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TOM TAT

Thiét ké tuyén hinh theo tau mau la két qua bién déi tham sé hinh dang tau dua trén phuong phép
hiéu chinh dudng cong dién tich sudn ly thuyét Lackenby. Viéc hiéu chinh, bién di dudng cong
dién tich suon ly thuyét thuc chat la bién déi lugng chiém nudc, cac hé s6 béo hinh hoc, va hoanh
d6 tam ndi LCB tir hinh dang tau mau. Trong giai doan thiét ké so bd, tiép can thiét ké tuyén hinh
theo tau méau gilp gidm thiéu téi da cac rdi ro so vdi thiét ké mdi trong khi van gitr uu diém vé dac
tinh thay tinh va thdy dong. Tuy nhién, phuong phap bién déi hinh dang tau Lackenby st dung
ham tuyén tinh hodc bac hai cho d6 dich chuyén cla cac sudn ly thuyét ma chua xét dén chat
lugng hinh dang tau, dac biét la tinh mat lién tuc vé dudng cong tai cac phan doan mdi, l&i va gitia
tau. Do vay, giai thuat d6 hoa may tinh trén co s& ham B-spline dugc nghién clu ap dung, déng
thai moé hinh toadn cho dudng nudc thiét ké dugc xay dung dudi dang dudng cong lién tuc thay
cho cac phan doan B-spline riéng 1&. Trong nghién ctiu nay, mé hinh todn cho dudng nudc thiét ké
clia phuong tién thily container pha song bién dugc xay dung, ddm bao tinh lién tuc va tron trén
toan dudng cong. Két qua danh gia chat luong hinh hoc dugc thé hién qua dé cong clia dudng
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cong tham s6 va céc tinh toan thanh phan sdc can bang tinh toan mé phong sé.
Tu khoa: dudng cong dién tich sudn, B-spline, dudng nudc thiét ké, lién tuc, tron

TONG QUAN PHUONG PHAP XAY
DUNG PUGNG CONG DIEN TiCH
SUGN LY THUYET TU TAU MAU

Thiét ké theo tau mau, trong thuc té, dung nhiing
tuyén hinh tau da c6 tinh nang tét la co sd chon duong
hinh déng. Viéc thiét ké tuyén hinh tau theo phuong
phép chinh stra, bién d6i hinh ding tau mau thudng
dugc ua chudng vi c6 thé gidm thiéu t6i da cac rui
ro so v6i thiét ké méi hoan toan. Tuy nhién, dé thiét
két mot con tau co tinh ning tot, tuyén hinh cua tau
thiét ké dugc diéu chinh dya trén tau mau phai c¢é dac
diém tuong ty, vi thé hinh ddng than tau dugc chinh
stia can giti dugc nhiing uu diém vé dic tinh thuy tinh
va dong luc hoc cta tau mau. Tuy nhién, cic thong s6
hinh hoc va lugng chiém nudc ctia tau thiét ké sé khac
so v6i tdu mau, vi thé cdn phai ¢ mot gidi phap phu
hop dé thay déi, chinh stia tuyén hinh theo yéu ciu
thiét k€ ma van gitt nguyén dugc nhiing tinh ning
vugt trdi ctia tdu mau. Trong thuc té, ky su thiét ké
tau thudng bat dau tit viéc phdc thao hinh dang cic
mat cit ngang, sau d6 phat trién thanh ban vé tuyén
hinh hoan chinh sau khi tich hgp hé théng mat cit
duong nudc va mat cit doc. Chét lugng tuyén hinh
tau phu thudc vao hinh dang tiét dién mit cit ngang
thong qua duong cong dién tich suon (Hinh 1).
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Hinh 1: Budng cong dién tich sudn Iy thuyét (SAC)

Mot cach don gidn, hiéu chinh thiét ké la qua trinh
dich chuyén khoang sudn ly thuyét theo chiéu dai
tau cho phu hgp v6i dudng cong dién tich sudn mdi.
Thuc t&€ cong viéc 1a hiéu chinh khoang suon ti mii
dén 14i tu tuong ing véi su chénh 1éch hé s6 béo ling
tru tuong ung. Phuong phéap 1 - Cp dugc dp dung
hiéu qua va thuén tién, theo d6 phan thin 6ng dugc
thém vao hodc b6t di mot cach phi hgp sao cho van
dam bao do day din khu vic mui va ldi tau va sy chénh
léch Cp + 6Cp. Tuy nhién, han ché ctia phuong phép
1 - Cp 1a chiéu dai doan than 6ng khu vuc gitia tau
khong thé thay d6i doc 1ap v6i hé s6 ling tru trong
khi déay la cch thiét k€ theo mau hiéu qua va phd

Trich dan bai bao nay: Hoa N T N, Bich V N, Hién L T. Giai thuat NURBS cho dudng nudc thiét ké dua
trén bién ddi dudng cong dién tich sudn tau. Sci. Tech. Dev. J. - Eng. Tech.; 3(SI2):S137-S146.
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bién hién nay. Lackenby (1950) d€ xudt phuong phap
khéc phuc sy phu thudc céc thong sd Cp, chiéu dai
doan than 6ng phia trudc Lpf & doan than 6ng phia
sau Lpa!. Tuy nhién, phuong phap Lackenby chi diéu
chinh cdc hé s6 thong s6 kich thudc co ban tau trén
cdc mit cét suon theo co s6 todn hoc ma chua xét dén
chit lugng hinh déng tau, dic biét la hé thong duong
nuéc tuyén hinh tau?. Cung véi sy phét trién ctia cic
giai thuit d6 hoa mdy tinh, x4y dung tuyén hinh véi
su hé trg ctia may tinh dugc Gunter d€ xudt thong qua
kéthop cac doan B-splines trong dudng cong dién tich
suon va dudng nudc thiét ké (Hinh 2). Do vay, tinh
lién tuc gitia cac doan B-splines can phai dugc hiéu
chinh va xem xét trong c4c nghién ctiu lién quan 3. Bai
bao nay nghién ctu giai thuat dong nhat uniform B-
splines, dong thoi x4y dung dudng cong lién tuc thay
cho cic phan doan B-spline trong duong cong dién
tich suon SAC.

Hinh 2: Budng cong SAC dua trén cdc phan doan
B-spline

NGHIEN CUU MO HINH TOAN VA

PHUONG PHAP HIEU CHiNH TRON
PUONG CONG SUON LY THUYET

Téng quan vé thiét ké tuyén hinh véi su hé
trg clia cac giai thuat may tinh (CAD)

Ném 1960, Ferguson da cong b6 phuong phap mo ta
dudng cong va bé mat tham s6 thong qua céc diém
bat dau, két thic dudng cong va cac vector tiép tuyén
tuong ting. Hinh 3, 4 va 5 thé hién viéc mo6 ta tham
s6 dudng cong theo mo hinh todn nay kho kiém sodt
nhung dan trg thanh phép todn tiéu chudn cho mo
hinh duéng cong. Vin dé kiém soat chit lugng duong
cong dugc khic phuc khi Bezier dua ra khdi niém
diém kiém soat (vertices).

Sau do, Gordon va Riesenfeld 14n dau tién gidi thiéu
B-spline thay cho Bezier nhim cai thién kiém soat cuc
bd chit lugng dudng cong. Hién nay, giai thuit Non-
uniform B-spline (NURBS) dugc ding phd bién trong
thiét ké tuyén hinh tau c6 sy hd trg cia mdy tinh 4 Vin
dé mat lién tuc trong viéc két noi cac phan doan B-
spline vao dudng cong tuyén hinh tau (Hinh 6).
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Hinh 3: Budng cong theo gidi thuat Ferguson
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Hinh 5: Budng cong theo gidi thuat B-spline

M3 hinh toan duéng tham s6 NURBS trong
xay dung dudng cong dién tich suon va
duong nudc thiét ké

Ham NURBS, viét tit ti non-uniform rational B-
spline, trong nghién ctiu nay, cic tinh toan lién quan
dén trong s6 cia ham NURBS dugc ldy gia tri la 1
trong cac phdn mém do6 hoa may tinh chuyén dung.
Nhu véy, gidi thuit dudng cong trong bai bdo nay
dugc don gian hoéa thanh uniform B-spline dya trén
o s6 gidi thuat NURBS vd6i cac gia thuyét vé trong s&
va véc to knot 13 hing s6 nhu trinh bay.

P(1) =X "BiNiy(1); 2<k<n+1 (1)

trong d6 B; la cac vecto vi trictian + 1 diém diéu khién
va N; 4 la cac ham co s B-spline.
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Lién tuc bac 2" (theo hudéng va dé Iém ban kinh cong)

Hinh 6: Banh gia tinh lién tuc cta cadc phan doan B-spline

Dit xi (i = 1-m, 2-m, ..., n + m) la cdc knot ctia B-
spline, n 1a s6 lugng knot nam trong khoéang [0,1] va
m la thé ty (d6 + 1) ctia ham co s& Ni, k (t). D6i véi
ham co s& B-spline thi i ctia bac k (d¢ k-1), ham co
s& Ni, k dugc xac dinh boi cac cong thiic ¢ quy Cox-
deBoor.

Now— L <t <xi1)
Lk 0 (otherwise)
va
Nix=
(t—=xi) Nig—1(t) N (Xipk — 1) Nig1 k-1 (2) )
Xipk—1 —Xi Xitk = Xi+1

Trong bai todn thiét ké tau, sau khi bién d6i Lackenby,
mod hinh toan dugc x4y dung tit dudng cong dién tich
sudn®. Theo dé, cac gia tri tri s& tuyén hinh dau vao
trén suon ly thuyét dugc luu trii trong ma tran [D],
ham co s [N] dugc thiét 1ap thong qua (2).

[D] = [N][B] 3)
Véi

[D]T = [Dl (tl)uDZ (t2)7'“1Dj (tj)]
Dy (11) = Ny 4 (11) By +Nog (1) Ba+ ...+ Nig (11) Bi

D) (t2) =Nk (12) Bi +Naj (12) By + ...+ Ni g (12) Bi

D (tj) =Ny (tj) Bi+Nag (t;) Bo+...+ Ny (tj) Bi
[B]" = [B1,B,,...,B|]
Nik Nig (t1)
M= |
Ny A,k.(’j) Ni,k.(lj)

trong d6 B 1a cac vectd vi tri ctian + 1 diém diéu khién
va N; ¢ la cic ham co s& B-spline, D la vecto toa do
(x,y) ctua dudng cong NURBS.

Véi vector [D] dugc 14y ti bang tri s6 tuyén hinh,
thong qua nghich ddo va dao ham cac ham co s¢ B-
spline, cic diém diéu khién B-spline ctia vector [B]
dugc tinh todn phuc vu cong tac danh gia do cong
(Hinh 7 va 8).

[B] = V]~ D] S
Tinh lién tuc trong giai thuat duong cong
Do cong cua dudng cong tham s6 1a mot dai lugng

hinh hoc danh gid t6c d¢ thay d6i ctia vectd ti€p tuyén
don vi ctia dudng cong, né thudng dugc st dung
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Vector tri s6 tuyén hinh, [D]

Hinh 8: Xay dung tap diém diéu khién [B] tir trj s6 tuyén hinh

Hinh 7: M6 ta tinh lién tuc ciia dudng cong theo giai
thuat non-uniform B-spline

Hinh 9: Chiéu dai dudng cong trong doan [a,b]

dé mo ta d¢ phiic tap ctia dudng cong®. Mot trong
nhiing dai lugng hinh hoc quan trong nhét ctia do
cong chinh la ban kinh cong (Hinh 9).

Theo Hinh 10, d6 cong ctia dudng cong tham s6 P(t)
dugc tinh theo cong thiic clia Banchoff”.

_ P @ x 0]

= o

(4)

trong d6 x(t) 1a do cong ctia dudng cong tham s6 tai
vi tri tham s6 t, r’(t) va r”(t) 1a dao ham bac nhat va

bac hai ctia duong cong tai vi tri tham s6 t. Hinh 10: Danh gia do cong theo tham sé t

KET QUA VA THAO LUAN
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Xay dung co sé dif liéu dau vao

Trong nghién cttu nay, ching t6i st dung mau tau
container pha soéng bién 128 TEU. Pham vi thong s6
chinh cta tap di liéu nay thé hién qua bang bén dudi,
cac thong s6 ky thuat khac dugc mo ta theo Hinh 11,
12 va 13, Bang 1 va 2 va tai liéu tham khao®.

Két qua tinh toan mé phéng mit cat dudng
nuéc thiét ké

Sau khi tién hanh cai thién stic can tau thiét ké thong
qua phuong phép bién d6i Lackenby, trong nghién
cliu nay, gidi thuat uniform B-spline dugc dp dung
dé€ x4y dung mit dudng nudc ctia mau tau thiét ké
(Hinh 14).

Dua vao Hinh 15 va 16 va Bang 3, thanh phén lyc can
tiép tuyén trén mat cat dudng nudc thiét ké chénh léch
khong dang ké trude va sau qua trinh lam tron bing
gidi thudt uniform B-spline, xdp xi 2.2%. Tuy nhién
thanh phan stic can phap tuyén lai gidm rat 16n sau
qué trinh 1am tron bang cdc ham co s6, xdp xi 89%.
Viéc nay thé hién qua trudng ap suit tuong ddi déu
sau qua trinh lam tron tuyén hinh & Hinh 15. Nghién
ctiu nay tip trung xay dung thuat todn dudng cong
uniform B-spline duy nhét trén co s6 NURBS thay cho
tap hop cdc dudng B-spline gidn doan. Uu diém cta
gidi thuét la xay dung duong cong lién tuc dya trén
tri s tuyén hinh tau va nghich déo cac ham co s&
NURBS, khong qua cac budc gidi 1ap. Pham vi tinh
toan mo phong & dang 2D, cu thé la dudng nudce thiét
ké, nham dua ra dénh gia chit lugng hinh hoc tuyén
hinh tau trong giai doan thiét ké so bo.

KET LUAN

V6i cac két qua nghién ctiu trong dé tai nay, duong
cong uniform B-spline duy nhat dugc dé xuit thay cho
tap hop cac duong B-spline gian doan hoan toan phu
hgp, két qua trudc va sau qué trinh lam tron khong
lam thay déi hinh déng tau thiét ké, va c6 cai thién vé
mdt stic can phap tuyén. Trén thuc té do gidi quyét
bai todn hoan toan dya trén mo hinh todn 2D, nén
cac danh gid vé stic can toan tau chua thé hién bic
tranh t6ng thé. Tai gid tri vin t6c thip, viéc anh hudng
tit 1am tron tuyén hinh khong dang ké do su néi troi

cta thanh phan lyc can tiép tuyén. Tuy nhién, tai gia
tri van téc cao, anh hudng cta thanh phan lyc can
phép tuyén c6 thé ting dan, anh hudng chit lugng
hinh hoc tuyén hinh tau sé trd nén cuc ky quan trong.
Céac huéng nghién ctiu tiép theo sé dugc nhém tac gia
tién hanh trién khai lam rd thong qua cic giai thuét
NURBS cho mit cong, va trién khai tiép cic tinh toan
mo6 phong s6 3D. Trong pham vi bai bdo nay, 4p dung
v6i mau tau can thiét ké, giai thuét uniform - Bspline
budc dau gitp xay dung nhanh tuyén hinh véi két qua
pht hop.

LO1 CAM ON

Nghién ctiu nay dugc tai trg béi Pai hoc Qudc gia
Thanh phé H6 Chi Minh (PHQG - HCM) trong
khuon khé dé tai ma s6 C2018-20-06.

XUNG DOT LO1iCH

Nhoém téc gia xdc nhén khong c6 xung dot 1gi ich lién
quan dén cong trinh nghién ctu.

PONG GOP CUA CAC TACGIA

Nhoém tac gia thuc hién nghién ctiu dya trén viéc phin
tich dit liéu va tinh todn m6 phong s6. Céac thanh vién
déu c6 déng g6p nhu nhau trong nghién ctiu nay.
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Hinh 11: M6 hinh héa hinh dang tau container 128 TEU pha SB

Bang 1: Théng S& Tau Mau

Lugng chiém nudc A 3070 tin

Thé tich chiém nudc \% 2995 m?

Chiéu dai IL 71.2 m

Chiéu chim d 3.9 m

Chiéu rong B 12.875 m

Hé s6 béo lang tru Cp 0.905

Hé s6 béo thé tich Cg 0.837

Hé s6 béo gitia tau Cu 0.966

Hé s6 béo dudng nudc Cwp 0.932

LCB (tu lai tau) LCBs 34.091 m
Bang 2: Théng S& Suic Can Tau Thiét K& So Véi Tau Mau

Tau mau Dé xuit Hiéu chinh [%]

\Y 3048 3005.5 m? -14

Cp 0.866 0.860 -0.7

Cp 0.837 0.826 -1.3

Cu 0.967 0.960 -0.7

LCBns -0.013 -1.2 % -1.187

Ry 50.135 47.236 kN -5.8

R, 28.466 22.104 kN 223
Bang 3: Thanh Phan Luc Can Trong Mit Phing Puong Nuéc Thiét K&

Thanh phén stic can Pon vi Truge lam tron Sau lam tron Chénh léch [%]

Luc can toan bo N 44352 45352 +2.2 %

Luc can theo ti€p tuyén N 44351 45351 +2.2 %

Luc can phap tuyén N 252 26.4 -89 %
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0 o 10 20

30 40 50 &0 70 &0
Station Position m

Area = 9,310 m*2 Station Position = 0.000 m

Station Position m

Area = 12,236 m*2 Station Posifion = 0,000 m

Hinh 12: Budng cong SAC trudc va sau khi dung Lackenby diéu chinh lugng chiém nuéc
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Thiét ké ban dau
""""" Sau hiéu chinh Lackenby

Hinh 13: Mat cdt ngang sudn ly thuyét ctia tau container 128 TEU pha SB trudc va sau khi diéu chinh lugng chiém
nudc

D6 tron duong nuéc thiét ké st dung 1 duwong cong NURBS -

D6 trom duromg nudc thidt ké st dung tép hop dwong cong B-spline & NURBS néi tidép nhau

Hinh 14: Danh gia tinh lién tuc va d6 cong dudng nudc thiét ké st dung st dung 1 dudng cong uniform B-spline
va ho dudng cong B-spline
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D6 tron duong nude thiét ké sir dung 1 dudng cong NURBS

118006 61 Heration= 8!
1IET4ET
RELETFRES
wms0t0re
10887884
10434650
10301486
a0
orIs10r
95019.13

Fressure [Fal

CutPiot 1: conlows.

D6 tron dudng nudc thiét ké str dung tap hop B-spline & NURBS ndi tiép nhau

Hinh 15: Danh gia trudng ap suat trén dudng nudc thiét ké

D6 tron dudng nude thiét ké st dung 1 duong cong NURBS

6.245
5.551
4857
4164
3.470
2776
2.082
1.388
0694
0
‘elocity [m/s]

Cut Plot 1: contol

\|

L

D6 tron dudng nudc thiét ké str dung tap hop B-spline & NURBS néi tiép nhau

Hinh 16: Danh gia trudng van téc trén dudng nudc thiét ké
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Nurbs modeling for design waterline based on the variation of
sectional area curve

Nguyen Thi Ngoc Hoa', Vu Ngoc Bich', Tat-Hien Le?3"*

e o
ABSTRACT
Hull form design from parent ships transforms the ship's parameters based on the variation of the-
: : oretical sectional area curve of the Lackenby method. The correction and modification of the the-
Use your smartphone to scan this oretical sectional area curve is essentially the change of ship displacement, hull form coefficients,
QR code and download this article and the longitudinal center of buoyancy from the parent ships. In the preliminary design stage,

the hull form design approach from parent ships minimizes the risks compared to the new design
while still retaining hydrostatic and hydrodynamics' advantages. However, the Lackenby method
of ship hull form variation uses a linear or quadratic function to shift the sectional area curves, re-
gardless of the ship's hull form faring, especially the curvature's discontinuity the bow, stern, and
midship. Therefore, the computer graphic algorithm based on the B-spline function is studied and
applied; simultaneously, the mathematical model for the designed waterline is built in the form of
a continuous curve instead of the B-spline segments. In this study, the mathematical model for the
coastal container ship's design water line is constructed, ensuring continuity and fairing throughout
the continuous B-spline curve. The geometry continuity evaluation results are expressed through
the parameter curve's curvature and resistance component calculations' performance by compu-
tational analysis.

'Ho Chi Minh City University of Key words: sectional area curve, B-spline, designed waterline, continuity, fairing
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