TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Ky thuat va Cong nghé Hang hai

NGHIEN CUU PE XUAT MO HINH SO HIEU QUA
TRONG PHAN TiCH TINH DAY NEO PON CO GAN VAT TREO
STUDY ON EFFECTIVE NUMERICAL MODEL FOR STATIC ANALYSIS
OF SINGLE MOORING LINE WITH CLUMP WEIGHTS
PHAM QUOC HOAN
Khoa Cong trinh, Truong Dai hoc Hang hai Viét Nam
Email lién hé: hoanpq.ctt@vimaru.edu.vn
DOI: https://doi.org/10.65154/jmst. 971

Tém tit

Hé thong ddy neo c6 gan vit treo (clump weight)
la gidi phdp hiéu qua dé kiém sodt chuyén vi ciia
cong trinh néi va giam liec nhé tai neo. Tuy nhién,
sw gian doan vé hinh hoc tai vi tri treo vt khién
bai toan phdn tich tinh tro nén phirc tap. Phuwong
phép phan tir hitu han (FEM) hién nay dang dwoc
sir dung réng rdi, tuy cho két qud chinh xdc nhung
tiéu ton nhiéu tai nguyén va thoi gian tinh todn,
ddc biét doi voi truong hop dp dung vao cdc bai
todn t6i wu héa thiét ké doi hoi sé lwong vong ldp
I6n. Pé khdc phuc nhiege diém nay, bai bdo dé
xuat mot mo hinh 56 hiéu qua trong viéc tim
nghiém gan ding ciia hé phwong trinh phi tuyén
xdy dung trén ngon ngir lap trinh Python. Phuong
phap nay mé hinh hoa day neo thanh cac doan day
catenary lién tuc noi tiép nhau, thiét lip hé
phirong trinh phi tuyén dwa trén diéu kién cdn
bang tinh va gidi quyét bang thudt todn Modified
Powell Hybrid thong qua b¢ gidi fsolve. Két qua
tinh todn dwoc kiém chimg véi mé hinh FEM cho
thdy sai s6 xdp xi 0%, trong khi toc dg tinh todn
rdt nhanh (khodng 0,2+0,3s). Nghién citu ndy
cung cdp mot céng cu hiéu qua, tin cdy dé gidi
quyét bai todn thiét ké so bé va toi wu héa hé thong
neo ciing nhw tich hop vao thudt toan 16i uu hé
thong nay.

Tir khéa: Ddy neo, vit treo, vit néi, mé hinh so.
Abstract

Mooring lines attached with clump weights are
effective
displacement of floating structures and reducing

solutions  for  controlling  the
uplift forces at the anchor. However, the geometric
discontinuity at the attachment points complicates
static analysis. Currently, Finite Element Method
(FEM) is widely utilized for the calculation this
problem.

However, this method is

computationally expensive and time-consuming,

especially for design optimization problems that
require a large number of iterations. To address
this issue, this paper proposes a computational
model using an effective Numerical Method built
on the Python programming language. This
method models the mooring line as a series of
continuous catenary segments, establishes a
system of nonlinear equations based on static
equilibrium conditions, and solves it using the
Modified Powell Hybrid algorithm via the fsolve
solver. Validation against FEM models shows
negligible error (approximately 0%) while
achieving superior computational speed (around
0.2+0.3s). This study provides an efficient and
reliable tool for preliminary design and
optimization of mooring systems, as well as for
integration into system optimization algorithms.
Keywords: Mooring line, Clump weight, floating
body, Numerical Method.

1. Gi6i thiéu

Trong tinh toan, thiét ké hé thong day neo vét ndi,
dbi véi cac truong hop tai trong tac dong 1én vét ndi
16n hoac mat bﬁng han ché, yéu cau gidi han d6 dich
chuyén cuia vat ndi, vat treo thudng dugc st dung nhu
mot giai phap hiru hiéu. Vat treo thuong 1a cac ddi
trong bﬁng kim loai hodc bé tong cbt thép, duoc st
dung dé giam lyc nang tic dong 1én ria neo ciing nhur
giam d6 dich chuyén ngang cua vat ndi [1, 2].

Bai toan day neo c6 vat treo 1a mt bai toan phuic
tap, do quy dao day neo bi gian doan tai vi tri ¢6 cac
vat treo. Vi vdy khong c6 10i giai chinh x4c dé xac
dinh hinh dang day neo ciing nhu cac dai luong lién
quan nhu: Lyc cang day, luc nang ria, d6 dich chuyén
ctia vat ndi [2, 3]. Hién nay dé tinh toan day neo trong
truong hop nay, c6 hai phuong phap phd bién do 1a:
tinh toan gan dung theo cac hudng dan nhu cua Hai
quéan My hay tiéu chuan Lién X6 cii va tinh toan bang
phuong phap phan tir hitu han.
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Viéc tinh toan ddy neo c6 vat treo bang phuong
phap phan tir hitu han di va dang dugc st dung rong
rdi. Trong rat nhidu cong bd, cac phan mém thuong
mai va cac code phé bién duoc st dung 1a OpenFAST,
NREL FAST, CHARM3D, ANSYS AQWA, SESAM
va OrcaFlex [1, 4-8]. Bén canh d6 SAP2000 cling bét
dAu str dung. Viéc tinh toan Kkét qua tinh toan str dung
phan tir cable va bo giai nonlinear cho két qua déng
tin cay [9]. Viéc sir dung cac phan mém trén ¢ wu
diém 1a truc quan, cho két qua chinh xéc, linh hoat,
phii hop véi hau hét cac bai toan phrc tap. Tuy nhién
viée str dung cic phan mém nay thuong yéu cau tai
nguyén tinh toan 16n ciing nhu chi phi ban quyén cao.

Mot huéng tiép can khac d6 1a tu xay dung cic mo
dun tinh toan bang phuong phap phan tir hitu han
thong qua cac ngdn ngit 1ap trinh, cho phép tuy chinh
tuy theo cac bai toan lién quan [10-12]. Tuy nhién
huéng tiép can nay doi hoi nguoi tinh toan phai co
kién thirc sau vé phuong phap phan tir hitu han ciing
nhu 13p trinh.

Mic du phuong phap phén tir hitu han (FEM) cho
két qua tin cdy, nhugc diém 16n nhat ciia n6 1a yéu cau
tai nguyén tinh toan 16n va chi phi ban quyén cao.
Diéu nay tré thanh rao can 16n trong cac bai toan tdi
vu hoa thiét ké. Cac thuat toan t6i wu hoa phd bién
nhu t6i wu héa bay dan (PSO), t6i wu hoa di truyén
(GA), t6i wu héa vi phan (DE),... cho phép xac dinh
céc thong sd co ban ciia hé thong day neo téi uu vé
gia, khéi luong vt liéu hay chuyén vi ngang cua vt
ndi ma van théa min cac diéu kién rang budc vé do
bén, bién dang cta nhu cAu tao cua day neo tuy theo
yéu cau cta bai toan. Thuat toan dua ra hang nghin
dén hang trim nghin giai phap, tmg v6i mdi giai phap
cac diéu kién rang budc dugc kiém tra tir d6 1am co s
d4nh gia tim ra giai phép toi wu [13].

Nhu d3 trinh bay ¢ trén, trong cac bai toan tdi wu,
dbi voi cac day neo co vt treo, cac phin mém tinh
toan theo phuong phap phan tir hitu han duoc sir dung
dé x4c dinh tmg xtr ciia hé thong, tir d6 danh gia cac
diéu kién rang budc. Viéc tinh toan nhu vay qua sb
lwong vong lip 16n dan dén thoi gian tinh toan l4u, doi
hoi tai nguyén tinh toan 16n. Vi vay, viéc phat trién
mdt mo hinh tinh toan hiéu qué cho phép xac dinh
duoc g xir ctia day neo c6 vat treo cé thoi gian tinh
toan nhanh véi yéu cu khong cao vé tai nguyén tinh
toan 1a can thiét.

Bai bdo nay dé xuat mo hinh tinh toan bang
phuong phép s xay dung trén code Python str dung
ham fsolve cho phép xac dinh chinh xac ung xu cua
day neo don trong truong hgp c6 vat treo. Cac dai
lugng quan trong nhu luc nang rua, lyc cang day,
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chuyén vi ngang cua vat ndi duoc xac dinh. Qua d6 co
thé ap dung cho tinh toan thiét ké day neo, dic biét 1a
trong tinh toan tdi wru day neo véi thoi gian tinh toan
va khong yéu cau cao vé tai nguyén tinh toan.

2. Phuong phap tinh

2.1. Ly thuyét co bin

Céc phuong trinh co ban cua mdt day neo don
chiéu dai 1, trong lugng 1m dai dudi nuéc w chiu
tai trong ngang khong d6i H duoc thé hién trong cac
cong thire sau [1, 2, 14]:

wl?  Hltanf,

z(l) = 2EA, + 2EA,
; 2
+a [1 + (E + taneo) ] ()
a
cosf,
] l
x() = FA + aarcsinh [E + tarl(@o)] @)
— aarcsinh[tan(6,)]
H
a= — 3)
w

Trong d6 E 1a m6 dun dan hdi cua vat liéu, Ay
1a dién tich mat cat ngang danh dinh cua day neo va
6, 1a goc nghiéng cua day neo tai vi tri diu day. Trong
truong hgp bo qua tac dung ciia dong chay 1én day neo,
lyc cang tai vi tri bat ky doc day neo dugc tinh toan
theo cong thirc sau:

H _ H\/l + (i + tan (90))2 4)

T(l) = cos 6(1) =

T2

Tyys .Pl, ;

Hinh 1. So dé tinh mét doan diy neo lién tuc
Trong tinh toan day neo don c¢6 vét treo, hinh dang

cua day neo bi chia thanh cac doan roi rac tai cac diém
gan vat treo. Do d6 khi tinh toan c6 thé coi mdi phan
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doan day gidi han giira hai vi tri gén vit treo 1a mot
doan day neo don lién tuc. Vi tri gén vat treo phia dudi
¢6 thé coi nhu “riia neo 40” con vi tri gén vat treo &
phia trén c¢6 thé coi nhu mot “vat ndi ao”. Trong
truong hop bo qua tac dong cua dong chay 1én day neo,
gi4 tri luc ngang tac dong 1én cac vat ndi 4o 1a bang
nhau va bang tong lyc ngang tic dong 1én vat ndi H,
nhu duoc thé hién & Hinh 1. Nhu vy véi mdi mot
doan day neo, cac phuong trinh (1), (2), (3) c6 thé
dugc st dung dé md ta hinh dang.

Dé dam bao cac phan doan day neo lam viéc dong
thoi, day neo co tinh lién tuc, cac phuong trinh sau can
phai thoa man:

X1,i = X0,i+1 Q)
Z1,i = 20,i+1 (6)
Ty;-cos0y; —Tpip1-C0SHg;41 =0 (7

P+ Ty siny; —Tovq - SinBoiyq =0 (®)

izao =h ©)

i=1

O day, P; l1a trong luong cua vit treo thir i. Céac
dai luong Ty ;, 60, 111,61, 1an lwot 1a Iyc cang, goc
nghiéng day neo tai vi dau va cubi ctia phan doan day
thtr i.

Céc cong thirc (5) va (6) dam bao toa d diém cubi
cung ciia phan doan day thtr i va toa do diém dau tién
cua doan day thor i + 1 1a nhu nhau. Cong thtrc (7) va
(8) lan luot 1a diéu kién can bang lyc tai vi tri dat vat
treo theo hai phuong X va Z. Cong thirc (9) 1a diéu
kién thé hién d6 sau khu nuéc bang tong “chiéu cao”
ctia mdi phan doan day, dugc xac dinh béng toa do theo
phuong Z tai diém cudi ciing ctia phan doan day.

2.2. Phwong phdp tinh

Noi dung phan nay trinh bay phuong phap tinh
toan diy neo don trong trudng hop cé vat treo bang
phuong phap sé st dung ham fsolve xdy dung trén
Python. Nhu di trinh bay & trén, mdi phan doan day
¢6 thé coi nhur mot day neo don doc lap. Tir cong thirc
(1) va (2) c6 thé thay rang, trong thiét ké so bo, sau
khi d4 chon dwoc duong kinh, khéi lugng 7m dai dudi
nuéc va chidu dai mdi doan day, ddi voi mdi phan
doan day chi can xac dinh dugc gia tri goc nghiéng
day neo tai vi tri dau day 6, ;, hinh dang ctia doan day
¢6 thé tim duoc, tir d6 c6 thé xac dinh dugc cac dai
lugng quan trong khac nhu lyc cang day, luc néng,...

Tir cac phan tich ¢ trén, nhom tic gia dé& xuét
phuong phap tinh toan day neo co vt treo vai cac gia
thiét co ban nhur sau:

Ky thuat va Cong nghé Hang hai

- Chiéu sau khu nudc h, chiéu dai mdi phan doan
day I; va khéi luong don vi dudi nudc cia 1m dai
day w va cac thong sd vat liéu day neo dugc an dinh
trude. An sb can tim 1a goc nghiéng cua ddy neo tai
dau mdi phéan doan;

- Bo qua tac dong cua dong chay 1én day neo, day
neo chi chiu tic dong cia tai trong tinh khong doi H
truyén xubng tir vat nbi. Nhu vy phuong trinh (7)
ludén thdéa man.

- Cac phan doan day gidi han boi cac vi dat vat
treo dugc coi la mot doan day neo don chiu tai trong
ngang H tai vi tri cao nhit. Toa d diém thip nhat
ctia phan doan day thtr i dugc lay bang toa do cua
diém cao nhét cua phén doan day thuo i — 1, nhu da
trinh bay & cong thirc (5) va (6);

- Khi tinh toan cho mdi phan doan day, géc toa do
duoc 1o t6i vi tri diém dau tién (thip nhat) ctia phan
doan day;

- Vi gia thiét lyc ngang do dong chay tac dong
1én mdi doan day rat nho, duoc bo qua, mébi quan hé
giita goc nghiéng dau, cudi mdi phan doan dugc thé
hién ¢ cong thirc (10). Tir cong thire (4), (8) va (10),
mdi quan hé giita goc nghiéng dau phan doan day thi
i +1 va phan doan day thtr i thu duwgc nhu trong
cong thue (11).

0,; = arctan (W) (10)
Htan 0y ; + wl; + P;
Bo,i+1 = arctan ( OllH - l) (11)

- Gia tri goc nghiéng day neo c6 thé dwoc giai tir
phuong trinh trong cong thirc (9). Cac phuong trinh
trong cong thirc (1) va (11) lan luot biéu dién chiéu
cao ctia mdi phan doan diy va mdi quan hé giita goc
nghiéng dau cic phan doan day. Do d6 chi can xéac
dinh dugc goc nghiéng day neo tai ddy 6y, cic goc
nghiéng dau diy cua cac phan doan day khéac co thé
duoc suy ra tir hé phuong trinh (12). Ttir d6 hinh dang
cua ca day neo dugc xac dinh.

zn: z(l) = h

i=1 (12)

Htan@oi +Wll +Pl
t@oﬂl = arctan ( . T )

- H¢ phuong trinh (12) 1a hé phuong trinh chu
dao cén duoc giai dé thu duoc hinh dang va Gng Xt
cua day neo trong truong hgp cé vat treo. Day chinh
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1a ndi dung cbt 16i cia phuong phap duoc dé xuat
trong bai bao nay.

Nhu di trinh bay ¢ trén, hé phuong trinh (12) la hé
phuong trinh phi tuyén phirc tap chi c6 thé thu dugc
10i giai bang phuong phap sd. Trong ndi dung bai bao
nay, nhom tc gia d& xuat sir dung bo giai fsolve - mot
bd giai mién phi thugc thu vién ma ngudn mé SciPy
(Python). Pay 1a cong cu chuyén dung dé tim nghiém
clia hé phuong trinh phi tuyén, dugc xdy dung dua
trén thuat toan Modified Powell Hybrid. V& nguyén
tac, day 1a mot phuong phap s dang lip (iterative
method) két hop uu diém giita toc d6 hoi tu bac hai
clia phuong phap Newton-Raphson va tinh 6n dinh
toan cuc cua phuong phap Gradient (Steepest
Descent). Cu thé, thuat toan sir dung co ché "vung tin
cdy" (trust region) dé tu dong didu chinh chién luoc
tim kiém tai mdi budc lap qua do giup fsolve khic
phuc dugc nhuge diém dé bi phan ky cia phuong
phap Newton truyén thong khi giai cac bai toan cé tinh
phi tuyén cao.

Fsolve ¢ uu diém 1a mién phi, tdc d6 hoi ty, xir Iy
nhanh, 6n dinh, két qua dang tin cay. Chinh vi vay
fsolve rat pht hop v6i bai toan can bang tinh ciia day
neo trong truong hop cd vit treo.

Nhu véy, cac budce cu thé cua thuat toan nhu sau:

(1) Xac dinh s6 liéu dau vao: Chiéu sau khu nuée
h, tai trong ngang H,

(2) An dinh s6 liéu dau vao: Chiéu dai day neo /,
ban kinh day neo d, $6 lugng, vi tri va trong lugng cua
vat treo P, [;;

(3) Thiét 1ap hé phuong trinh phi tuyén can bang
tinh dua nhu cong thic (12);

(4) St dung fsolve dé gia hé phwong trinh phi
tuyén va xuat két qua bao gém luc cing day tai cac vi
dac biét, lyc nang rua neo, goc nghiéng day neo,...

3. Vi du tinh toan

Noi dung phan nay sé trinh bay cac vi du tinh toan
dé kiém tra tinh kha thi va ding dan ciia phuong phap
tinh toan duoc dé xuat ¢ trén. Két qua tinh toan dugc
kiém chudn bang cach so sanh véi két qua sir dung
phuong phap phan tir hitu han da dugc cong bd trong
cac bai bao trude do [9, 10].

3.1. Vidu 1: Tinh todan ddy neo don co 1 vit treo

O vi du nay, day neo don cua vét ndi c6 gén vat
treo duge xem xét voi cac thong s6 cho & Bang 1. Vat
treo duoc dat cach ria neo 5m doc theo chiéu dai day.
Day neo sir dung lam bang vat liéu thép c6 mo dun
dan hoi E = 2,1e7 (T/m?).
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Bing 1. Théng sé dau vao ciia vi du 1

Tham s6 Gia tri Pon vi
Chiéu dai day neo 1 20,0 m
Duong kinh day neo d 0,1 m
Chiéu sau nuée h 9,5 m
Tai trong ngang H 2,0 T
Trong lrong vdt treo Py 0,5 T

Déi v6i truong hop c¢6 1 vat treo, diy neo dugc
chia lam 2 doan /;=5m, [,=15m. H¢ phuong trinh ap
dung cho tinh toan dugc biéu dién nhu sau:

{ H tan 90’1+wll+P1) (13)

6,, = arctan (
0,2 H

Trong d6 z(l;) duogc tinh toan cu thé theo cong
thirc (1). 6y, la goc nghiéng day neo tai day, 6y, la
goc nghiéng tai dau phan doan day thir 2 (vi tri gin
vt treo).

Hé phuong trinh trén dugc giai bang ham fsolve,
v6i goi ¥ nghiém 14 0,3 14rad. Két qua tinh toan cho &
Béng 2. Thoi gian tinh toan 1a khoang 0,2s. Bén canh
d6, so sanh véi két qua tinh toan biang phuong phap
phan tir hitu han cho thay, két qua thu dugc tir phuong
phap dé xuat trong bai bao nay hoan toan khép so véi
két qua thu dwoc tir phuong phap phan tir hiru han.

Bing 2. Két qua tinh todn ciia vi du 1

, Gia tri Sai s6

Tham so
fsolve FEM (%)
0 1(rad) 0,120 | 0,120 0.0
To,1(T) 2,01 2,01 0.0
0y 2(rad) 0,468 0,468 0.0
T, ,(T) 2,70 2,70 0.0
S(m) 17,16 17,16 0.0

—— Mooring line
A Sinker
@ Clump weight
8 B Floating body

Z (m)

0.0 25 5.0 7.5 10.0 12.5 15.0 17.5
Horizontal Distance (m)

Hinh 2. Hinh dgng ciia ddy neo co 1 vit treo
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Hinh 2 thé hién hinh dang ctia day neo. C6 thé thy
réng tai vi tri dat vat treo, diy neo bi chia thanh hai
phan doan day rét rd rang. Khoang cach theo phuong
dtng tinh tr vi tri ria neo dén vat ndi thu duge béng
9,5m, diing bang chiéu siu nudc. Qua d6 khing dinh
tinh dung din cta két qua, mo hinh duoc kiém chuan.
3.2. Vidu 2: Tinh todn ddy neo co 2 vit treo

Muc nay trinh bay ndi dung tinh toan day neo don
trong truong hop c6 2 vt treo. Cac thong sd cua day
neo tuong ty nhu trong vi du 1, thém mot vat treo
P>,=0,5T duoc gén vao day neo tai vi tri cach vat treo
thir nhit mot doan 5m doc theo chiéu dai day. Day
duogc chia lam 3 phan doan /;=5m, [,=5m, I3=10m. H¢
phuong trinh ap dung cho truong hop nay nhu sau:

z(l) +2z(l) +z(l3) =h
Htan 6y 1+wlq+Py
)
Htan 6g +wly+P;
)

6y, = arctan (

(14)
k00,3 = arctan (

Hé phuong trinh trén ciing duoc giai bing ham
fsolve, v6i goi y nghiém 14 0,3 14rad. Két qua tinh toan
cho ¢ Bang 3 va Hinh 3 cho thiy két qua cta phuong
phap d& xuét gan nhu khép hoan toan vai két qua thu
dugc tir phuong phéap phan tir hitu han (sai s6 16n nhét
12 0,6%), hinh dang day neo thu dugc 1a hop ly.

Bing 3. Két qui tinh todn ciia vi du 2

. Gia tri Sai s
Tham so
fsolve FEM (%)
0,1(rad) 0,0336 | 0,0334 | 0,6
To,1(T) 2,00 2,00 0,0
T, 3(T) 2,93 2,93 0,0
S(m) 16,77 | 1677 0,0
04— Mooring line
A Sinker
@  Clump weight 1
81 @ Clump weight2
B Floating body

00 25 50 75 100 BR5 150 175
Horizontal Distance (m)

Hinh 3. Hinh dang ciia ddy neo truong hop co 2 vit treo

3.3. Vidu 3: Tinh todan ddy neo don co 3 vit treo

Dé kiém nghiém kha nang 4p dung cta phuong
phap, phan nay trinh bay noi dung tinh toan day neo

Ky thuat va Cong nghé Hang hai

don trong trudong hop c6 3 vt treo. Két qua thu duoc
s& dugc dbi sanh véi két qua thu dugc tir mé hinh
Sap2000 xay dung dya trén co sé ciia cong bd sb [9].

Céc thong s cua ddy neo twong tu nhu trong vi du
2, thém mét vat treo P3=0,5T duoc gén vao day neo
tai vi tri cach vat treo thir hai mdt doan 5m doc theo
chiéu dai day. Day duoc chia 1am 3 phan doan /,=5m,
I=5m, I3=5m, l;=5m. H phuong trinh ap dung cho
truong hop nay nhu sau:

z(l) +z(L) +z(13) +z(lL) =h

Htan 6y 1+wlq+P;
6,2 = arctan (#

H
Htan 6 ,+wl,+P; 15
6,3 = arctan (—0’2 2 2) (15)
: H
Htan 6y 3+wl3z+P:
| 6o, = arctan (M)
: H

Hé phuong trinh trén ciing duoc giai bang ham
fsolve, voi goi y nghiém 14 0,3 14rad. Két qua tinh toan
cho & Bang 4 va Hinh 4 cho thay két qua cta phuong
phap d& xuit khép hoan toan véi két qua thu duoc tir
phuong phap phan tir hitu han, hinh dang day neo thu
duoc 1a hop ly. Mot diéu déng luu 13 6 2 vi du 2 va
3 déu co thoi gian tinh toan rt nhanh, khoang 0,3s.
Tir d6 ¢6 thé két luan phuong phap dé xuat hoan toan
phu hgp véi bai toan tinh cua day neo don chiu tai
trong ngang khong dbi véi s luong vt treo bat ky.

Bing 4. Két qua tinh todn ciia vi du 3

o Gia tri Sai s
Tham so
fsolve FEM (%)
0 1(rad) 0,0032 | 0,0032 0,0
To.(T) 2,00 2,00 0,0
T1 4(T) 3,27 3,27 0,0
S(m) 16,53 16,53 0,0
10 ]/ = Mooring line
A Sinker
®  Clumpweight |
51 @ Clumpweight 2
®  Clumpweight 3
64 M Floating body

00 25 50 75 100 125 150
Horizontal Distance (m)

Hinh 4. Hinh dang ciia ddy neo truong hop co 3 vit treo

4. Két luan

Bai bao da dé xut thuat toan st dung mo hinh sb
hiéu qua trong viéc tim nghiém gin dung cua hé
phuong trinh phi tuyén x4y dung trén nén tang Python
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dé giai quyét bai toan phan tich tinh day neo don c6
gén vat treo. Thuat toan dugc minh hoa vdi ba truong
hop c6 mot, hai va ba vat treo. Két qua tinh toan tur
phuong phéap dé xuit di dwoc kiém chuan bang cach
so sanh, d6i ching véi két qua thu duogc tir phuong
phap phan tir hitu han. Viéc so sanh cho thiy két qua
cua hai phuong phap 1a hoan toan nhu nhau. Dya trén
céc két qua tinh toan va so sanh ddi chimg, nghién ctru
rit ra cac két luan chinh sau:

- Phuong phap dé xuat giai quyét triét dé van dé
gian doan hinh hoc ctia diy neo tai cac vi tri treo vét.
Viéc su dung b gidi fsolve véi thudt toan Modified
Powell Hybrid cho phép giai hé phuong trinh phi
tuyén mot cach nhanh chong va 6n dinh ma khong can
cac budc lap thu cong phirc tap.

- P tin cdy cua thuat toan di duoc kiém ching
thong qua so sanh véi phuong phap phan tir hiru han
(FEM). Két qua cho thiy cac théng s6 quan trong nhur
luc cang, goc nghiéng va hinh dang day neo 1a hoan
toan trung khép.

- Uu diém vuot troi cia md hinh nay 1a cong cu
mién phi, tdc do tinh toan cuc nhanh va yéu clu tai
nguyén may tinh thap (két qua thu dwoc chi sau
khoang 0,2+0,3s). Diéu nay dic biét c6 y nghia trong
cac bai toan thiét ké t6i wu (sir dung cac thuat toan nhu
PSO, GA) noi can thyc hién hang nghin phép tinh lap
lai, gitp tiét kiém chi phi thoi gian va ban quyén phan
mém so v&i viée sir dung cac phan mém thwong mai.

Trong twong lai, mé hinh nay ¢6 thé duoc mo rong
dé phan tich cho hé thdng neo da thanh phan phtc tap
hon, tai trong phurc tap hon c6 ké dén tac dong cia dong
chay, tai trong dong hodc tich hgp vao cac module tinh
toan toi wu héa ty dong cho cong trinh ndi.

Lo1i cam on

Nghién ctu nay duogc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong d¢ tai mi s6: DT25-26.103.
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