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Abstract: This paper presents a parametric geometric modelling approach for
planing hulls used in the preliminary design of high-speed ships. In this study,
the hull geometry is defined using several key design parameters, including
length, beam, draft, and deadrise angle. The deck edge, keel line, and chine
line are utilized to automatically create the three-dimensional hull form.
Moreover, the ship's hull surface was created by using geometric interpolation,
ensuring smoothness and continuity. The developed model is integrated into a
computational environment to rapidly generate multiple hull-form alternatives
for preliminary design studies. To confirm the design's viability, fundamental
geometric and hydrostatic properties, such as displacement and key geometric
ratios, are assessed from the generated hull geometry. The results
demonstrate that the proposed parametric modelling approach enables
efficient generation and exploration of planing hull forms and provides an
effective tool to support the preliminary design process of high-speed craft.
Keywords: High-speed craft; Planing hull; Parametric hull modelling;
Geometric modelling; Ship design.
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Toém tat: Bai bao trinh bay phwong phap xay dwng mé hinh hinh hoc tham sé
cho than tau lwét phuc vu thiét ké tau cao tbc trong giai doan thiét ké so bo.
Hinh dang than tau dwgc mé ta théng qua cac tham sb hinh hoc co ban nhw
chiéu dai, chiéu rong, mén nwéc va goc deadrise (goc nghiéng day tau). Trén
co s& dé, mé hinh hinh hoc ba chiéu clia than tau duoc sinh ty dong théng
qua cac dwong dac trung gom dwong sbng chinh, dwérng gdy day—man (chine)
va duwdng mép boong. Bé mat than tau dwoc xay dwng béng phwong phap noi
suy hinh hoc nham dam bao tinh lién tuc ctia bé mat va kha nang diéu chinh
linh hoat hinh dang théng qua céac tham sé thiét ké. Mé hinh dworc tich hop
trong méi trwdng tinh toan dé tao nhanh nhiéu phwong an than tau khac nhau
phuc vu khdo sat thiét k&. Tlr m6 hinh hinh hoc thu dugc, cac dac tinh hinh
hoc va thdy tinh co ban nhw thé tich chiém nwéc va cac ty 1& hinh hoc déc
trwng dwoc xac dinh nhdm danh gia tinh hop ly cta thiét ké. Két qua cho thay
mo& hinh cho phép xay dwng nhanh cac phwong an hinh hoc than tau phuc vu
giai doan thiét ké so bd.

Tiwr khoa: Tau cao toc; Than tau lwédt; Mé hinh hinh hoc tham s6; Mé hinh héa
hinh hoc; Thiét ké tau.

1. Gi&i thiéu

Nhiéu nghién clru gan day tap trung vao
phan tich dac tinh thay déng lyc va on dinh dong
hoc cla tau lwét the do cao [1], [2]. Thiét ké hinh
hoc than tau lwét cé anh huéng trwc tiép dén dac
tinh thay déng Iwc va hiéu nang van hanh cuta tau
cao tdc [3]. Trong giai doan thiét ké so bo, viéc xay
dwng nhanh cac phwong an hinh dang than tau la
can thiét nham phuc vu danh gia ban dau trwdc khi
thwe hién cac phan tich chi tiét hon. Trong thuc té,
hinh dang than tau thwong dwoc xay dwng bang
cac phan mém thiét ké chuyén dung hoac dua trén
cac dang hinh hoc c6 sdn [4]. Cach tiép can nay
cho phép mé ta hinh hoc chi tiét, nhwng viéc thay
ddi tham sb thiét ké va khao sat nhiéu phuong an

khac nhau con han ché. Md hinh hinh hoc tham sb
cho phép mé ta hinh dang than tau théng qua mét
tap hop tham sb dau vao va tao ra cac phwong an
hinh hoc twong (ng [4]. Tuy nhién, déi véi than tau
lwét, viec xay dwng mé hinh tham sb vira don gian
dé sir dung trong giai doan thiét ké so bo, vira dadm
bdo cac dac trwng hinh hoc co' ban van con han
ché.

Mé&c du nhiéu nghién clru da tap trung phan
tich dac tinh thay dong lwc hoc, strc can va hiéu
nang cla tau luwét tbe do cao [5], cac nghién cliru
nay chi yéu s dung cac mé hinh hinh hoc cé sén
dé phuc vu mé phdng va danh gia. Trong khi d6,
viéc xay dwng mé hinh hinh hoc tham sé cho phép
sinh nhanh nhiéu phwong an than tau, déng thoi
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duy tri cac rang budc hinh hoc co ban phuc vu thiét
ké so bd van con it dwoc dé cap. Xuat phat tw
khodng tréng nay, nghién ctru tap trung xay dwng
mé hinh hinh hoc tham sb dwa trén ba dwéng sinh
dac trwng, két hop hiéu chinh lwong chiém nwéc
va kiém tra cac rang budc hinh hoc nham hé tro
xay dwng nhanh cac phwong an than tau phuc vu
thiét ké so bo.

Trong nghién ctru nay, mét mé hinh hinh hoc
tham sé clia than tau lwét dwoc xay dwng dwa trén
ba dwéng sinh hinh hoc gém dwéng séng chinh,
duwdng chine (dwdng gay gilra day va man tau) va
dwéng mép boong. Cac dwéorng nay dwoc biéu dién
theo toa do doc than tau va dwoc st dung dé xay
dwng bé mét ba chiéu cta than tau thdng qua ndi
suy hinh hoc. M& hinh dé xuét cé thé dwoc st dung
nhw mét cdng cu hé tro' trong giai doan thiét ké so
bd, déng thdi cung cap di¥ liéu hinh hoc lam dau
vao cho cac bwéc phan tich thay déng lwc hoc va
danh gia hiéu nang tiép theo bdng mé phéng déng
lwe hoc chat lwu (CFD) [6].

2. Xay dwng mé hinh hinh hoc tham sé cta than
tau lwot
2.1. M6 hinh toan hoc

Thiét k& hinh hoc tham sé cho phép mé ta
hinh dang than tau thong qua mét tap hop hiru han
cac tham sé thiét ké thay cho viéc xac dinh truc
tiép bang sb lwong I6n cac diém hinh hoc. Theo
Maisonneuve va céng sw [4], mbé hinh hinh hoc
dwgc xay dwng trén co s& cac dwong hinh hoc dac
trung, tlr d6 xac dinh cac mat cét thiét ké va tai tao
bé& mat than tau. Céach tiép can nay lam gidm sb
lwong bién thiét ké can diéu khién, déng thoi tao
diéu kién thuan loi cho viéc xay dwng va khao sat
nhiéu phwong an hinh hoc trong giai doan thiét ké
so bo. Dé mo ta va danh gia dic trwng hinh hoc
cua md hinh sau khi xay dwng, nghién ctru str dung
cac hé sb hinh dang co ban trong thiét ké tau thay.
Céac hé sb nay duwgc xac dinh theo Biran nhw sau
[7]. o

Hé s6 day than tau dwoc xac dinh theo céng
thire (1):

Co=r57 (1)

Le & nnk

trong do V Ia thé tich chiém nwérc, L 1a chiéu
dai thiét ké&, B 1a chiéu rong I6n nhat va T 1a mén
nwéc thiét ké.

Hé sb mat cat gitra tau dwoc xac dinh theo
cbng thire (2) :

A
Cu=52 (2)

trong dé Aw la dién tich mé&t c&t ngang Ién
nhét cGa phan than chim.
Hé sb lang tru dwgc xac dinh theo cong thirc

3):

Hé s6 Crphan anh sy phan b thé tich theo
chiéu dai than tau va la chi tiéu quan trong trong
danh gia dac diém hinh hoc cla than tau lwét.

Heé sb lang tru dirng dwoc xac dinh theo cdng
thire (4):

v
CVPZA—WT (4)

trong d6 Aw la dién tich mat dwdng nwéc thiét
ké. Cac hé sb hinh dang trén |a co s& dé danh gia
dac trwng hinh hoc va thay tinh cia mé hinh than
tau [7]. Bén canh cac hé sb hinh dang, cac ty s
hinh hoc dac trwng nhw L/B, B/T va L/V'" dwoc sty
dung dé& dbi chiéu v&i pham vi hinh hoc cla cac
mau than tau lwét day gay da dwoc cong bd [8].
Céac dai lvong nay dwoc dung lam tiéu chi kiém tra
nhdm bdo ddm mé hinh hinh hoc ndm trong mién
thiét ké phu hop truée khi thue hién cac buéc hiéu
chinh va danh gia tiép theo.
2.2. Xay dwng mé hinh hinh hoc

Viéc xay dwng md hinh hinh hoc dwoc thue
hién trén co s& ba dwdng sinh ddc trwng gom
dwerng séng chinh, dwéng chine (dwdng gay gitra
day va man tau) va dwong mép boong. Cac dudng
sinh nay dwoc Iwa chon vi ching phan anh cac dac
trwng hinh hoc chil yéu ctia than tau lwét, déng thoi
cho phép mé ta hinh dang than tau bang sé lwong
hiru han cac tham sb thiét ké. So v&i viéc xac dinh
truc tiép toan bd bé mat bang tap hop Ién cac diém
hinh hoc, cach tiép can nay gitup gidm sb lwong
bién can diéu khién va tao thuan Igi cho viéc khao
sat cac phwong an thiét ké trong giai doan thiét ké
so bo. Tlr ba dwdng sinh dac trung, cac mét cat
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ngang dwoc xac dinh tai cac vi tri doc theo chiéu
dai than tau. Cac mét cat nay dwoc str dung dé xay
dwng b& mat hinh hoc clia nlra than tau, sau dé déi
xrng qua mét phang doc tam dé tao thanh mé hinh
hinh hoc hoan chinh.

Cach xay dwng nay bao dam tinh lién tuc clia
bé mat hinh hoc, déng thai cling duy tri méi quan
hé hinh hoc gilra cac bé phan chinh cua than tau

Le & nnk

khi cac tham sé thiét ké thay ddi. Trong nghién ctru
nay, mo hinh tham s khéng nham thay thé cac mo
hinh thdy déng lwc hoc, ma chi déng vai trd tao
nhanh cac phwong an hinh hoc phuc vu thiét ké so
bo.

Quy trinh xay dwng bé& mat than tau tlr cac
dwdng sinh hinh hoc dac trwng duwoc trinh bay
trong Hinh 1.

Hinh 1. Xay dwng bé mat than tau tlr cac dwdng sinh hinh hoc

Céac phuwong an dwoc tao ra tr cung mét
khudn khdé md hinh héa gitp bdo dadm tinh nhét
quan cla dir liéu hinh hoc, déng thei tao diéu kién
thuan loi cho viéc hiéu chinh lwong chiém nwéc,
kiém tra cac rang budc hinh hoc va st dung lam
di liéu dau vao cho cac budc danh gia thiy dong
lwe hoc tiép theo.

2.3. Hiéu chinh va danh gia mé hinh hinh hoc

Dé bdo ddm lwong chiém nwédc ctia mé hinh
phl hop véi gia tri thiét k&, mén nwédc dwoc hiéu
chinh theo quan hé trong coéng thirc (5):

Tn - -I-Vtavrget (5)

trong dé T, la mé&n nwdc sau hiéu chinh, T la
mén nwdc ban dau, Vige la lwong chiém nuéc
muc tiéu va V la lwong chiém nwéc tinh toan tr mod
hinh. Qua trinh hiéu chinh dwoc thyc hién lap cho
dén khi lwong chiém nwéc ctia mé hinh dat gia tri
thiét ké. Sau khi hiéu chinh, mé hinh dwoc danh
gia théng qua cac ty s va thdng sé hinh hoc déc
trng. Cac tiéu chi nay dwoc Iwa chon trén co s&
chudi mau hé théng Naples (NSS) [8] nhdm kiém
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tra mirc d6 phu hop ciia md hinh véi dac trwng
hinh hoc ctia than tau lwét day gay. Cac tiéu chi st
dung trong nghién cru dwgc trinh bay trong Bang

Le & nnk

1. Cac tiéu chi trong Bang 1 dwoc st dung dé danh
gia mirc d6 phu hgp cia mé hinh hinh hoc truwéc
khi thwe hién cac bwéc khao sat tiép theo.

Bang 1. Tiéu chi danh gia mé hinh hinh hoc

Tiéu chi danh gia Ky hiéu Thong sb cia NSS
Danh gia hinh dang téng thé L/B 3.24-4.83

Danh gia ty 1& chiém nuwéc L/vi3 5.86-7.49

Panh gia day dudi Br 13.2°

Banh gia day gitra than Bos 22.3°

banh gia day mii Bo7s 38.5°

Nguon: De Luca va Pensa [8]

3. Két qua va thao luan
3.1. Két qua xay dwng mé hinh hinh hoc

Dé danh gia kha nang xay dwng hinh hoc cla
md hinh tham sb dé xuat, mot bo tham sé thiét ké
duwoc lya chon lam di liéu dau vao cho chuwong
trinh tinh toan. B6 tham sb nay dai dién cho mét
phuwong an than tau lwét cd nhé trong giai doan
thiét ké so bo va dwoc str dung théng nhét trong
toan bo qua trinh khdo sat. Cac tham sé dau vao
cta moé hinh dwoc trinh bay trong Bang 2. Cac

tham sb nx va ny dwgc str dung dé xac dinh mat do
chia lwéi hinh hoc trong qua trinh sinh bé mat ba
chiéu.

Tw bd tham sé thiét ké trong Bang 2, chuong
trinh tw dong xay dwng mé hinh hinh hoc ba chiéu
cla than tau lwét. Két qua mé hinh hoa dworc trinh
bay trong Hinh 2. M6 hinh hinh hoc thu dwoc phan
anh day du cac dac trwng hinh hoc cla than tau va
bdo dam tinh lién tuc ctia bé mét trong toan bd
mién thiét ké.

Bang 2. Bo tham sb thiét ké ban dau

Tham sb Ky hiéu Gia tri Pon vi
Chiéu dai than tau L 10 m
Chiéu réng I&n nhat B 2.4 m
Mén nwéc thiét ké T 0.45 m
Goc deadrise tai dubi Bo 16 doé
Lwong chiém nwéc muc tiéu Viarget 6.0 m3

Sé diém chia lwgi theo chiéu doc Nx 60 -

Sb diém chia lwdi theo chiéu ngang ny 40 -

Hinh 2. M6 hinh ba chiéu cla than tau lwot
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Hinh 2 cho thdy mé hinh tham sé cé kha
nang sinh tw dong bé mat ba chiéu cla than tau tiy
cung mot bd tham sé thiét ké. Khi cac tham sé dau
vao thay déi, toan bd hinh hoc dwoc cap nhat déng
bd ma van duy tri tinh lién tuc cta bé mat. Két qua
nay cho thdy phwong phap dé xuét dap &ng yéu
cau xay dwng nhanh nhiéu phwong an hinh hoc
phuc vu thiét ké so' bd. TP mé hinh hinh hoc thu
dwgc, cac dac trwng hinh hoc va thiy tinh co ban
nhw lwong chiém nuwéc, cac hé sbé hinh dang va
cac ty sd hinh hoc dic trwng dwoc xac dinh tw
dong. Céac dai lwong nay la co s& dé kiém tra tinh
hop ly cia mé hinh theo cac tiéu chi da trinh bay
trong Muc 2.3 trwéc khi thye hién khao sat anh
hwéng cla cac tham sb thiét ké.

3.2. Anh hwéng ctia géc nghiéng day tau (géc
deadrise)

DPé danh gia kha nang dap (rng ctia mé hinh

Le & nnk

tham sb ddi v&i sw thay déi hinh hoc, goc deadrise
dwoc lwa chon lam tham sd khao sat dau tién.
Trong qua trinh khao sat, cac tham sé con lai dwoc
gitr khdng ddi nhdm 1am rd anh hwéng riéng cua
goc deadrise dén hinh dang than tau. Hinh 3 trinh
bay anh hwéng cta géc deadrise dén hinh dang
mat cat ngang than tau tai ba vi tri doc than tau.
Khi goc deadrise tang tov 10° 1&n 22-, mat cét ngang
chuyén dan t dang day néng sang dang chiy V
sau hon, trong khi cac tham sd hinh hoc con lai
dwoc gitr khéng dbi. Xu hwéng nay cho thdy md
hinh tham sé cé kha nang cap nhat hinh dang mat
cét theo sw thay ddi ctia goc deadrise, dap (rng yéu
cau khao sat nhanh cac phwong an hinh hoc trong
giai doan thiét ké so bd. D& minh hoa anh hwéng
cla sy thay d6i mat cat dén hinh dang téng thé,
cac mé hinh ba chiéu twong (ng v&i ba gia tri B
dwoc trinh bay trong Hinh 4.

Anh hudng clia g6c deadrise dén mat c&t ngang than tau luét

x/L=10.2

X/L=10.5

x/L=10.8

-0.5 0.0 0.5 1.0 -1.0 -0.5

y (m)

-1.0

-06 —-04 -02 00 02 04 06
y (m)

0.0 0.5 1.0
y (m)

Hinh 3. Anh hwéng cta géc deadrise dén hinh dang mét ct ngang than tau luwét

Bang 3. Anh huéng clia géc deadrise B

STT B (°) B (m) Nhan xét
1 10 2.8 Chi¥ V néng
2 16 2.8 Chi V trung binh
3 22 2.8 Chi V sau

Bang 3 trinh bay anh hwdng cliia goc deadrise
B dén dac diém hinh hoc day than tau lwét. Khi goc
deadrise tang tr 10° 1én 22°, hinh dang day tau
chuyén dan tir dang day phang sang dang chir V
sau hon. Céac két qua nay ciing phu hop véi phan
tich &anh hwéng clia cac diéu kién hinh hoc déi véi
than tau lwot duwge Kazemi va céng sy bao cao

trong [9]. Hinh 4 cho thdy khi goc deadrise tang,
hinh dang téng thé cuta than tau dwoc cap nhat
ddng bo theo toan bo chiéu dai.

M&c du sy thay dbi trén mé hinh ba chiéu
khong rd rét nhw trén mat cat ngang, mé hinh tham
s6 van phan anh ding xu huéng bién ddi hinh hoc
khi thay d6i tham sé thiét ké.
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Wt

W’

ot

o L

ot

3.3. Anh hwéng cuaa chiéu rong B

Chiéu rong than tau 1a tham sb quyét dinh kich
thwéc téng thé ctia mé hinh hinh hoc.

Trong nghién clru nay, chiéu rong dwoc khao
sat voi cac gia tri B=2.4m, 3.0m va 3.6m, trong khi
cac tham sé con lai dwoc gitr khdng ddi nhdm danh

Le & nnk

(b)

(c)
Hinh 4. Anh hwéng ctia géc deadrise dén hinh dang than tau luwét
(@) B =10° (b) B=16° (c) B =22°.

gia kha nang cap nhat hinh hoc cia mé hinh tham
sb.

Hinh 5 cho thay khi chiéu rong than tau tang,
bé réng mat cat ngang tang twong &ng trong khi
hinh dang day van dwoc duy tri. Sw thay dbi nay
lam t&ng kich thwéc tbng thé clia than tau nhung
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khéng lam thay déi quy luat bién thién cla cac  khi thay di chiéu rong thiét ké, dap ng yéu cau
dweng sinh hinh hoc. Két qua cho thdy mé hinh  khao sat nhanh nhiéu phwong an hinh hoc trong
tham sd c6 kha nang cap nhat ddng bd hinh hoc  giai doan thiét ké so bo.

o*

"

w*

o

(b)

@

Wt

(c)

Hinh 5. Anh hwéng cla chiéu rong than tau dén hinh dang than tau lwot

(a)B=24m,(b)B=3.0m, (c)B=3.6m.
Bang 4 cho thay khi chiéu rong than tau tdng,  nwdc muc tiéu va géc deadrise dwoc gilk khong ddi
ty 1& L/B giam, phan anh sw thay déi tlr than thon  dé& bao da&m chi khao sat anh hwéng ctia tham sé
sang than rong hon. Trong khi d6, lwong chiém  chiéu rong. Két qua khao sat cho thay cac tham sb
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hinh hoc anh hwéng khac nhau dén hinh dang than
tau. Trong khi géc deadrise cht yéu chi phéi hinh
dang mat cat ngang, chiéu rong than tau quyét dinh
kich thwéc tdng thé ctia md hinh. Xu hwéng bién
ddi hinh hoc theo géc deadrise phu hop véi cac két
qua da duwoc cong bd [10]. Két qua nay cho thay

Le & nnk

m6 hinh tham sé cé kha ndng khéo sat anh hwéng
cla cac tham sé thiét ké, ddng thoi cung cap div
lieéu hinh hoc phuc vu phan tich thiy déng Iwc hoc,
tdi wu hoa thiét ké va mé rong nghién ctu déi voi
cac bién thé hinh hoc phtrc tap cla than tau lwot
[11], [12].

Bang 4. Anh hwéng cla chiéu rong than tau B

STT B (m) B(°) V (m?) L/B Nhan xét
1 24 18 6.0 4.2 Théan hep
2 3.0 18 6.0 3.3 Théan trung binh
3 3.6 18 6.0 2.8 Théan réng
4. Két luan Theory of Dynamical Systems. Nonlinear

Bai bao da xay dwng mé hinh hinh hoc tham
sb cho than tau lwét phuc vu giai doan thiét ké so
bd trén nén tang Python. Mé hinh sl dung ba
dwdng sinh dac trwng dé tw déng tao bé mat ba
chiéu cla than tau, ddng thoi tich hop hiéu chinh
lwong chiém nwéc va kiém tra cac rang buéc hinh
hoc nham bao dam tinh hop ly ctia phwong an thiét
ké. Két qua cho thay mé hinh cé kha nang cap nhat
4n dinh hinh dang than tau khi thay ddi cac tham
sb thiét ké va hé tro xay dwng nhanh cac phuong
an hinh hoc trong giai doan thiét ké so bd. Mé hinh
dé xuét cé thé dwoc st dung lam di liéu dau vao
cho céac phan tich CFD, danh gia hiéu nang va téi
wu hda thiét ké [13], ddng thoi hd tro giai doan thiét
ké khai niém va phat trién phwong an hinh hoc ban
dau cla tau lwét [14].

Tuyén b6 veé viéc str dung Al tao sinh

Trong qué trinh chuén bj bai bo, cac tac gia
da khéng sr dung coéng cu Al dé tao ra ndi dung
cho bai bao.
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