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T6m tat: Bai béo trinh bay cong cu bién doi thong so hinh dang tau dura trén tuyén hinh
tau mau theo phwong phdp Lackenby. Qua dd, trong giai dogn thiét ké so bg, tau dugc thiét
ké sé thira huong nhitng tinh ndng tot tir tau mdau ciing nhu théa man thong s6 hinh dang theo
nhiém vu thw. Thudt todn dwoc xay dung trén nén MATLAB va hudng dén viéc hé tro cong
tac tw dong hoa thiét ké. Trong bai bao nay, két qua bién doi hinh dang dwoc minh hoa théng
qua dwong cong dién tich swon cia mau tau chg hang va container.

Tir khoa: Lackenby, thiét ké so' bg, bién doi thong sé hinh dang, dwong cong dién tich
suwon.

Chi sé phan loai: 2.1

Abstract: The paper presents a tool for parametric hull form variation based on a parent
ship using Lackenby. Thereby, in the preliminary design stage, the vessel is designed to
inherit good features from the parent ship as well as satisfy the parameters according to the
design requirement. The algorithm is built on MATLAB platform and aims to support the
automatic design work. In this paper, the results of ship variation are illustrated through the

sectional area curve of the cargo ship and container ship.
Keywords: Lackenby, preliminary design stage, parametric hull form variation, sectional

area curve.

Classification number: 2.1

1. Giéi thigu

Hién nay, trong giai doan thiét ké so b,
thiét ké tuyén hinh (hinh dang) cua tau, anh
huong truc tiép toi todn bo cac tinh toan thiét
ké sau nay va lién quan dén cac tinh ning
hang hai cta phuong tién thay. Hién nay co
hai cach tiép can dé thiét ké tuyén hinh tau la
thiét ké mai va thiét ké theo mau.

Thiét ké mai tuyén hinh 1a mét cong viéc
doi hoi thoi gian, yéu cau nguoi thiét ké phai
c6 kién thuc va kinh nghiém toan dién trong
cong tac thiét ké tau. Ngoai ra, tuyén hinh tau
méi khong c6 céc két qua thir nghiém va thuc
té vé cac tinh ning hang hai nhu 6n dinh tau,
dong luc hoc tau sé khong dam bao do tin
cay cho nguoi thiét ké va chu tau [1]. Thiét
ké theo tau mau, trong thuc té, dung nhiing
tuyén hinh tau di co tinh ning t6t 1a co so
chon duong hinh déang. Viéc thiét ké tuyén
hinh tau theo phuwong phap chinh sura, bién
d6i hinh dang tau mau thuong duoc wa
chuong vi ¢d thé giam thiéu t6i da cac rai ro

S0 Vi thiét ké moi hoan toan. Tuy nhién, dé
thiét két mot con tau cé tinh nang tot, tuyén
hinh cua tau thiét ké duoc diéu chinh dya
trén tau mau phai co dic diém twong ty, Vi
thé hinh dang than tau dugc chinh sira can
gilr nhitng uu diém vé dac tinh thay tinh va
dong luc hoc cua tau mau. Tuy nhién, céc
thong sé hinh hoc va lugng chiém nuéc cua
tau thiét ké s& khac so véi tau mau, vi thé can
phai c6 mot giai phap phu hop dé thay doi,
chinh stra tuyén hinh theo yéu cau thiét ké
ma van giit nguyén dugc nhing tinh ning
vuot troi cua tau mau [2].

Mot cach don gian, hiéu chinh thiét ké 1a
qua trinh dich chuyén khoang suon 1y thuyét
theo chiéu dai tau cho phu hop véi dudng
cong dién tich suon mdi. Thuc té cong viéc
Ia hiéu chinh khoang sudn tir miii dén l4i tau
tuong ung voi sy chénh 1éch hé s béo ling
tru twong Ung. Phuong phap 1-Cp dugc ap
dung hiéu qua va thudn tién, theo d6 phan
than 6ng duoc thém vao hodc bét di mot cach
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pht hop sao cho van dam bao d6 day din khu
vuc mui va lai tau va sy chénh léch Cp +
5Cp. Tuy vay, han ché cua 1-Cp 1a chiéu dai
doan than 6ng khu vuc giita tau khong thé
thay d6i doc 1ap voi hé sb lang tru trong khi
day 1a cach thiét ké theo mau hiéu qua va phd
bién hién nay.

Thuec tién néu trén cho thiy rang chiéu dai
phan than dng doan trudc va sau suon giita
tau Lpf VA Lpa cAn cho phép hiéu chinh doc
1ap véi hé $6 lang tru Cp, nham thay ddi
luong chiém nudc V so voi tau mau.
Lackenby (1950) d xudt phuong phap khic
phuc su phu thudc céc thong sb Cp, chiéu dai
doan than éng phia trudc Lyt va doan than
6ng phia sau Lpa trong viéc bién dbi hinh
dang tau thiét ké so voi tau miu. Vi su phat
trién manh mé& caa may tinh dién tir va cac
cong cu lap trinh ty dong, tac gia xay dung
giai thuat tinh toan cac bién sd hiéu chinh
doc 1ap gdbm Cp, Lpf va Lpa cho mau thiét ké
tau hang va tau container dya trén phuong
phap Lackenby. Két qua tinh toan thé hién
qua viéc tu dong hda khai tao duong cong
dién tich suon tau thiét ké thoa man céc yéu
cau dat ra va dua ra phan b6 suon Iy thuyét
phu hop. Cac bién sé va gia tri tinh toan lién
quan trong giai thuat nhu Cp, Lpr va Lpa, 7,
hoanh dd tdm ndi LCB s& 1a du vao phuc vu
bai toan t6i wu thiét ké sau nay.

TAU MAU

TAU THIET KE

jﬁ S \l\\ J_

Hinh 1. Kéo dai doan than éng tir tau mau.
2. Xay dwng dwong cong dién tich
swon (dwong cong SAC)

2.1. Vai tro dwong cong SAC

Giai doan dau tién trong thiét ké so bo la
thiet ke duong cong dién tich suon. Trong
thuc te, ky su thiét ké tau thuong bat dau tir
viéc phac thao hinh dang cac mat cat ngang
(hinh 2), sau d6 phat trién thanh ban veé tuyen
hinh hoan chinh sau khi tich hop hé thong
mat cat duong nudc va mat cat doc.q Chat
luong hé thong cac mat cat ngang thé hién
qua duong cong dién tich suon SAC. Buong

cong SAC con hd trg danh gia luong chiém
nudc va toa d tdm ndi toan tau, qua doé so bod
thé hién dugc tinh nang hang hai toan tau.

Hinh 2. Mdt cat ngang swon 1y thuyét.

Vé mit ly thuyét, dua vao dudng cong
SAC c6 thé danh gia so bo chat luong, do
tron hinh dang phan hong, miii va l4i cua tau.
Cac thay d6i dé dam bao tinh nang tau co thé
dugc diéu chinh tir dwdng cong SAC toan tau

(hinh 3).

bueng cong
dién tich swérn

o 1LcB

J
S

Alx) ©LCB

Hinh 3. Puong cong SAC thé hi¢n
hinh dang tau thiéet ke.

Theo trinh tw, cdc mat cit dudng cong
dién tich suon cua tirng khu vuc mii, 1ai va
gitta tau duwoc phac thao dudi dang hinh
thang co ban. Ty I dién tich hinh thang so
vé6i hinh chir nhat c6 chiéu cao Am twong ttng
véi hé sb lang tru Cp. Chiéu dai cua khu vuc
hinh thang la Lpp. Dién tich suon gitra Am =
B x d x Cwm dai dién cho chiéu cao cua hinh
thang. Puong cong dién tich suon phai thé
hién dugc lwong chiém nudc va toa do tam
ndi (hinh 4).

A, —»
le—— Bd ——

(a) C6 dogn than ong
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(b) Khong c6 doan than dng
Hinh 4. Dang dirong cong SAC tiéu biéu.

Dbi véi tau khong co doan than bng,
hinh thang thiét ké tro thanh hinh tam giac
(hinh 4b). Piéu nay thuong c6 & céc tau co
hé sé Froude 16n hon 0,3. Dinh cua tam giac
phai cao hon dién tich phan giira hinh V&.
Céc tiéu chi cua vi tri tam noi va hé sé béo
lang tru Cp mong mudn duoc st dung dé
hinh thanh céc hé sé béo riéng biét cho phan
truéc va phan sau than tau. Thiét ké cac
duong cong dién tich suon dugc uvu tién hon
phuong phap st dung cac cong thirc toan hoc
don gian, vi cac duong cong dién tich suon
duoc thuc hién tir céc thiét ké thuong dap
ng tét hon véi tuyén hinh tau va hoan thién
toan bo qua trinh thiét ké. Khi duong cong
dién tich c6 su hiéu chinh, luong chiém nuéc
va toa do tdm noi phai ludn dugc kiém tra va
ddi chiéu.

Vé nguyén tic, dién tich duong cong
SAC chinh Ia thé tich chiém nuéc toan tau,
voi A(X) la dién tich cac duong suon ly
thuyét.

v = [A(X)dx (1)

Hé sb béo thé tich Cg duoc tinh toan
theo duong cong dién tich suon SAC:

}A(X)dx

CB= —
LBd LBd

Vi tri trong tdm cua phan dién tich dudi
duong cong chinh 1a hoanh d6 tdm ndi LCB
cua tau. LCB duogc tinh toan theo duong cong
dién tich swon SAC:

(2)

j XA(X)dx
LCB=2—— (3)

j A(X)dx

Ti Ié caia phan dién tich dudi duong cong
vai dién tich hinh phfx nhat bao quanh duong
cong chinh la hé so6 béo lang tru cua tau (Cp).

A Area, i curve
LA, Area..nge (4)
buong cong SAC va cac tham s6 lién
quan dugc thé hién trén hinh 5.

After Body

Run Parallel Middle Body

C, =

Fore Body

Entrance

Volume (&) |

Centroid (LCB) @

f—b—d———p—i—1 1T

Ieb | = =

‘1) 10 20
AP Section No. m AP

Hinh 5. Buong cong SAC va c4c tham sé hinh
dang lién quan.
2.2. Tinh toan thong sé co ban caa
dwdng cong SAC tir tich phan sé Simpson

Puong cong dién tich swon SAC 1a do
thi dién tich cac mit cit ngang toi duong
nudc thiét ké, doc theo chiéu dai tau. Puong
cong nay thé hién su phan b thé tich chiém
nuéc theo chiéu dai tau. Thay vi thuc hién
cac phuong phap tich phan bang giai tich cho
bai toan tinh toan céc théng sb co ban, 6 thé
tinh gan dtng bang cic phuong phép tich
phan sb gan dung, rat thuan loi cho viéc tich
hop vao giai thuat va cac chuong tinh tinh
todn ty dong hoa trong nghién cuu.

Phuong phap Simpson dugc mo ta la
cach tich phan x4p xi cho phan dién tich dudi
duong cong SAC. Nguyén tic Simpson duoc
phét trién tir dudong cong parapol bac hai co
dang y = ax? + bx + ¢ nén dam bao tinh cong
lién tyc so vai xap xi tuyén tinh nhu phuong
phép hinh thang. Trong nghién cuau nay, tac
gia xay dung giai thuat Simpson dé tinh toan
c4c théng s6 co ban vé luong chiém nudc 4
va hoanh d¢ tdm néi LCB cua tau.

Hinh 8. Tich phan xdp xi Simpson todn tau cho dwong
cong SAC.
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Trong truong hop xem xét tich phan hiru
han duong cong SAC tu lai dén mii tau s&
bao gom tong cac mién dién tich nho.

2d
A—-3(?+2n+vz—m@+ A2y, + :)(9)

Trong do:

- A: Dién tich suon (mm?);

- d: Khoang cach hai duong nudc;

- y: ¥ chiéu rong tuong tng Véi céc
duong nudc (mm).

3. Bién ddi tham sé hinh dang tau &ng
dung phwong phap Lackenby

3.1. Tong quan vé phuong phép higu
chinh tuyen hinh tau

Chét lugng hinh déng toan tau phu thudc
vao bién dang va dién tich cua cac mat cat
ngang. Doi véi thiet ke hinh dang tuyen hinh
tau dya trén tau mau, cac thdng so co ban
nhu Cp va LCB dugc thay doi theo thong so
tau thict ke bang cach dieu chinh vi tri cac
suon theo chiéu dai tau dé dat dugc duwong
cong dién tich suon mai (hinh 9).

Tau miu Tau thiét ké

. A
B' | Tmmee_ C
e
n B S,
~.q D
x> B
A .
|
@ ]
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T
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() Khéi o dudmg cong dign tich swém méi cho thu thiét ké
5x b
Bx c A
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/
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,
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\\ /
y
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T *
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{b) Sir thay ddi cia 8x theo chidu doc tau
Hinh 9. Khai tao dwong cong dién tich suon méi cho
tau thiét ké.
Viéc diéu chinh céc thong sé co ban nhu
Cp, LCB thong qua duong cong SAC la
phuong an hiéu qua va pho bién nhat trong
giai doan thiét ke so b, hinh 10 [3]:
e Thay d6i Cp

n_1-Cp

b 1-Cp
e Thay d6i LCB

(10)

BB'(%L) .

6x(%L) = ——~ 3
y (11)

Tau thiét ké

(a) Thay dol Cp

< .. Tau thidt ké
R P

S e .

/ Taumdy -~

(b) Thay d6i LCB
Hinh 10. Phuwong phdp hiéu chinh 1 - Cp.

Phuong phéap 1 — Cp twong dbi don gian
va thuan lgi trong moét vai truong hop. Tuy
nhién, trong thuc té viéc kiém soat doan than
dng cua cac tau mau la nhuoc diém cua
phuong phép nay.

Dé khic phuc cac nhugc diém trén,
phuong phap Lackenby kiém soat LCB thdng
qua chiéu dai phan than dng trudc Let, chiéu
dai phan than dng sau Lpa thong qua gia tri
&p, JLCB, é]_pf va a_pa. Tu do6 xac d1nh Su
dich chuyén &ra theo chiéu dai tau cua mdi
mat cat suon [4], [5].

3.2. Xay dwng giai thuét tinh todn

Mo hinh tinh toan duoc thiét 1ap trén co
SO quy trinh tinh toan nhu hinh 11, c&c thong
s6 hinh hoc trong giai thuat dugc mo ta trén
hinh 12 [6].
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QUY TRINH SUDUNG
PHUGNG PHAP LACKENBY

| Nbip v i v i tch cie |
| { - suim Iy thuyet thu may |

| . . . |

| { Nhip hegng d chénh lgch homg |

of . ., - [

e/ chiém nute, vitrtrong Gm, |
I " N ”

| | chieu dii thin ong cla tiu thiet | |

[ : N
Pl Kediiviitwmin |

Xéc dinh cic tham 0 diu

3, BLCB. 3L 6L

vii0 ciia b todn Lackenby

Kiém tra gici

han thay doi

Sir dyng phurmg phip

CpLOB Ly L,

(Gl e

Limit 8C._, Limit 3C,

Phuomg
phip
Simpson

| Lackenby xdc dinh o dich
chuyén sutm thich hgp

b, B | [

Hinh 11. Quy trinh bién d6i hinh dang tau véi
sy ho tro cua Lackenby.

- L?“.a e l‘l'Plrn
. Chy,
U F .
Ry \ . \‘\
X \ \‘\\_ 8%
LCB 5LCB [ Cota N
- - = ¥ N
" %a N \
: N
Tau miu Tau thiét ké

Hinh 12. Cai théng s¢ hinh hoc trong gidi thudt.
Cha:
trudc hoic sau cua tau mau;
5C; ,: DO thay doi h¢ so béo lang try
theo yéu cau thiét ké cua phan trude hodc sau
tau;
Lpf,a :
middle body) cia phan trudc hoac sau tau;

Hé sb béo lang tru cua phan

Chiéu dai doan than éng (parallel

OLy ,: DY thay doi chiéu dai doan than
dng cua tau;

h; ,: Khoang céch cua trong tim 6C,; ,
tur gitra tau;

LCB: Khoang c4ch tdm ndi cia tau theo
chiéu doc xét tir gitra tau;

SLCB: P thay doi khoang cach tdm noi
cua tau thiét ke.

Cong thuc tinh d6 dich chuyén theo chiéu doc tau tai mat cat ngang dang xét [7], [8]:

ox;,=(1=x, 1

Trong do:

oL, X;,—L 1-0C
f ,.a f.a Pf,a Pf,a
+ (0Cp , — 0L, ,.——)} 12
1-L,, A, & 7o1-6L, , (12)
Af,a = Pf,a(l_zyf,a)_LPf,a(l_CPf,a) (13)
Gy of2X;, =3k, 0 — Ly (12X, )}
f.a = A (14)
f.a
f.a
kf,a = (15)
f.a

I, .- M6 men quan tinh cua mét phang (second moment) déi véi gira tau thé hién dudi
dang mét phan cua chiéu dai phéan truéc hoic sau tau;

S; .- Dién tich phan truéc hogc sau tau.

Giatri 0C,, , dugc tinh theo cong thuc:



32

Journal of Transportation Science and Technology, Vol 31, Feb 2019

_ 2{8C, (B, +LCB)+8LCB(C, +6C,)}+C, Ly —C, 6L,

5Cy, = (16)
3 B, +B,
sc. _ AOCo(B; ~LCB)—5LCB(C, +5C,)}-C; SLy +C, 0L, an
Pf —
B; +B,
Trong do:
Bf a (1_ CPf ,a) - CPf ,a'(l_ 27]‘ ,a)
f.a 1- L (18)
~ pPfa
Phuong phép thay dbi Lackenby c6 Bdng 1. Thong so mau tau hang.
nhirng wu diém sau: THONG SO MAU TAU
-Két hop uwu diém tir phuong phap 1 -
Cp va phuong phap Swinging; Luwong chiém nuéc A 2669 | tan
-Phan doan than ong song song cO thé | Thé tich chiém nwéc Vv 2604 | m°
dieu chinh; Chiéu dai L 67.145 | m
-Khi ox ti 1€ v6i X(1-x), phuong phdp [ Chiéu chim d 427 | m
nay co thé Qu’qc ap dung gho bat ki vi tri mat  Chidu rong B 11.025 | m
cat ngar)g ne‘o C,ua tgyen hinh; N 5. Hé 50 béo ling tru Ce 0.846
-Co thé xac dinh dugc nhiing thay doi He 58 béo the tich Ca 0825
can thiét vé hé so béo lang tru ctia phan than S T
. \ P A Z He so béo giira tau Cwm 0.996
trudC va phan than sau dé dat dugc su thay H; b0 dut
dbi mong mudn vé vi tri LCB va hé sb béo ‘-’sﬁ“&eg wong Cwe | o898
lang tru toan tau Ce. LCB (tir Iai tau) LCBms | 36.019 | m
4. Ket qua tinh toan NN
o x . Bdng 2. Théng so tau khi ap dung Lackenby.
4.1. Ap dung Lackenby cho mau tau TN SO T
hang théng dun 8 "
g g . g . o . (THAY POI A, GIU NGUYEN LCB)
Dua trén tau hang dugc md hinh (hinh L " . A 5770 | tn
13), giai thuat ty dong hoa diéu chinh lugng | Tons “hiem uge i
chiém nuéc theo Cp yéu ciu trong khi van | The tich chiém nuge v 2706 | m
dam bao gia tri LCB Chlf!ll dai L 67.145 m
cia tau mau. Két qua dugc trinh bay Chf’“ °1A“m d 421 | m
trén bang 2 va 3, dudng cong lugng chiém | Chiéuréng B | 11025 | m
nude tuong Gng trinh bay trén hinh 14, mat | Hé s0 béo lang try Ce 0.881
cat ngang suon ly thuyét trinh bay trén hinh | Hé so béo thé tich Cs 0.878
15. H¢ s6 béo giira tau Cwm 0.996
Hé s6 béo dwong nuée Cwp 0.898
LCB (tir ldi tau) LCBms | 36.019 | m

Hinh 13. Mb hinh hda hinh dang tau hang.
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G Bdng 3. Thong sé tau mau.
_ THONG SO TAU MAU
= Luwgng chiém nwéc A 3070 | tan
I Thé tich chiém nwéc \Y 2995 m?3
= Chiéu dai L 71.2 m
- | Chiéu chim d 39 [ m
Area= 0.531m'2  Station Position = 0.000m Chiéll r{‘)ng B 12.875 m
Hé s6 béo ling tru Ce 0.905
He s6 béo thé tich Cs 0.837
Hé sb béo giira tau Cwm 0.966
Hé s6 béo dwong nwée | Cwp | 0.932
LCB (tir 14i tau) LCBms | 34.091 | m
Bdang 4. Thong so tau thiét ke.
THONG SO TAU THIET KE
. (THAY DPOI A, GIU NGUYEN LCB)
Area = 46.860 m"2 Station Position = 25415 m P 7
Hinh 14. Puong cong SAC truge va sau khi diing Lugng chiem nuge A | 312156 | tn
Lackenby diéeu chinh luong chiem nuoc. Thé tich chiém nuéc \V/ 3045 m?
/Y Chidu dai L | 712
ya f .
\ L I Chiéu chim d 3.9
~ | Chidu ring B 12.875 | m
Heé s6 béo lang tru Ce 0.92
[ ] H¢ s6 béo thé tich Ce | 0869
/ H¢ s6 béo giira tau Cwm 0.966
Thiét ké ban dau — H§ 56 béo dudng nuge | Cwe 0.947
---------- Sau hiéu chinh Lackenby LCB (tl‘l’ l4i t:‘lu) LCBms 34.091 m

Hinh 15. Mgt cdt ngang suon ly thuyét cia ,md~u tau
hang trudc va sau khi dieu chinh lwong chiem nudc.
Két qua thé hién cac duong suon cua tau
thiét ké dam bao hinh ding twong tu tau mau
khi dieu chinh lugng chiém nudc va LCB
theo yéu cau cua nhiém vu thu thiét ke.
4.2. Ap dung Lackenby cho miu tau
container 128 TEU pha SB

Hinh 16. M6 hinh héa hinh dang tau container
128 TEU pha SB.

o

319 m'e

5‘0 o 10 0 30

Station Posifion m

Area= 12236 m*2  Station Position = 0.000 m

40

60

Hinh 17. Buong cong SAC #rurgc va sau khi dung

Lackenby diéu chinh lwong chiém nuéc.
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Thiét ké ban dau
""""" Sau hiéu chinh Lackenby

Hinh 18. Mt cdt ngang swon ly thuyét cia tau
container 128 TEU pha SB trudc va sau khi diéu
chinh lwong chiém nuoc.

Két qua thé hién cac duong suon cua tau
thiét ké dam bao hinh dang tuong ty thu mau
khi thay d6i lwong chiém nuéc (théng qua
diéu chinh doan than éng va Cp) trong khi
van duy tri gia tri LCB cua tau mau.

5. Két luan

Bai bao di trinh bay két qua bién ddi tham
s6 hinh dang tau dua trén tuyén hinh tau mau
theo phuong phap Lackenby. Gidi thuat duoc
xay dung nham tu dong hoa cong tac thiét ké
thay d6i hinh dang tau dap ung trong tai theo
nhiém vu thu th1et ké dong thoi van giir
nguyén théng sé LCB cua tau mau.

Tuy vay, phuong phap nay cling c6 han
ché khi Lackenby sir dung ham bac hai cho
cdng thue tinh do dich chuyén caa cac suon,
n6 chua thé dam bao duong cong dién tich
suon cua tau duoc hiéu chinh s€ c¢6 do tron
toan cuc, cu thé la cac hé thong duong cong
duong nuéc tai khu vyc phan miii va 1ai.
Piéu nay c6 kha ning anh huong dén chat

luong tuyén hinh tau va can lam rd trong
huéng nghién ciu sap tgi. Nhém tac gia sé
tiép tuc nghién ctru theo hudéng tham sé hoa
va lam tron hinh dang tuyén hinh théng qua
giai thuat NURBS trong thiét ké hinh dang
th&n tau. Viéc nay c6 y nghia quan trong
trong viéc dam bao chat lwong tuyén hinh tau
va stc can hinh déang cua tau thiét kéQ
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