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Tom tat

Phan (rng dong luc hoc clia hé théng dworng dng - phao ndi dwa trén phwong phap toa do nat tuyét déi
(Absolute Nodal Coordinate Formulation: ANCF) da dwgc nghién ctru trong bai bao nay. Dwa trén nguyén
ly bién ddi ndng lwong, ma tran dd ctvng, ma tran khéi lwong va ma tran ngoai lwc clia cac phan tir da
dwoc xay dwng. Qua trinh tinh toan mé phéng dwo’c thye hién trong mdi trwrdng Matlab. Dwéi tac dung
clia ngoai lyc 1én hé théng dwdng éng - phao ndi nhw chuyén dong clia tau, séng bién da dwgc thye hién
bang phuong phap ANCF. B chinh xac va dang tin cay cua phuong phap ANCF cho thay rang né hoan
toan co thé mo phéng két cau bién co bién dang I&n véi sb lwong phan t& it hon so véi cac phuong phap
tinh toan khac.

Twr khéa: Phuong phép toa do niit tuyét déi (ANCF); duong éng - phao néi: diém miuit.
Abstract

The dynamic response of the flexible riser - buoy system based on the Absolute Nodal Coordinate
Formulation (ANCF) method has been studied in this paper. Based on the principle of energy conversion,
the stiffness matrix, mass matrix, and an external force matrix of the elements were constructed. The
simulation calculation process was performed in the Matlab environment. Under the effect of external
forces on the flexible riser - buoy system such as the ship’s motion, wave force carried out by ANCF
method. The accuracy and reliability of the ANCF method exhibit that it can completely simulate a large
deformation structure in ocean engineering with fewer elements.

Keywords: Absolute nodal coordinate formulation (ANCF); flexible - buoy; end node.
1. GIO'I THIEU CHUNG

Hé théng dwong éng - phao nédi la mét trong nhirng
van dé thach thirc trong k¥ thuat bién [1]. Hé théng
dwodrng 6ng linh hoat c6 chirc ndng chinh la truyén
tdi cac chéat 16ng nhw dau, khi hoa léng va cac
ngudn hydrocacbon khac tir cac giéng khoan dui
nwéc dén cac gian khoan ngoai khoi hodc cac co

Nghién ctvu hé thdng duwerng dng linh hoat hién nay,
chd yéu bao gdm cac phuong phap nhu khéi lwong
cuc bd (Lump - Mass Method: LMP) nhw Chen and
Wang [2] ,Chai YT et al [3], phwong phap phan t&
hiru han (Finite - Element Method) nhw McNamara
et al [4], Yazdchi [1].

Phuong phap ANCF dwoc dwa ra béi Shabana [5],

s@ trén bd. Trong céac trng dung & do sau vira phai,
chung thuwong duoc s& dung nhw mét cau tric
nhdy bac lién két véi phao néi dé& giam (rng suét
cho chuyé&n déng gay ra béi phan éng thang ding
bén dwéi mat nwéce.

Ngudi phan bién: 1. PGS. TS. Hoang Van Got
2. PGS. TS. Tran Vé Quéc

dya trén phwong phap co hoc lién tuc va ly thuyét
vé phan t& hiru han phi tuyén. Cho dén nay né da
dwoc ng dung rdng réi trong cac linh vue ky thuat
co khi, déng Iwc hoc, ky thuat hang khéng vi try
nhw: Cepon et al [6], Bulin et al [7], Yue et al [8].
Ung dung trong vat liéu Composite nhw Shen et al
[9], cac m6 hinh s@i mém trong khdng gian ba chiéu
nhw Obrezkov et al [10].
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Phuwong phap ANCF gan day da duoc nghién ciru
dé rng dung md phéng tinh toan déng lwc hoc
trong linh vwc dai duwong, Zhang et al [11] da rng
dung phuong phap dé tinh toan hé thdng neo va
cho thay rang phuong phap ANCF tinh toan chinh
xac khi phan tich tinh va dong déi véi két cau
nuwéc sau bién dang Ién. Ma va Sun [12] da m6 ta
cac dac diém cla hé neo c6 dd quay I&n va bién
dang kéo trong khéng gian ba chiéu bng phwong
phap ANCF va cho thay r&ng phuwong phap nay cé
dd chinh xac va héi tu cao hon bang cach phan
tich tinh.

2. MO HiNH BONG LY'C HOC CUA BUONG ONG
DUA TREN PHU'ONG PHAP ANCF

2.1. Toa d6 va tham sé ctia phan to

Trong phwong phap phan tlr hiru han, két ciu
dugc chia thanh cac phan tir, sé lwgng nut va sb
toa do ctia méi nat trén moi phan t&r dwoc xac dinh
b&i loai két cAu va mirc d6 bién dang tw do dwoc
xét dén, anh huéng 16n dén dd chinh xac cla bai
toan mé phéng. Déi v&i phan t&r chum ba chiéu,
toa do6 cta mdi nat sé c6 12 thanh phén: 3 thanh
phan chuyén vi, 3 thanh phan quay va 6 thanh
phén bién dang.

]

' 4“"__.‘ o '|
X, / > el 4

Hinh 1. M6 hinh ddm 3D

Hinh 1 thé& hién md hinh phan t& dam 3 chiéu (3D)
véi hai nat j and k, vécto toa d6 cua nut j duwoc
miéu ta nhw sau:

T
)] (1)

J
7 x3

e J=[rj r/ -

x1

Trong do:
rJ vécto vi tri clia nat j trong toa d6 tbng thé;

ri,, T/ rl cac vécto nghiéng vi tri, dwoc phan biét

b&i vécto vi tri 7/ trong toa do khoéng gian twong
’ Y i j j i1T z .
ong la x/ = [x{ x; x;] . Do d06, vécto toa
dé cla nut j la:

1
e :{r’l P o

ol
....... < @)
ox, 0x,

Do do, trong phwong phap ANCF, méi phan t& dam
3D c¢é 24 nut toa dd tuyét doi:

ez[ e e e, i| 3)

Déi v&i két cdu duong bng linh hoat, bién dang

cét va bién dang xoan dwoc bd qua [13,14]. Do
do, sb lwong toa dd trén méi nit sé& giam tr 12
con 6 thanh phan, v&i 3 thanh phan dau Ia chuyén
vi, 3 thanh phan sau la quay. Trong phuong phap
ANCF, goi ¢ la toa d6 cla hai nut trén mot phan ti
dam 3D, tic 1a né sé& co6 12 thanh phén:

q=19,9,q,]" (4)

Vécto vi tri clia méi phan ttr ddm 3D dworc biéu thi
bang da thirc ndi suy nhw sau:

2 3
a, +a1xl + a,Xx, + a,x,

iy )

r=\n|=| by +bx, +bx’ +bx’ (5)
2 3
5 ¢ Tox +6,x" +0x,

Ngoai ra, mai lién hé gitra toa do tuyét doi ¢, va
vécto vi tri » dwoc thé hién nhw sau:

4, | g |

9, |=17(0,0,0),| g5 | =r;;(0,0,0)

L 95 | 9 |

" . ®)
gy | =r"(1,0,0),| ¢, | =r;(1,0,0)

L 499 | 9 |

Véi I, x la chidu dai clia phan tir va d6 cong cla
phan t& trong toa dd téng thé,x €[0./], vécto
nghiéng vi tri 7 va toa do nut tuyét ddi ¢ dwoc biéu
thi thdng qua ham hinh dang nhw sau:

Py = P (7)
V@i S la ham hinh dang Hermite dugc thé hién
nhw sau:

S=[SI LS;I S3I LS, (8)
Trong do:

ilama tran don vi 3 x 3;

ham S, §,, S, va S, dugc dinh nghia:

8, =1-38 428, §,=¢E-28+¢&° ©)
8, =328, 8, ==& +¢

Vei E=x/1, (e[O,l], X va [ la dé cong cla toa
do, chidu dai ca phan t& dam, x=[0,[].

T c6ng thirc (7) cho thdy sw chuyén dbi gitra toa
dd cla cac nat va toa do tai bat ky diém nao trén
phan ttr. N6i cach khac, néu biét toa do tuyét ddi
¢ ctia mdi nat, thi vécto vi tri clia tat ca cac diém
trén phan tir c6 thé nhan dwoc théng qua ham hinh
dang noi suy Hermite, c6 thé md phong tbt hinh
dang cong phtrc tap khi bién dang clia cac két ciu
linh hoat va giai phap ndi suy gan ding dwoc dam
bdo chinh xac v&i nghiém thwe khi dd sé lwong
phén tcr.

2.2. Néi lwc va ngoai lyc téng quat

Luc tac dung Ién két cdu bao gdm ndi lvc Q,, ngoai
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Iwe Q, va lwc quan tinh F . Déi v&i két cdu dudng
éng, néi luc Q, bao gom thanh phan bién dang dai
va thanh phan bién dang cong. Dwa trén nguyén
ly cong &o, cong &o cla lyc dan hoi Q, trén mot
phan to la:
L
SW, = f EA&beds + f EIK, 0K, ds
0

(10)

Trong do:

L chiéu dai cta két cAu;

E modun dan hoi;

A dién tich mét cat ngang;

I mdémen quan tinh;

K, d6 cong cua chét diém;

¢ d6 dan dai;

ds chiéu dai vé cung nhd cla két cau.

Twong tw ndi lwc, cong do ctia ngoai lwc tdng quat
SW, la:

5We=—ff-6rds (1)

Trong dé:

/ngoai lyc tbng quat.

Két hop vai bién lwong chuyén vi nit, thanh phan
bién dang va chuyén vi dwoec tinh la:

_ o _ g gy O
6 = £6q, 6K, = 72 6q, 6r = 6q6q (12)

Trong p‘hén tich tinh, dé I&n cua ngoai lyc va noi
Iwc la bang nhau, do dé:
L

L L
fEA a£5d+fz~:11<a 8qd f O seds=0  (13)
Saqqs a qS faqqs_
0 0 0

Hay

fEA % 4 +f511< e 4s ) s f O 45| sqg =0 (14)
an s “3q s |6q f 3 s 16q =
0 0 0

Viét gon nhu sau:

Qs T(Sq - Qe Taq =0 (15)
Vi
L a L 0K,
T _ o¢ (16)
Qs fEAsaqu+fE1K 3 ——ds
0 0
L
(17)

r ard
Qe _Of aq S

Chuyén vi cé:

o f eae(2)

T

L
d +f511< (aK")Td (18)
s \5g) @
0
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L

_ (6r)T J
0= | (55) fs
0 Y
2.3. Xay dwng ma tran dd clrng cuia phan to

Ma tran do clrng K dwore tinh theo dao ham clia ngi
lwe Q, theo nut toa d6 g nhw sau:

= ‘;‘f; - ;q ( f Ede (g;)r dx) +aa—q< f FIK, (a;;) > (20)

Luc cang doc truc € va dd cong K cta dam bién
dang l&én duwoc tinh theo:

e=lr'|-1=4rTr'-1

x| (22)
P
Trong cong thirc (20), goi thanh phan th» nhat la
do clrng dan dai doc truc K, thanh phan thér hai la
do cirng udn cong K,. Do do thanh phan K, dwoc
biéu thi la:

L L

K1=% fEAe (g—;)de =f<EAZ—;(Z—;)T>dx+ (23)
0 0

(19)

(21)

Trong dé:
e=rr' =1, r=8q. V&i Sva ¢ 1a cac bién doc lap,
do d6 co:

r_ 6

a S "
—q—S = =5-4=5q1"=5"q (24)
Suy ra:
‘;_; _g (25)
Suy ra:
Tsi (o STy
i —1) =2 ( ) = (26)
q( ) JriTr’ \agq Vi
i(ﬁ) Sy s oe
ag\aq) ~rm7 T aq (27)
_ﬂ_;.(a_s) e
VR T IT:

Do do, K, dwoc tinh nhw sau:

o= | (Ea () Yar+
b 9q\aq) )

’ (28)
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Thanh phan X, 1a:

L
a oK,
Ko =5q\ | ElK (aq) dx

0

- f <E166—12°(6612K>T> dx + f (EIKK aa (aax) )dx

0 0

(29)

T K, va K, thu dwgc ma trén d6 cirng K= K, + K,
2.4. Xay dwng ma tran khéi lwgng va ma tran
ngoai lwc

Dwa trén phwong phap ANCF, ma tran khéi lwong
phan t& khong c6 phép bién dbi toa do, cac thanh
phan clia ma tran la hang sb. Do d6, ma tran phan
tlr clia dwdng édng M dwoc tinh bdi [15]:

M= fpSTde (30)

Trong do:

L chiéu dai cGa phan ti;
p mat d6 khéi luong;

S ham hinh dang Hermite.

Thay ham hinh dang Hermite vao céng thirc (30)
thu duwoc:

9
e 210™ 0™ 220 ™
L Pl 12mi
m=|20 1057 m0" T1a0" ™| (39)
, 3 13 o
70m 20 ™ 35" 0"
13 il ——L i Lmi 12ml
20™ T ™ Tzi0 ™ qo50 ™
Trong do:

m khéi lwgng phang t;
I ma trén don vij 3x3.

Ma trén ngoai lyvc dwgc tinh nhw sau:

L T L
d
0. = f (é) fds = J ST fds (32)
0 0
V&i fla ngoai luc tac dung theo truc x, y va z.
Do dé'
f[LSZ ]ds (33)
LS,I

DPéi VO’I két cAu linh hoat trén bién, khi phan tich
tinh, ngoai lwc tac dung la:

f=fot+h
Véi fo =

(34)

—(prAy +piAi)gey va fr= psAogey |én |U’0’t la

trong lwc va lyc ndi trén mbi phan tkr. 4, , 4, va
4, 1an luot 1a dién tich mat cat ngang, dién tich
bén trong va dién tich bén ngoai ctia két cau. p, p,
va p lan luot la mat d6 khéi lugng clia két cau, mat
dd nuwéc trong 6ng va mat do nwéc bidn. g la gia
tdc trong trwong, e la vécto don vi theo phwong y
A LR Yz
trong toa do tong the.

Trong phan tich dong, ngoai lwc bao gom:

S =Tt L e T Swren * Lo
Trong do:

Suoer Sourren VA Sy 180 lUOt 13 e clia sONg, luc
déy clia dong chay va lwc chéat 16ng bén trong éng,
ap dung cdng thirc Morrison:

(35)

1 ) )
fvave(s,t) = EPstDN(VS —)IN(v, — )| +

(36)
+p3AyCuN (U, — 1)
Forens(5,8) = 3 p.CaDN i, — DN G, — ) - @37)
pSAOCmN(uS —7)
friow = —piAiNT (38)
Trong do:

C,,C, la heé sb lyc day va hé sé khéi lwong tang
thém. 7, ¥ 1a van téc va gia toc clta két cau. D, u,,
i, v, va v, 1an lwot la dwong kinh két cau, van téc,
gia toc clia chét 16ng, van téc va gia tbc cia séng.
N 1a ma tran chuyén dbi ba chiéu.

2.5. Phwong phap tinh

Trong phéan tich tinh, ap dung phwong phap lap
Newton - Raphson dé& tinh phwong trinh can
béng, v&i mdi chuyén vi vé cling nhé, dwoc tinh
nhw sau [16]:

Qe - Qs (q(n))
K(q™)

q(n+1) — q(n) + Aq(n)

Aq™ =

Trong do:

Noi lc Q, Ia ham s ciia chuyén vi g;

Ngoai Irc Q, bao gém trong Iurc va Iurc ni clia két cAu;
K 1a ma tran dd ctng phan ta.

Phwong trinh chuyén déng vi phan téng quat la:

Mi(t) + C4(t) + Kq(t) = F(t) (41)

Trong phan tich dong lwc hoc, ap dung phuong
phap Newmark dé tinh, chuyen vi, van téc va gia
tdc clia chéat diém tai thoi diém  va 1 + At la:

. 1 v
Qevae = G T q:AL + [(E - a) G + a‘hmt] At? (42a)
Qe = [(1 = 0)q¢ + 0ipypelAt (42b)
. 1 .
Qreat = At2 —— (Qeane = ) — th - (% - 1) qt (42c)
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Trong doé:

a va d 13 hé sé lién quan dén sy chinh xac va én
dinh. Khi & = 0,5 va a =0.25(0.5+ 6)? thi phwong
phap Newmark &n dinh hoan toan.

Phwong trinh chuyé&n dong tai thei diém ¢ + Az 1a:
MGesar + Cqrsar + Krae = Froae (43)
Thay cbéng thirc (42a), (42b) va (42c) vao cong

thirc (43), duwoc:

1 8
(K+_M+Ec)‘h+m =

alt?

= Ft+At+M[ﬁfh+L‘?t + (i 1) fh]"‘

alt 2a

+C[ g+ (5-1)g. + (2 1)Atijt]

(44)

3. PHAN TiCH DONG LYYC HOC CUA HE THONG
DUONG ONG - PHAO NOI

Hé théng bao gébm c6 3 phan chinh (Bang 1 va
Hinh 2): phan 1 1a dwdng 6ng thang dirng, c6 chiéu
dai 100,0 m, dau dudi dwoc cb dinh véi day bién
tai diém B, dau trén dwoc lién két véi mot phao ndi
tai diém C; phan 2 [a mot phao ndi 1am cau ndi va
lien két voi hai duwong 6ng; phan 3 1a dwong dng
ndm ngang, co6 diém trén cung dwoc ndi véi tau tai
diém A, va dau duwéi lién két véi phao ndi, ca hai
diém co thé quay tw do. Gdc toa do dat tai diém
B, chiéu dwong y huéng 1én trén mat bién, chiéu
dwong x tir trai sang phai.

3.1. Phan tich tinh

Trong phan tich tinh, hinh dang cla hé théng duoc
so sanh b&i hai phwong phap. Trong phwong phap
phan t& hitu han cta Yazdchi et al.[1], hé théng
dworng éng dugc chia thanh 4 phan tir co chiéu dai
la 5,0 m, 21 phan tt c6 chiéu dai 10,0 m. Trong khi
do sé phan t&r dwgc chia trén méi dwdng dng trong
phuwong phap ANCF dwoc chia thanh hai trwdng
hop (5 phan tlr va 8 phan tt). Trang thai tinh cta
hé théng duwoc thé hién trong Hinh 3, né cho thay
khi tau nam cach vi tri 120,0 m thi hinh dang ctia hé
théng 1a nhw nhau déi v&i 5 phan tir va 8 phan to.
Khi tau dich chuyén vé phia gdc toa dd mét khoang
40,0 m thi né co sy sai khac gitra 5 phan tt véi 8
phan t&r. Khi s6 phan tt 1a 8 thi né hoan thoan triing
khép véi hinh dang clia Yazdchi et al [9], 6 su sai
khac khi s phan tir bang 5, nguyén nhan 1a khi s&
phan tir béng 5 thi khoadng cach gitra cac nut la Ion,
I&n lwot trén hai dwong 6ng 1a 20,0 m va 26,0 m,
dan dén ham sb miéu ta vi tri #(x) = S(x)q cb sy sai
khac, nhuwng né rat nhé (quan sat trong Hinh 3). Vi
vay, trong phan tich déng, d& dam bao dd chinh
xac, s6 phan t& dwoc lwa chon dé phan tich 1a 8.

Bang 1. Thong sé hé théng dudng 6ng - phao ndi va
mobi truong

Téng chiéu dai dwong éng 230,0m
Chiéu dai tir day bién dén phao ndi | 100,0 m
Chiéu dai tir phao ndi dén tau 130,0 m
BPuwong kinh ngoai 0,26 m
BPuwong kinh trong 0,20 m
Do cirng ubn (El) 20,96 x 10° Nm?
Do clrng doc truc (EA) 15,38 x 108 N
Mat do nwée biégn 1025,0 kg/m?®
Trong lwong khé/1 m chiéu dai 57,5 kg/m?®
Chiéu sau nwéc 150,0 m
Khéi lugng phao néi 6.000 kg
Lwc ndi theo phwong thdng dieng | 300 kN
Puwong kinh phao ni 3,0m
Chuyén dong cla tau la:
Theo hwéng ngang 4 sin(0.393t)
Theo phwong thang dirng 6 sin(0.393t)
Chiéu cao séng 20,0 m
Chu ky séng 16s

" 80.0 m .

MWL Vessel
- A
Buoy
B Ce.
Flexible - riser
¥ B | Seabed connection

Hinh 2. M6 hinh hé théng duong 6ng - phao ndi

S O L T T R - I
—C— ANCF 5 Elements
== ANCF 5 Flements
—a— ANCF B Flements
=#= ANCT B Elemenls

150

= = Yazdchi 2002

100 - s .
= e PR SRERE
- /

50 - o e / .

\ /
0 L -

A S RSN Iy [ | T S T [N - |

0 20 40 60 80 100 120
x/m

Hinh 3. Trang thdi tinh cda hé théng khi tau & vj tri
80 va 120 theo phuong x
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Hinh 4 thé hién lyc cang doc truc trén hai dwong
ong, Hinh 4 (a) la lyc cang doc truc trén dwong
ong thang dirng, gia tri clia lwc cang la tang dan

230

I

b

=
T

Effective Tension / kN
(]
=
T

§

e I (S i U S s |
0 20 40 60 80 100
Arc Length /f m

(a) Buong 6ng thang dimng

theo chiéu dai ctia dwdng dng (ttr vi tri day bién
dén phao néi). Hinh 4 (b) la lwc c&ng doc truc trén
duwdng 6ng ndm ngang, noé co gia tri nhd nhét [a
6,82 kN tai vi tri 32,5 m (vi tri uén cong nhéat).

()
=1

~

20

Effective Tension / kN

L=3

i i

100

) T

|
0 20 40 60 80
Arc Length / m

120

(b) Budng 6ng ndm ngang

Hinh 4. Luc cdng doc theo dudng 6ng dirng va 6ng ndm ngang

3.2. Phan tich dong

Trong phéan tich dong sé xét hai trwong hop:
Truwdng hop 1, hé théng dwdng éng - phao ndi chiu
tac dung khi tau chuyén déng theo phwong ngang
x v&i phwong trinh x = 6 sin(0,393t), theo phwong

d i 1
150 MWL Vessel motion only
100 Ruoy
- I
- z
—
m .1
50 i
— 125
145
 —
0 Sea hed conncetion
Ll 1 | Ll y | = .

20 0 20 40 60 80
x/m

100 120

(a) Chi ¢6 tau chuyén déng

thdng ding y = 4 sin(0,393t). Trwong hop the 2 1a
ngoai s chuyén déng clia tau, ngoai lwc clia séng
bién chuyén déng c6 quy téc véi bién do 1a 20,0 m
va chu ky la 16,0 s dwgc ap dung. Qua trinh tinh
toan moé phéng dwoc thwe hién trong khoang thoi
gian 200 s, bwéc thoi gianla 1 x 10+ s.

Wave load and vessel mation
MWL
150 =

100

y/m

50 -

L 1 PR ST VA |
-20 0 20 40 60 80 100
x/m

(b) Tdc dung ctia séng va tau chuyén dong

Hinh 5. Hinh dang chuyén déng cda hé théng dudc tdc dung cda ngogi luc

Hinh 5 cho thdy hinh dang chuyén dong cta hé
thdng dweng 6ng - phao ndi, Hinh 5 (a) khi chi co
chuyén dong cua tau, Hinh 5 (b) c6 thém s tac
dung cua lwc séng bién 1én hé théng. T hinh vé
cho thay réng, khi c6 sw tac dong clia séng bién thi
toan bd hé théng co6 sw dich chuyén theo phuwong
ngang x la I&n hon, nhung theo phwong thang
dirng y thi nhé hon, vi tri d6 dwoc thé hién trong
Hinh 6.

Con sy dich chuyén clia diém mat trén cung A khi
khong c6 séng va khi c6 song la nhu nhau, vi diém
A dugc gan cb dinh cung véi sy chuyén dong cla
tau la: x = 6 sin(0,393t) va y = 4 sin(0,393t).

—r— ACF W o mote

— AN sy vt e

= Y 00 s il s b
T Vel (20000 by el wwtion

4

Displacement £ m
- = = B
v T

\

Time/s

Hinh 6. S dich chuyén theo phurong ngang tai ndt C

Anh hu’c’)’rjg cta lyc cang doc truc trén hé théng khi
tau chuyén déng va khi c6 thém sy tac déng cua

46 | Tap chi Nghién ctru khoa hoc, Trudng Pai hoc Sao Do, ISSN 1859-4190, S6 4 (71) 2020



LIEN NGANH CO KHi - PONG LUC

soéng dwoc thé hién trong Hinh 7, cho thay lwc cang
doc truc tai nat A khi c6 thém lwc song tac dung thi
lwe cang doc truc co gia tri Ién hon. Cac gia tri Ién
nhét vé dd dich chuyén ctia nat C va lyc cang doc
truc tai nat A dwoc thé hién trong Bang 2.

60

tinh chinh xac va dang tin cay cta phwong phap
ANCF khi sé lwong phéan t& it hon so véi phuong
phap khac.

- Khi c6 sy tac dong ciia song bién va chuyén dong
cla tau déng thai thi lwc cang, mémen va vi tri dich
chuyén theo phuong x ctia cac diém mut trén méi
dwdng 6ng déu tang, nhung theo phuong thdng
dirng y thi nhoé hon.

[ = Yamkli 090w bl sl vensthiasian
=+ = Yaokti (Mo dvaly roxd o
[r—ANCT wily i
[ ANCE wov: I axd vzl medon

3
&

a
=3

™
&

- C6 thé ap dung phuong phap ANCF dé tinh toan
cho hé thdng v&i chidu sau I&n hon, va c6 thé tinh
toan thém nhiéu ngoai lyc tac dung nhw dong chay,
VIV... 1a mdt phwong phap hivu hiéu d& mé phéng,

Effective of 1engion / KN
e
(=3

s

o

150

Time /s

Hinh 7. Luc cdng doc truc tai nit A

Hon nira khi c6 thém song bién thi tai mdi chu ky
cla lywc cang con xuat hién thém hai dinh hinh sin
“double sine”. Nguyén nhan la do van tbc va gia téc
twong &ng cta dng sé ting cung véi su gia tdng
clia bién do kich thich néu chu ky chuyé&n déng la
nhat quan, khi dé éng sé xuét hién hién twong tré
trong chuyé&n dong déi véi déc diém cau tric manh
mai clia né, diéu nay sé anh hwéng thém dén sy
bién dbi cla lwc céng doc truc clia nat trén cling.

Bang 2. So sdnh d6 dich chuyén Ion nhdt theo phuong
x tai nat C va luc cdng doc truc I6n nhdt tai nat A

Tai ntit C Tai node A
. Chi | Tauva
Chl 1 muva | cotau | sén
Phuong phap cotau | o huvén | do <
chuyén séng dong| chuyén | dong
dong/m thoi/m | déng/ | thoi/
ong KN | KN
ANCF 4.740 | 16.253 | 36.908 (41.497
Yazdchi (2002) [1] | 3.245 | 19.366 | 36.840 |38.420
Mcnamara [4] - - 38.170 | 42.30

Tl cac gia tri trén c6 thé thdy rdng phwong phap
ANCF hoan toan c6 thé mé phéng déng lwc hoc
ctia hé thdng dweong éng - phao ndi mét cach chinh
xac véi s phan tr 13 16 (mbi dwong dng 1a 8 phan
tt), it hon sb phan t& trong phwong phap phan tir
hr han cla McNamara et al.[4], Yazdchi [1], (26
phén tl).

4, KET LUAN

Bai bao da thwc hién nghién ctru phan ng déng
lwc hoc ctia hé théng duwong 6ng - phao ndi dudi
sy tac dong cla chuyén dong tau va séng, dya
trén phuwong phap ANCF, cac két luan sau duoc
rut ra nhw sau:

- Phan tich tinh va phan tich dong cta hé théng
dwoc thwe hién mot cach co hé théng, cho thay

tinh toan két cAu bién co bién dang lon.
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