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ThM TAT

Nghién citu nay trinh bay phuong phép riri rac haa hinh hoc va
tau thay sir dung ly thuygt toan hoc két hop vai ngén ngit lap
trinh Python. (Qué trinh rii rac nay duegc trién khai nhim bao
dam réng cac dac tinh hinh hoc coa va tau khang bj thay ddi khi
chuyén nguagec lai thanh dang 30 mat (3D face). K&t qua ciia qua
trinh rvi rac haa khang chi tao diéu kién thuén lgi cho viec thuc
hién cac diéu chinh hinh hoc trong céc tinh toan tdi vu ma con
tigt kiem dang ké thai gian xir 1y. Dang theri, cac cong doan xéc
nhan bign dang tigt dién bét ky, phuc vu cho céng tac ha ligu va
phang dang dugc thyc hién dé dang nhir vao théng tin sd hoa tir
dit ligu diém. Phan mém phat trién tir phuong phap nay khang chi
giam thigu sai sat ma can gop phén nang cao mic da tr dong hoa
va tdi vu hoa trong quy trinh thigt ke va sén xuat va tau thay.
Tir khéa: Riri rac haa hinh hoc, va tau thay, dir ligu diém, ngan
ngir [ap trinh Python, tdi wu haa hinh hoc, phang dang, ha ligu, tu
ddng hoa thigt ke tau.

ABSTRACT
This study introduces a novel method for discretizing ship hull
geometry by integrating mathematical theory with the Python

1. DAT VAN BE

Trong nganh céng nghiép dong tau, viéc thiét ké va ché tao
vo tau déng vai trd quan trong trong viéc ddm bao chat lugng va
hiéu suat clia tau trong qua trinh van hanh. Trong d6, cac céng doan
phong dang va ha liéu la nhiing budc dau tién trong quy trinh gia
c6ng, anh hudng truc tiép dén chat lugng san pham cuédi cung va
chi phi san xuat. Tuy nhién, cac cong doan nay hién nay chu yéu
dugc thuc hién tha céng, dan dén nhiéu han ché vé thai gian, chi
phi va dé chinh xac trong qua trinh san xuét.

D& gidi quyét van dé nay, nghién ctu tap trung vao viéc phat
trién phuong phap rdirac héa hinh hoc 3D vé tau thay thanh ditliéu
diém (point cloud) dua trén ly thuyét toan hoc két hgp ngén ngitlap
trinh Python. Phuong phap nay khong chi dam bao tinh chinh xac
cao trong qué trinh chuyé&n déi tir hinh hoc 3D sang d liéu diém
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programming language. The proposed approach ensures that the
geometric properties of the hull remain intact when converted
backinto a 3D surface model. This precise discretization process
facilitates efficient geometric adjustments during optimization
calculations, significantly reducing processing time. Moreover,
the digitized point cloud data simplifies the validation of cross-
sectional profiles, enhancing the efficiency and reliability of
material nesting and unfolding tasks. The developed software not
only minimizes errors but also elevates the level of automation
and optimization in ship hull design and manufacturing. By
maintaining the fidelity of the original geometry, this method
supports precise and adaptable hull modifications  while
streamlining key production processes. As the demand for
intelligent and automated solutions in the shipbuilding industry
continues to grow, this approach provides a robust foundation
for improving efficiency, accuracy and innovation, ultimately
contributing to the modernization and competitiveness of ship
design and construction.

Keywords: Discretization of geometry, ship hull, point cloud,
Python programming language, geometry optimization, unfolding,
material nesting, ship design automation.

ma con gilp duy tri dugc cac dac tinh hinh hoc vé tau khi chuyén
ngugc lai tir dit liéu diém sang hinh hoc 3D. Nh& vao két qua rdi rac
héa, viéc diéu chinh hinh hoc trong cac tinh toan ti uu sé trg nén
dé dang hon, tiét kiém thoi gian va chi phi. Ngoai ra, cac cdng doan
xac nhan bién dang tiét dién bat ky, phuc vu cho céng tac phéng
dang va ha liéu cling tr& nén thuan tién hon thong qua cac théng
tin s6 héa dudng hinh nhan duoc.

Nghién ctru nay khéng chi gop phan nang cao hiéu qua cda
cac cong doan trong quy trinh déng tau ma con ma ra kha nang
ung dung réng rai trong cac nganh céng nghiép khac, noi yéu cau
cac quy trinh thiét k& va ché tao chinh xac, tiét kiém va hiéu qua.
Phuong phap rai rac hda hinh hoc 3D nay c6 thé gilp nang cao su
tu ddng hoa trong cac quy trinh sdn xuét, gidm thiéu sai sét, déng
thdi t6i uu hda thiét k& hinh hoc vé tau, gép phan cai thién toan bé
quy trinh déng tau trong boi canh cong nghiép 4.0.
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2. PHUGNG PHAP LUAN

* Roi rac héa hinh hoc 3D

Trong nghién ctru nay, viéc chuyén déi di liéu hinh hoc 3D
clia vé tau thady luu dudi dinh dang STL thanh tap hgp diém bé mat
(point cloud) v&i cac toa doé (x,y,z) dugc xac dinh bang cach do tim
giao diém gilra tia do va bé mat mé hinh, két quéa duoc luu dudi
dang tép CSV hodc excel.

Dau tién, ti€n hanh xac 1ap toa d6 gdc (origin) va chuadn hoéa
mo hinh: Toa d6 géc dugce dat tai trung tam cla mat ddy mo hinh
(m&t phdng Oxy véi z = 0) gitp don gidn héa tinh toan va xu Iy sau
nay va déng nhat hoa hé toa dd mo hinh 3D khi xuat di liéu.

Gia st kich thudc mién khéng gian bao quanh mé hinh dugc
ky hiéu:

[Xmin » ymiu 2 zmiu ] (1 )

g -
[xmax * M max * “max ]

(2)
Toa d6 g6c (origin) tinh nhu sau:
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Sau d6, dich chuyén mé hinh sao cho géc toa d6 nam tai O
bdng phép tinh tién:

—origin
£ @
I =| —origin,
Méi diém trong mé hinh 3D dugc dich chuyén:
P=P+T )

V6i P=(x,y,z) la toa d6 ban dau va P' la toa do sau tinh tién.

Thuc hién r&i rac héa khéng gian mién chiia mé hinh hinh hoc
théng qua xéc lap khodng cach luéi Ax, Az. Cac budc nhay trén truc
x va z xac dinh dé phan gidi cta tap hgp diém. D6 phan gidi cao
(budc nhay nho) cho phép chi tiét hda mé hinh, nhung tén nhiéu tai
nguyén tinh todn may tinh.

Pham vi x, va z, dugc xac dinh:

X, =x, +iAx
T nun I AZ (6)
Z; = Zyy + @)
ie{0,1,2,.,n}, n).—l@J
ax ®)
z -z
je{012,.n}, n ={WJ 9)

Tiép theo, thuc hién do tim giao diém gida tia va bé mat bang
phuong phap Ray-Casting: Do tim cac giao diém gilta mét tia (ray)
xudt phat tr mét diém (x,z) trén mat phang va huéng theo truc y.
Do tim hai giao diém: - y (diém bé mat man tréi) va + y (diém bé mat
man phai). Phuong phap nay phu hop dé xtt ly cdc mé hinh phuc tap
c6 nhiéu chi tiét 3D.

* Do tim giao diém bdng Ray-Casting:

- M6 hinh tia do:

Tai méi diém ludi (xi,xj), mot tia do dugc tao ra doc theo trucy:

Ray _origin= (_\'J. »=90,2, )

Ray _direction = (0, 1,0)

(10)

- Phuong trinh tia:

Phuong trinh tham s6 cla tia do:

ﬁ(r}:ﬁw.ﬁ (12)

Véi:

0 =(x,~»,z,) - Diém gbc cla tia;

D=(0.1,0) - Hudng tia (trucy);

t-Tham s6 (khoang cach doc theo tia do).

- Giao diém tia va tam gidc:

Méi tam giac trong mé hinh 3D dugc biéu dién béi 3 dinh A, B,
C.Tim t sao cho tia giao vdi tam giac:

R(t)=A+u(B-A)+v(C-4) (13)

Véi:u,v =0, u+V < 0,gidi hé phuong trinh (13) dé tim t, u, v.

t - Khodng cach tu diém géc tia dén mit tam giac;

u, v - Tham s6 hinh hoc trong tam giac.

Néu tim thay t,, t, thoa man: t, < t, thi hai toa d6 y clia giao
diém la:y =y(t,), y* = y(t,).

Xuat dit liéu dang point cloud: Dir liéu dugc luu trit dudi dang
tép tin *.CSV hoac excel v&i cau tric cot [x y y* z], giup dé dang phan
tich hodc tich hgp vao cac céng cu khdc nhu CAD, OpenFOAM hay
phan mém xt ly hinh hoc.

3.KET QUA

Trong nghién clu nay, ching t6i dung hinh hoc tau c¢& nhé
chay nhanh d@é rdi rac. Ly do Iua chon nay nham lam buéc chuyén
cho nghién cdu tiép sau vé t6i uu hda hinh hoc tau chay nhanh
théng qua chinh sifa tép diém hinh hoc vé tau (g6c Beta) nham tang
hiéu suat than tau, cai thién tinh ém khi tau di chuyén. Cac cach lam
quen thuéc nhu phuong phap Lackenby khéng hiéu qua do chiéu
chim tau chay nhanh nho, lugng chiém nudc khi dat van toc luét
nhé va dac biét tau co dang gay goc.
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Hinh 1. Hinh hoc tau nguyén mau (dugc trich tir dit liéu ho so thiét ké tau cao téc
Ngan Ha 09 - Vién Nghién ctiu ché tao tau thily, Trudng Dai hoc Nha Trang, TP. Nha Trang,
tinh Khanh Hoa)

Bang phép quét tim, ching ta truy xuat dugc di liéu diém roi
rac nhu minh hoa trong Bang 1. Cac dir liéu nay du nhoé dé co thé
néi suy bac 1 hoac bac 2 ma khong lam sai khac céac gid tri trung
gian, néu dung noi suy. Cach lam khac c6 thé chl dong dua théng
tin input ngay ti ban dau r&i rac dé€ nhan cac gia tri x, y, z mong
muén nham phuc vu céng tac phéng dang, ha liéu hoac lam khuén,
dudng phuc vu céng tac déng tau.

Bang 1.Tép dit liéu diém rai rac
A B c D
x | y-[-| y+l-| z [-]
-6135| -1226.64| 1226.645 1110
-6135| -1238.54| 1238.538 1120
-6135 -1248| 1248.001 1130
-6135| -1256.24| 1256.239 1140
-6135| -1263.68| 1263.683 1150
-6135| -1270.55| 1270.553 1160
-6135| -1275.8| 1275.802 1170
-6135| -1275.81| 1275.808 1180
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Hinh hoc tau dang gay goc la loai dac biét thusng dung cho
cac tau ¢@ nho chay nhanh, rat kho thuc hién khi rgi rac va noi suy
thong thudng. Phuang phap quét tim phat huy hiéu qua va khac
phuc dugc nhugc diém trén, thuc hién dugc cho ca tuyén hinh dang
U, V va U-V. Tuy nhién, d&€ mé ta tét va da dit liéu diém cho cac gay
gdc, nén quan tam kich thuéc cac gay goc trudc khi xac lap kich
thudc 6 do tim. Hinh 2 minh hoa cho truéng hop thong tin gay goc

Bi€u 46 yoz néi cic difm (2) tai timg toa 4§ y bang spline

1000

=1400 =1200 =1000 -800 =800 =300 =200 o
¥

Hinh 2. Hinh hoc tau rdi rac véi budc ludi lén

da dién ta trong mat sudn nhung trong cac mat con lai khong du
dir liéu dé biéu dién. Khic phuc bang cach ting d6 min cho 6 quét
tim thong qua viéc gidm kich thuéc budc tim theo cac phuong truc
X, ¥, Z mong mudn.

M6 hinh tau Ung vdi cac budc nhay tho, khéng thé hién dugc
dac trung hinh hoc vo tau:

Mé hinh tau ting vdi cac budc nhay tinh chinh, thé hién dugc dac trung hinh hoc vé tau:

Biéu d6 yoz néi cac diém (z) tai timg toa d§ v bang spline

1200

o

-1400 -1200 -1000 —800 —600 —400 -200 o
¥

Hinh 3. Hinh hoc tau rGi rac véi budc ludi nhd (min)

Biéu dd xoz ndi cac diém (z) tai timg toa d§ x bang spline

Tu tép dir liéu rdi rac, ching ta cé thé trich lugt hinh hoc cac sudn, dudng nudc bat ky, gidp thuan tién trong céng tac ché tao khuén

hodc gia cong phéng dang va ha liéu.

Surdm SO0 (x = S04

1600

Hinh 4. Bién dang mdt cat ngang tai toa d6 x = 500
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Duong nurde 500 (z = 500)

8000 6000 4000 2000

Hinh 5. Bién dang mdt duGng nudc tai toa do z = 500
Qua d( liéu diém, thé tich tau cling dugc tinh toan bang cac
thuat toan rdi rac, véi dién tich day khéi vi phan dV 1a dxdy.

4. THAO LUAN

K&t quéa nghién ctu dat dugc la chuong trinh tu dong hoa
tinh toan tép dir liéu diém hinh hoc vé bao tau, & d6 cac 6 lugi tinh
toan xac lap thong qua dai lugng Ax, Ay, Az do ngudi dung nhap,
ky thuat diéu chinh d6 cong dét ngot bién dbi dugc xt ly trong
ham Spline biang phuang phap thém diém lan can véi khoang
cach rat nho nham luén mé ta dugc cac hinh hoc cuc bo phuc tap
nhu gdy goc trén vo tau, két hop ky thuat lam tron. D liéu diém
cho phép chuyén d6i sang dinh dang Iugi cau truc STL va dé dang
tinh toan thé tich chiém nuéc V bang tich phan cac yéu té thé tich
dV=zdxdy =Az

V= %z Ar':i (14)

Tép dit lieu diém la théng tin dau vao quan trong cho céc bai
toan t8i uu diéu chinh hinh hoc vé tau, dac biét cac tau chay nhanh
¢& nho hién nay.

Hay tudng tugng rang, méi mét chu ky tinh toan téi uu sé
nhan dugc 1 tép toa do diém va can thiét md hinh héa 3D tép toa
d6 diém &y dé tinh toan (ing xu vé tinh ning tau, diéu khong thé
lam thi cong dap ting dugc. Chuong trinh that su la cong cu dac luc
phuc vu cho cong doan nay.

TU nghién cdu nay, moét phat hién mai vé phuong phap tinh
toan thé tich tau khéng d6i (ing véi tuyén hinh tau thay déi dugc
dé xuat théng qua rang budc trong bai toan tinh thé tich V, sé dugc
trinh bay chi tiét & bai bao sau. Phat hién nay giup vong lap trong
diéu chinh hinh hoc tau gir nguyén lugng chiém nudc duoc hinh
thanh va nhiéu mé hinh tau khac nhau dugc sinh ra, lam tai nguyén
cho bai toan t6i uu tién hanh phan tich, danh gia, cai tién tinh ém
cho tau cling nhu cac dac tinh thay déng luc hoc mong muén.

Ngoai ra, két qua clia chuong trinh ty dong héa ma nhém
nghién ctiu con Ung dung cho céng tac cong nghé phdéng dang va
gia c6ng ha liéu, ché tao khuén, duéng chinh xac.

5.KET LUAN

Nghién ctiu da xay dung thanh céng chuong trinh tu dong hoa
roi rac hinh hoc vé tau sang toa dé diém (x,y,z) va cau tric dugc
dang file.stl.

Nghién clu da dé xuat dugc cach khic phuc biéu dién spline
V@i cac diém c6 dé cong cuc bé thay déi 16n, ké ca tinh chat dudng
hinh gdy goc bang cach thém diém néi suy gitra két hgp cach cat
doan hodc néi tuyén tinh tai diém cong dét ngot.

Thém diém noi suy:

1500
1000 T ——
500 ~—
8 S
0 2000 A000 6000
Z.+Z
| i+l
Zm?n- - 2 (15)
_ y{' + ya’-!-l
Ynew = 7 (16)

- Cat va dung doan thdng dé néi:
Tai diém z, c6 d6 cong thay d6i dot ngdt, st dung doan théng
néi (y,x) va (y,,,z,,) thay vi spline.
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