 0)e GG A 2219 wiAESE 2HAE g
2ol Wejwn,

w(d = [w(Hv(H]T
28, w(He A& 2 Hw(d, v(d)) Aol Fole sy 2AL

wEof it
8) = Hu(t), (D)
= (x(2(t), v(D), y(u(B), v(D), 2(u( D), (D))
29 Hu,0)° AERSS Ten o] Aelstn
r,= 0r/du : Y = 0°7/udv ; ete.
toll Wit (221)2 9] mjEE
v dr _ 9  du  Or  _dv . _
dt — du  dt " dv  dt 7 Ut 7
A Ao = HHd BdHEMED 7, 9 7,& [soparametricT A Y SHE wg
olth. ol Al el HAE HWE y, 7, 7= AW YEE YUS Yol @o)
2) =9 i oy
9HE Heo

| +259 B9 WE 22 A M) =wel g9
g8l 4 wEE W

P e Lao
g 7.9} 7,9] Cross Product® Normalizing 2 2 A

Aoz},
n= (rxr)/rxr,l
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3.2 WX 534 A 24

Fig. 5 Bicubic Bezier Patch

iAol S48 st ez WA HX& FAL = v} Fig. 53 % 4 x4 wjg

o =4

z

42V

AZts] B2} 2] Bernstien Polynomial® 7}2 Control Vertex
€ Blending ¥ 2 24| Bicubic W X|ol] A& ttg3 2ol & $ Aok [215161[7]

3

7(uv=53'_, () B} (v)V;

1=0 s

Il
o

3 3—i___ 3! . .
- IZ Z“' (3~z)'z' (1= @=n! Y(1—-0) Yy

=U MBMTVT

where, U=[1u w*«®] ; V=[1v v*¢*],
1 0 0 0 Voo Voo Vg Vs
M=|—-3 3 00 B=|Yo Vu Vi Vi
3 —6 3 0 0 Va Vo Vi
-1 3 =31 ’ Vi Vo Vi Vi

A Aol M tlEZE AL Hxd] A4 vjlEld2g Ber a8y B ulElAE u)x
o £d HyvELH2g R 99 wAd HAE HA] #Ao] AW Degree m,
ne2 AANE 4 v "oz A8 CAD/CAM Al2"dME m=n=5 U m=n=7< A}&
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Bt m=n=5 Y= Biquintic #iX]e] HNE Bolst=d] 36709 Control Vertex”} ¥ 2
3tk

3.3 WA FAde F&

ol 2¥2 TE AA FA 40,0 =0,02 UFAA, T A A 4y, 0)
# (u,0)& B F1 3tk FF AAIFHE ¢ A y=0 TMoln, TF 77

5
Aol =9 Ao =g+ g 2ok [21[5)6]7]

1

-4

a(v) = 70, v)

b(v) = (0, v)

o(v) = 70, v)= 70, v)

EgF due FF ZAZHY gHE wgelt. adxn a(v)st Hv)e zHzt

r*(u, v)9 #*(u,v) © Cross-Boundary &AM E wlg o]t}

weob % A AL wE d¥eld ¥ Ao wAE Weo] dAdoH, F A=

T

GY(Geometric CHA &gt @}, whef % AAZHE @& % 329 Cross-Bound
ary ©HE #E 7L Collinearel ¥  Collinear G'A4:0lth, o] BAE HH dA£e 7]87)
AL EE Visual dFolHIE 3o gdHE HE o
b(v), ()7} dhdel Fol FYde oudich

p(v) a(v) + g(v) b(v) + H{v) c(v) =0.

AL T Alzty AN Glzold st



4. ¥FAA <5 (Running Attitude)

4.1 Savisky®] FAA <3

1954'd ‘Savitsky’®} ‘Neidinger'®] +#xA1g ZFAZREH dojz Ay HF wyg2g o
&sted, T E W A dis) dAlo] 2AstE ¥ 2 ¥ 4888
e 5 Utk o9 e Savitskyol WY thE WHE Hls AP iE s v
shaby B#8& a7stez, ARgsl7] A Wi A FdAdoMnt Ag stEsig
FrAAE dFe7] A e WA &5Y Mube) Zgste gy 3L mda s
of gt} olo] A thgH 2 AFEC] Ao [21(8]13]

7b) Savitsky ¥ @ AHADE o] & F43
) Vorus %% : 2-D impact/penetration 4
o) USAERO : 48 Z2 302 source/doublet XL o] &3 A ulby

S U FolA Savitsky¥H e g 2 S4L A2 U

Fo1zl EYs g3 AsAd dis] A ddste 3 1 P 2AARTE de
T A ole FEAY ZAZRE QoA AFHL ol&F}
o
71

ol
1%
)

€ sl vs) dFe) i pdd ssted ¥AL 2 Fdh wEA, A
A& 9 AgE GG D A g 5

wetA z7] A AlgEnzt de B Z2aPoME SavitskyRdH e Algdig, =
ol EYa HE FFAZAA A HEe I ZAHES HPL o) wrx EY
o g7 FAZE B EA B AUFozN FFAMNE oE ) [8]

MEEAHQ Savitskyd @S ohg3 Zo

'j{ ;;NBL -
",

Fig. 7 Model of Savitsky
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4714, 1= E¥, ce NI CGZHe A, Ae #HF A+ F-En D

Cr= " c A%+

rlr
O*Nl
ok
it
o
M

C.z £2A%F, ne Qo ol

2) Zero Deadrise Surfaceo] thd 2% oFed A

2.5
Co= z1(0.0.12 %5+ M%Ci—ﬂ-)

Aq71A § AL, 06< Cv<13, 2°<1<15, A<4oA A& 753}
3) Deadrise Surface®] 432

CLﬁ = CL0—0-0065B CLOO'G
o718, Cyrp : Deadrise Surfaceo] that XA, p: M- AAZ, Cr, : Deadrise

Surface 4-%9] 1, A, CvE % %3} Flat Plate? U3 A%

4) Total Drag(D)

D
D = Atanc+ —L
cosT

4714, D= wrebo] B4 o2 A&ss 4 ¥

C,0 V2489
2cos B

Df=

3714, C,: Schoenher ¢& vt& A%, V,: @7 g &5

w2} 4], Planing Surface®] Hydrodynamic Drag(D)

C,o V%4 b2

D = dtanz+ 2cosfBcostT
5) Planing Surface®l g &4( C,)
C, = 0.75— 1
P . C 2
5.21 22” +2.39
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4714, C,9 && TransomolA &8 FA7AA IFF A52o2 UHA Zo] wg A

e] el Hlojtt,

6) Porpoising : Smooth Water 7go| €53t §<H 2= AE Pitchyt HeaveA o
BHEo =39 JEEEAN ZAHEH. Porpoisinge A7t 8 oz HAAr7t Wz =
A FEOER FEAI E£FE oVlEH, & F AR o] 553 oot

¢ Fig. 704 20 A T, Porpoising2 3 3t7] Y& 2 7= EPZE MR AApo] =

¥ ZYde Tzadste A 2o
1) Input Data : Lbp, VCG, A, b, B, V, 1
2) Z2aF gE A &4

(1) =45 A% ( C,)

_ |4
C, _J_gb
(2) ¥HA A+ AAHFor Deadrise Surface)( C1p)
_ 4
CLB o _ZQ VZ b 2

(3) %2 A4 (For Zero Deadrise) AAH C 1, )

Crp = C1,—0.00658 C.,°%® (by using Half Interval method)

(3) N3} CG7Hel A ()AL
c = LCG— C,Ab
(4) Dyt CGTE A(a)
a = VCG—(zb)tanB

(5) Trim 23 (1)

41 l—sinrsgrsl(rr-i-s)] € _fsinrl+ D, a—f) =0
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ofl
o

T,c, Dp7b 9] e 928 o, 58 Hdute 3 A8, g, 9,
Stability7} dA A4tk 9 A2 Half Interval method& A3, D& 317

A ofziel £AEe B T2 aAelM AL

— L1 0.5 55 A 2°
¢ r[0.012 A%+ Cp? (by using Half Interval method)
(1) Ho & A V)

A%5cost

(8) dolz2 g ALHRn)

9) " gBASF AN Cp)

0.242

Ve, < log ( R,x Cp

or C, = 0.463x[ log ,, ( R,) ~2%]

(9) 4 Cy (from ATTC Standard roughness)

(10) o}2 &8 HE A D)

Cro V,220% o V2Ab%( C+ 4C)
2cos B o 2cos B

D/ =

(11) Total Drag #AlI2HD)
D = Adtanr + —DL

COsT

(12) & FA A Cp)

..18_



2
v
/12

+2.39

Al [1—sinz sin(r+¢)) coCsr*f sintl+ D,( a—f)=FE

E=0 o] A s Trim9 A4t @ w9} E ge] Bhgog At
T .o th3 Horizontal Drag Force BE.7FY o] &3t AAk
(16) HavisE A

- LV |4

550 (b - ft/sec) ~ 75 (kg - m/sec)
(17) B vFsE Fd AF F-Z0)( A )AN

b AgY] Bgeo= A4t
(18) =7 Wetted Keel Length : L »)A2t

L,= /leb_*_._bﬂ@

27 tant

(19) Wetted Chine Length(Lc)A A
L.= Asb_ﬂagﬁ_

27 tanr
(20) Aujoll A Draft of Keel A4k
d= L, sinr,

(21) Porpoising Stability 54 9 FFztA4 =3

[T _ p
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Fig. 7-1 Porpoising Limits for Prismatic Planing Hulls

Fig. 7-114 2} dAZAte] @& Trim#te] FF ¢S WA Data L2 AF 3,
V [ Cprg) /2 ol 2712 w9 Trimzgts AA AL ost Porpoising Limit7} &
Trimgt3 e dAnla2 Limit7b S Trimgtel & 29 Porpoisinge 3AHE 7 $0)

o, HA HE 297t Porpoising$ 3HA &¥E A $-olh

+ Porpoising Limits Data (Porpoising_lmit.dat)

18 vV T CLY T2 g 1842 yran
0.13 1.048 2.680 3.400
0.14 1.352 2912 3664
0.15 1672 3.168 3.936
0.16 2.096 3464 4.252
0.17 2400 3.760 4.552
0.18 2.800 4.080 4.944
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0.19 3.328 4.536 5.368
0.20 3.800 4.968 5.800
0.21 4.245 5352 6.152
0.22 4.760 5.752 6.560
023 5360 6.320 7.064
024 5839 6.752 7488
0.25 6480 7.360 8.000
0.26 6.960 7.696 8.480
0.27 7520 8184 8.960
0.28 8032 8640 9400
0.29 8680 9.248 9.960
0.30 9.240 9.680 10496
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51 ¥ 33 F Zarnick 9 €% ¥34

Bl #5t4 Rde FAH " Low-Aspect-Ratio £+ Strip Theory & o] &3},
gl A EFsts AR AABAIGE 7HAE 2% Adutd s FAstE Yok
o] Muto]l ZoJof vlwdted I Wave Slope7t otz 713l & WA Ao
ATEE o83 499 BAE 28Fo=2H AAHIAWY.

3 AdEFolX Hard Chine® 93 HAAAE Za mLoz @Fs

Prismatic Body2 @& 3AA A4 83 48 o] &3t [9]

1) % HAHA(ZF=0)
(1) Surgez A&

Mxc'=T,—D cos@—N sin€ —coeemmme )4
(2) HeaveZ A3t

Mz =W+ Dsing— T,-N cos@ ——— o i)
(3) Pitch2 A%

I6"=Nx,~Dxy+Tx, (3) ---mmmmmmmmmmem e i)
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