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Tém tit

Ngi dung bai bdo nay dé xudt mét phirong phdp
méi cho viéc tinh todn ddy neo vit néi bang cdach
vdn dung thudt todan 16i wu héa bdy dan PSO dé
gidi cdac phwong trinh gidi tich mé ta quy dao day
neo. Cdc phuwong trinh vé d¢ sau khu nwée va
chiéu dai day neo dvwoc van dung dé thiét ldp ham
muc tiéu cia thudt toan PSO. Céc én sé la goc
nghiéng ddy neo tai day va do dat ngang cua vat
néi dwoe gidi tw dong bang thudt todn nay. Qua
ds, cac tham sé dé xdac dinh quy dao va lyc cing
ddy neo ciing dwoc xdc dinh. Phwong phap tinh
toan nay mao ra huong mai cho viéc tinh toan dang
két cau nay bén canh cdc phwong phdp phé bién
hién nay nhu phuong phap gidi tich, phwong phap
phan tir hitu han, ...

Tur khgia: Day neo, phao néi, phwong phdp ti}?h, thugt
toan toi wu hoa bay dan, phwong phap thir dan.
Abstract

This paper proposes a new method of calculating
mooring lines by using the particle swarm
optimization algorithm (PSO) to solve the
analytical equations describing the mooring line
trajectory. The equations of water depth and
mooring line length are applied to establish the
objective function of the PSO algorithm. The
unknowns are the mooring line tilt angle at the
bottom and the drift of the floating object are
solved automatically by this algorithm. Thereby,
the parameters to determine the trajectory and
tension of the mooring line are also determined.
This calculation method opens up a new approach
for calculating this type of structure besides the
popular methods today such as the analytical
method, the finite element method, etc..
Keywords: Mooring line, floating bouy,

calculation method, particle swarm optimization,
trial and error method.
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1. Pit van dé

Day neo ciia cong trinh ndi 1a mot bd phan quan
trong, c6 vai tro gitip cho vat ndi noi riéng va ca hé
thdng no6i chung 6n dinh dudi tac dong ctia séng gio,
dong chay hay tac dong cua tau,... Ty vao mdi loai
cong trinh ma vt ndi c6 thé dugce neo bdi mot day neo
hay nhiéu day neo. Day neo c6 thé 1 ddy chung hoic
day cing & dang xich hodc day cap, thudong 1am bang
cac loai thép dac biét hodc vét liéu phi kim cuong do
cao [1, 2].

Trong tinh toan day neo, hi¢n nay cé hai phuong
phéap dugc sir dung rong rai la phwong phap giai tich
va phuong phap phan tir hitu han [1, 3]. Dbi véi
phuong phép phan tir hitu han, cac tinh toan dugc thuc
hién trén cac pham mém thwong mai co gia thanh rét
cao hodc it phd bién va kho sir dung. Trong khi d6, véi
phuong phép giai tich, khi tinh toan phai chip nhan
cac gia thiét gin ding, tinh thir din nén viéc tinh toan
mét nhiéu thoi gian va phutc tap. Mat khac viéc lya
chon thong sb cta day neo ciing chi yéu dua vao kinh
nghiém, doi khi qua thién vé an toan, gay lang phi. Tir
d6 dan t6i sy can thiét vé viéc cai tién phuwong phap
tinh toan.

2. Phuong phap nghién ciru

Bai b4o nay s& trinh bay tom tit vé 1y thuyét tinh
toan day neo don. Sau d6, nhom tac gia s& dé xuat mot
phuong phép tinh toan méi cho diy neo don cliia mot
phao bao hiéu ndi bang cach véan dung thuit toan tdi
wu hoa bay dan (PSO) trén code Python dé tim nghiém
gan dung cta cac phuong trinh mo ta day neo. Cac
phuong trinh khong ché vé do sau khu nudc va chiéu
dai day neo duoc van dung dé thiét 1ap ham muc tiéu
ctia thuat toan PSO. Cac 4n s6 1a goc nghiéng day neo
tai day va do dat ngang cua vét ndi duoc giai ty dong
bang thuat toan nay.

3. Ly thuyét tinh toin diy neo don

Trong tinh todn day neo cia phao neo don, phuong
trinh mé quy dao day neo nhu sau [3-5]:
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z(x) =a.cosh E + arcshin(tan(eo))}

(1
—a.cosh[arcshin(tan(6,))]
. |
x(I) = a.arcsin h{gﬂan(eo)J @
—a.arcsinh[tan(6,)]
a-H 3)
w

Hinh 1. So tinh todn diy neo don

Trong d6 x,z la toa do theo phuong ngang va
phuong ding. 6, la goc nghiéng ctia day neo & day
(Hinh 1). H 1a tong lyc ngang tac dong 1én vét ndi, w
la trong luong cua 1m day neo dudi nude. Tu phuong
trinh quy dao day neo cac gia tri bao gdm d6 sdu nude
h, chuyén vi ngang cuia vat ndi S, chiéu dai day neo /
dugc biéu dién & cac phuong trinh dudi day:

1/2

h= a. [1 + (é + tan(90)>2] = )

- cos(6y)

S =a.arcsinh [I + tan(eo)}
a (%)

—a.arcsin h[tan(@o)]

1(x) =a.[sinh(§+arcs hin—tan(@o)} (6)

Luc cang day tai tai toa d0 / doc day duoc xac dinh
theo cong thure sau day:

T = H\/1+G+tan(«90)j (7

Céc phuong trinh (1) va (2) hodc (1) va (6) cho
phép xac dinh chinh xac quy dao cia day neo. Hai
phuong trinh nay tao thanh hé phuong trinh rit kho co
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thé giai dugc bang cac phuong phap thong thuong.

Trong tinh toan thiét ké day neo, chiéu dai day neo
va trong lugng ban than don vi ddy neo duoc gia dinh
trude theo kinh nghiém, goc nghiéng cia day neo &
day ciing duoc gia dinh bang 0. Tir d6 xac dinh luc
cang day neo va kiém tra lai cac diéu kién 6n dinh cua
day neo. Phuong phap trén c6 nhuoc diém la da don
gian héa nhiéu gia tri, viéc kiém tra phai thyc hién
nhiéu lan, mit khac khong thu duoc gia tri chinh xac
cua goc nghiéng day trong truong hop tinh toan day
ngin [6].

Phuong phap thir dan ciing duoc str dung dé xéac
dinh gia tri goc nghiéng diy neo nhung ¢ han ché 1a
kha phtc tap va can phai co dugc gié tri goi ¥ ban dau
hop 1y dé giam bét khoi lugng tinh toan [1, 2]. Ngoai
ra phuong phap phan tir hiru han ciing dugc sir dung
[4, 7, 8]. Nhung phuong phap ndy c6 han ché 1a cac
phan mém thuong mai c6 gia thanh rit cao hodc twong
dbi phuc tap néu ty viét chuwong trinh tinh.

4. D¢ xuit phwong phap tinh toan méi cho day
neo don bang thuit toan toi wu héa bay dan
PSO

4.1. Gidi thigu vé thudt todn téi wu héa bdy dan
(PSO)

Khéi tao vi tri Xi va vin t6cVi ciia timg ca | _
thé trong dan b

#  Tinh toin ham muc tiéu tweng téng Gi

Cip nhat gia tri ham muc téu rél
nhit cia bay (Gbest) va gia tri tot |
nhit ciia tirng c4 thé (Pbest) No

Cip nhit vén tbc cia timg cd thé Vi
va vi tri cia tieng ca the Xi

t = Max_iteration

Théa min
Hinh 2. So dé thudt todn PSO [13]

Thuat toan tdi wu da duoc ap dung nhiéu trong linh
vyc tinh toan t&i wu cua cac bai toan ky thuat noi
chung va vét ndi n6i riéng [9-11]. Trong d6, thuat toan
PSO dugc danh gia 1a kha don gian, yéu cau it tham
s6 dau vao va da dugce danh gia 1a co do tin cdy cao
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do da dugc sir dung rat nhidu trong cic bai toan ky
thuat trudc d6. Thuat toan PSO ra doi vao nam 1995,
dugc 1y cam hung tir cach ma dan chim di chuyén
trong khi tim kiém thtrc an [12]. Thuat toan nay da
dugc sir dung nhiéu va kha phi hop véi cac bai toan
k¥ thuat. So d6 thuét toan dugc thé hién & Hinh 2. Mot
quan thé (swarm) duogc khoi tao véi sb lugng ca thé
(particle) nhat dinh. Mdi c4 thé dai dién cho mot giai
phap trong tim kiém. Cac ca thé di chuyén trong
khong gian tim kiém va cap nhat vi tri ctia ching sau
mdi mot vong tim kiém dua trén dinh hudng 1a vi tri
t6t nhat ma mdi ca thé da tim thay (Pbest) va vi tri tot
nhit ma quan thé da tim thiy (Gbest). Vi tri tot nhét &
day 1a vi tri thoa man tt nhat diéu kién duoc dua ra
dé t6i uu.

Thuét toan tdi PSO cho phép tim gia t6i wu cia
ham muyc tiéu. Noi cach khac 1a tim gia tri cyuc tri cla
mot ham bit ky c6 cac bién théa mén cac diéu kién
rang budc nhét dinh. Vi vay thuat toan nay cé thé van
dung dé tim nghiém cho hé phuong trinh mé ta quy
dao day trong cac bai toan vé day neo.

4.2. Pé xudt phwong phdp tinh todin diy neo
don bang thudt toan PSO

Trong phan nay, nhém tac gia s& dé xuat mot
phuong phap méi dé tinh toan day neo don. Phuong
phap tinh s& dugc minh hoa va két qua tinh toan s&
dugc so sanh véi két qua cia phuong phép giai tich va
phuong phap phan tir hitu han trong tai liéu tham khao
[4] dé chimg minh tinh hiéu qua va tinh chinh x4c. Cac
budc chinh ciia phuong phap méi nhu sau:

- Bude 1: An dinh gia trj cac tham s ddu vao bao
gdm: Tai trong ngang H, chidu sdu nudc A, chiéu dai
day neo /, trong lugng day neo trén /m dai w.

- Budc 2: Thiét 1ap hé phuong trinh mé ta quy dao
day neo bao gém phuong trinh (1) va (6). Khi d6 cac
4n s 1a gi tri goc nghiéng cua day neo & day 6, va
d6 dich chuyén cta phao so v&ineo S.

- Buéc 3: Thiét 1ap phwong trinh muc tiéu
(objective function) cta thuattoan PSO ¢ du6i dang
sau day:

f(60,8) = 1I(S) = U+ 1z(S) —=hl  (7)
Tai vi tri dit phao (diém A trong Hinh 1) chiéu dai day
[(S) xac dinh tir phuong trinh (6) va d6 sau nudc
z(S) duoc xac dinh tr phuong trinh (1). Khi gia tri
f(6y,5) = 0 cb nghia la cac gia tri 6,,S tim duoc
tur thuat toan chinh la cac gia tri dac trung cta day neo
can tim.

- Budc 4: x4c dinh cac didu kién bién va rang budc
ctia thuat toan PSO nhu thé hién & cc phuong trinh sau:

0300<% )
$>0 (9)
S?+h*<I? (10)

‘S —a.arcsin h[|g+ tan(@o)} —a.arcsinh[tan(6,)] <10*3(1 D

Céc phuong trinh (8), (9) 1a cac bién gia tri ctia bién
6, S. Phuong trinh (10) 14 rang budc vé hinh hoc ctia
day neo con phuong trinh (11) 1a diéu kién rang budc
dé kiém tra gi tri bién S tim dwoc thoa méan phuong
trinh (5) vé d6 dat cua vét noi.

- Budc 5: An dinh cac tham s cho thuét toan PSO
bao gom: s luong bién, sé 1an chay va sé vong lap tdi
da trong mot 1an chay.

- Budc 6: chay thuat toan PSO dé thu duogc két qua
la gia tri goc nghiéng ctuia day neo ¢ day 6, va do
dich chuyén cuia phao so véi neo S.

4.3. Ap dung tinh todn

Trong phan nay, phuong phéap tinh dé xuat ¢ trén
s€ dugc ap dung tinh toan cho mot cong trinh da dwoc
tinh toan ¢ tai li¢u tham khao [4]. Tai liéu nay tinh
toan cho mot phao bao hicu. Chiéu sau nudc la
d=9,5m, chiéu dai day xich ®42 1a [=20m. Tai trong
ngang tong hop do gi6 va dong chay 16n nhit tac dung
1én vat ndi 1a H=0,343T.

Noi dung tinh toan ap dung thuat toan PSO véi cac
thong sd co ban ciia mé hinh tinh nhu sau:

- S luong c4 thé tim kiém (particle): 200;

- S6 1an chay (run): 200;

- S6 vong lap t6i da (max iteration): 200.

Fitness

0 25 50 75 100 125 150 175 200
Iteration

Hinh 3. Puong cong hdi tu két qui

sau khoang 50 vong l1ap két qua da tiém can va tién téi
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hoi tu tai vong ldp s6 75. Thoi gian tinh toan 1a khoang
31s. Két qua tinh toan dugc thé hién & Béang 1.

Bing 1. Két qud tinh todn

STT Bién Két qua tinh toin
0y (rad) 0,272

2 S(m) 17,430
f(8,,5) 3,55¢e-15

Gia tri ciia ham muc tiéu 14 3,35.10°'5 ¢6 thé coi
xap xibang 0 cho thay cac gia tri ciia goc ddy neo tai
day va do dat cua vat ndi 1a phu hop véi 1y thuyét va
thoa man cac didu kién vé do sau nuée va chidu dai
day duogc 4n dinh trrude. Su bién thién cua luc cang
day theo vong lap trong 1an chay cho két qua tinh toan
duoc thé hién & Hinh 4.

r~

400

390

0 25 50 75 100 125 150 175 200
Iteration

Hinh 4. Sw bién thién ciia luc cang diy

Dé kiém chuan cho két qua ctia mé hinh tinh toan
ctia phuong phap dwoc dé xuit, két qua duoc so sanh
v6i két qua di duoc cong bd trong tai lidu tham khao
[4] & Bang 2. Sai s6 két qua cua phuong phap moi
dugc so sanh véi két qua thu dugc tir phuwong phap
giai tich va phuong phap phan tir hiru han dugc thé
hién & Bang 3. Sai s6 16n nhét 1 0,89% cho thy két

Bing 2. So sanh két qud tinh todn véi phwong phdp
phén tie hitu han va gidi tich

Két qua tinh toan
bai , Phuon Phuon
STT ) Ap g g
lwgng phap phap
dung cae o
PTHH giai tich
PSO
[4] (4]
1 S(m) 17,430 17,430 17,430
2 T(T) 0,446 0,450 0.450
0y(rad) 0,272 0,272 0,272
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qua tinh toan 1a ding dén, phuong phap dugc dé xuét
la dang tin cay.

Bing 3. Sai s6 ciia két qud tinh todn so véi phwong
phdp phén tir hitu han va gidi tich

Sai 56 (%) so voi
STT Dai
lwong Phwong phép Phwong phap
PTHH [4] gidi tich [4]
1 S(m) 0,00 0,00
2 T(T) 0,89 0,89
3 6y (rad) 0,00 0,00

5. Két luan va kién nghi

Bai bao di trinh bay tong quan vé 1y thuyét tinh
toan dy neo don cua vét ndi va dé xuat mot phuong
phap tinh toan diy neo méi bang cach van dung thuat
toan t6i uu hoa bay dan PSO dé tim nghiém cua cac
phuong tinh giai tich. Két qua tinh toan thu duoc tir
phuong phép méi da duge kiém chuan bang cach so
sanh voi két qua tinh toan di dugc cong bd trude do
theo phuong phap phan tir hitu han. Sai khac véi
phuong phép phan tir hitu han 1a 0,89% ching t6 két
qua tinh toan 1a dang tin cay. Dic biét voi wu diém la
thoi gian tinh toan kha nhanh, chi mat 31s. Hon nita,
mo hinh tinh toan dugc viét trén code mién phi Python,
d& tuy bién cho thiy mé hinh tinh toan tir phwong phap
m&i rat ¢ trién vong dé 4p dung cho céc tinh toan
tuong tu. Trong thoi gian tdi, viée ap dung thuat toan
t6i wu da muc tiéu s& duoc nhom tac gia phat trién
thém dé c6 thé tim dugc cac thong s6 ciia ddy neo thoa
mén khong nhimg t6i wu vé mat khdi lugng ma con
tdi wu do dat ngang cua vat ndi.
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