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Tém tit

Bai bdo @é xudt mét mé hinh todn 6 bdc ti do (6
DoF) day di dé xdy dung mé hinh déng hoc 3D
6 thé ap dung cho cdc con tau nhw tau ché hang,
tau cho container. Cac phuwong trinh dong luc hoc
cia con tau xét dén ca cac thanh phan lyc giam
chdn phi tuyén, cdac lirc va mé men do cdc yéu t6
nhiéu loan tir méi trieong tdc dong vao con tau
nhw séng, gié, dong chay ma hau nhi cdc cong
trinh nghién ciu truée day déu bé qua hodc dé
cdp khéng day dii cac thanh phan nay. Con tau 3D
do dwgc xdy dung va lap trinh nham muc dich sir
dung no dé thir nghiém cac thudt toan diéu khién
chuyén déng tau thiy hién dai trong twong lai.
Tw k!l(')a: 6 DoF, mo hinh dong hoc, diéu khién
chuyén dong.

Abstract

This paper presents the construction of a full
mathematical model of 6 degrees of freedom (6
DoF) to build a 3D dynamic model that can be
applied to ships such as cargo ships, container
ships. The systems of ship dynamics equations
take into account the nonlinear damping force
components, forces and moments due to
environmental disturbances acting on the ship
such as waves, wind, currents, which most of
previous studies have omitted or inadequately
mentioned these components. The virtual 3D ship
was built and programmed for the purpose of
using it to test future modern ship motion control
algorithms.

Keywords: motion

control.
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1. Mé dau

Viét Nam 1a dat nude co duong bo bién dai nén
cac hoat dong giao thong dudng thiy chiém mot ti
trong kha 16n. Hién nay, & nudc ta cac cong ty van tai
bién ngay cang phat trién v& chét luong dich vu, sd

luong ddi tau ciing nhu doi ngii thuyén vién. Vi vay,
viéc nghién ctru cac phuong phap dé diéu khién cac
con tiu ngady cang tot hon, tiét kiém nhién liéu hon
dang 1a mot nhiém vu quan trong dét ra cho cic nha
khoa hoc trong linh vuc nay.

Viéc nghién ctru, thir nghiém cac bo diéu khién
cho tau thay néu thir nghiém trén tau that gap rat nhiéu
khé khin do chi phi van hanh mét con tau thyc 1a rat
tén kém, chwa ké dén van dé an toan ciing nhu mat
nhiéu thoi gian dé thir nghiém. Dé giai quyét didu do,
nhom tac gia dé xudt viéc nghién ctru, xay dung mo
hinh toan toan 6 DoF dé xdy dyng mo hinh 3D mb
phong cac con tau trén thyc té thanh mot d6i twong 3D
trong méi truong ao. Viéc nay nham muc dich dé thu
nghiém céc thuét toan didu khién chuyén dong tau
hién dai cho con tau theo thoi gian thuc véi ddy du cac
nhidu loan tir mdi truong ma phan 16n cac cong trinh
nghién ctru vé diéu khién chuyén dong cho con tau
trude day thuong bo qua.

2. Cic cong trinh lién quan

Viéc xay dung mo6 hinh toan cho con tau da dugc
nghién ctru trong kha nhiéu nhiing cong trinh trudc
day. Tuy nhién, nhitng phuong trinh toan dé xuat
thuong bo qua mot s6 thanh phan Iyc va md men tac
dong vao con tau. Trong cong trinh [1] va [2] Fossen
da dua ra twong ddi day du va chi tiét cac phuong trinh
dong luc hoc cho tau thiy ndi chung, tuy nhién cac
phuong trinh lyc va mé men cla chén vit va banh lai
cho mot con tau cu thé thi khong dé cap toi. Vi cac
cong trinh [3], [4], [5] céc tac gia chi d& xudt md hinh
toan cho con tau trong mit phing nam ngang véi 3
bac tu do g6m cac chuyén dong truot doc, trugt ngang
va quay tré. Trong cong trinh [6], nhom tac gid tap
trung vao viéc tinh toan cac thanh phan lyc ddy va mo
men do chén vit va banh lai tac dong I1én con tau.
Ngoai ra, trong cong trinh [7] mdt md hinh todn 6 bac
tu do cho con tau duoc dé xuit, tuy nhién tac gia ciing
b6 qua cac thanh phan nhidu loan tir méi truong. Tuy
nhién nhimg nhiéu loan nay lai vé cliing quan trong
trong mot s6 bai toan nhur bai toan diéu khién con tau
nham t6i wu lugng nhién liéu tiéu thy. Trong cong
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trinh [12] tac gia dua ra md hinh toan cho con tau
nhung ciing khong di sau vao cu thé mét loai tau nao.
Hon nita, trong cong trinh [13] va rat nhidu cac cong
trinh khac nita cac tac gia déu khong dua ra mo hinh
toan cuia co cau chip hanh ma cy thé o day 1a chan vit
va banh 1ai ma tin hiéu diéu khién 1a dua tryc tiép tin
hiéu lyc va mo6 men tac dong 1én con tau.

Tir cac van dé con ton dong trén, déng gép mai
ctia bai bao duoc thé hién ¢ nhing diém sau: Thir nhat
1a tac gia d¢ xuat duoc mot mod hinh toan day du co
thé ap dung vao mot loai tau cu thé. Thir hai 1a tic gia
da d& xudt dugc mo hinh toan cho co cau chap hanh
ma cac cong trinh trude hau hét da bo qua. Cudi cing,
tir mo hinh toan da dé xuat, nhom tac gia da 1ap trinh
dugc mo hinh 3D phéan anh chinh xac dong luc hoc
clia cac con tau thuc. No rit ¢6 y nghia dé thay cho
dbi trong that khi mudn thir nghiém cac bo didu khién
cho con tau nham tiét kiém thoi gian va chi phi.

3. X4y dung mé hinh toan cho con tau

3.1. Cac phuong trinh dong hoc va dpng luc hoc

Earth-fixed

Hinh 1. Khung toa d¢ quy chiéu quan tinh gén
véi Trdi Dét va khung toa dj gin than tiu [1]

Dé thyc hién mo phong 3D qua trinh dong hoc cua
con tau gidng véi thuc té thi trudc tién doi hoi phai co
day du cac phuong trinh toan mo hinh hoa dbi tuong
con tau. Theo tai liéu [1] v&i cach chon toa d§ nhu
Hinh 1 va chon toa d6 trong tdm O thich hgp ta c6 hé
phuong trinh 6 bac ty do mo ta dong luc hoc ctia con
tau nhu phuong trinh (1) sau day:

n=Jmo
Mggd + Crg (V)0 =T

)

Trong do: n=[x,y,2,4,0, W]T la véc to vi tri Yé
huéng; J(y) la ma trdn  chuyén  doi,
v=[u,v,®, p,q,r]" 1a véc to van toc dai va véan tbc
g6c trong hé truc toa do gén véi than tau, M; 1a ma
trdn quan tinh, C.; 14 ma tran Coriolis va lyc huéng
tam, 75 =[X,Y,Z,K,M,NJ" 14 céc lyc va md men
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tlr nhiéu mai truong. Néu ta chon géc O cua hé truc
truc quy chiéu gan véi than tau tring voi hé truc quan
tinh ctia tau s€ gitp cho ma trén quén tinh | tré thanh
ma tran duong chéo, tir d6 cac thanh phan mo-men
quan tinh tich ngoai duong cheo chinh lal, 1,1, c6
theé bo qua. Vi vy dang chi tiét ctia phuong trinh (1)
6 thé duoc viét lai nhu hé phuong trinh sau:

m[u—vr+wq—xG(q2+r2)+yG(pq—r’)+zG(pr+q) X
m[V—Wp+ur—yG(r2+p2)+zG(qr—p)+xG(qp+r') Y
m[W—ug-+vp—Xg (p*+0°)+ x5 (rp=0)+ Y5 (rg+ )| =2
Lp+(1, =1, )ar+m[ yg (W-ug+vp) -z, (V—wp+ur)]=K
Lg+(1,=1,)rp+m[ zs (U—vr+wg) -, (W-ug+vp) | =M
L+ (1, =1,) pa+m[ x; (V=wp-+ur) -y, (d—vr+wg)]=N

(2)
Véi m la khéi lwong cuia con tau,
rG:[XG,yG,ZG]T la trong tim cua télu,lx,ly,lzlé

mo men quan tinh trén cac truc X,Y vaZ . Trong h¢
phuong trinh (2), ba phwong trinh dau tién dic trung
cho cac chuyén dong tinh tién trong khi d6 ba phuong
trinh con lai dai dién cho cac chuyén dong quay quanh
céc truc. Cac véc to & vé phai cua (1) va (2) dic trung
cho céac lyc va mdé men tac dong Ién con tau. Cac luc
va md men nay cé thé dugc phan tich 1am 3 thanh
phan gém: cac thanh phan luc va md men thiy dong
luc hoc 7, (gdm 7, vaty); cac luc va md men tir
nhiéu moi trudng 7. ; cac lyc va mo men tir chan vit
va banh laiz . Do d6, thanh phéan 7 trong (1) ¢6 thé
duoc viét thanh [1]:

Tgg =Ty TTet7 3)

Cac luc va mdé men thuy dong luc hoc 7, co thé
dugc viét chi tiét nhu phuong trinh duéi day:

7y =-M,0-C,(©)v-D(®)v-g(1) “)

Trong d6 M, 1a véc to khdi lugng thém vao do
quén tinh ctia chat 1ong xung quanh than tau, C , (v)
la ma tran Coriolis va lyc hudng tam thuy dong luc
hoc, D(v) 12 ma tran giam chan, g(r) 1a ma tran lyc va
mo men do trong luc tau gay ra.

Ma tran giam chén D(v) do nhiéu thanh phén tao
nén gdm thanh phan ma trén tit dan do birc xa va ma
tran tat dan nhdt, ma tran nay thuong dugc tinh béng
téng cua 2 thanh phin tuyén tinh D va phi tuyén

D, (v) nhu phuong trinh du6i day:
D(»)=D+D,(v) )

Nhu vay, két hgp cac phuong trinh tir (1) dén (5)
ta thu dugc phuong trinh chuyén dong 6 DoF cho tau
nhu sau:
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n=Jmv ©
Mo+C@v+Do+Dv+glp)=7t.+7

Vi M =My +M,;C(0)=Cry()+C,(v)

Hau hét cac con tau déu duogc thiét ké dbi xtng
nhau qua mit phing XOZ, 2 mit phang con lai XOY
va YOZ khong nhat thiét yéu cau phai dbi xing vai
chuyén dong theo mat phang nam ngang. Do d6, cac
phan tir ngoai dudng chéo chinh cua tran quan tinh va
ma tran giam chan sé& 1a nhiig s6 khac 0, tuy nhién
gia tri ciia chiing rat nho khi so sanh n6 vai cc thanh
phan trén duong chéo chinh.

Trong thuc té, khi nghién ciru cic bai toan dicu
khién chuyén dong tau trén mit bién nam ngang, cic
chuyén dong truot doc (surge), truot ngang (sway) va
quay trd (yaw) thuong duge xét t6i, cac chuyén dong
trugt dimg (heave), lic ngang (roll) va lic doc (pitch)
nhu trén Hinh 1 thuong bi bé qua. Tuy nhién dé mo
hinh 3D 4o ¢6 thé tuong tac dugce v6i moi truong xung
quanh n6 mét cach chinh xéc, gan véi thuc té nhat thi
nhom tac gia s& trién khai va phan tich phuong trinh
(6) v6i day du 6 DoF dé 1ap trinh cho ddi tugng 3D ao.

Pé don gian cho viéc tinh toan, nhom tac gia dua
ra cac gia dinh sau: B qua cac thanh phan bén ngoai
dudng chéo chinh ctia ma trin M va D; cac thanh phan
phi tuyén cia luc giam chin chi bao gdm cac thanh
phan bac 2 va luc phuc hdi g(i) duoc thay thé boi mot
phép toan xap xi theo phwong trinh (11). Tir cac gia
dinh trén, phuong trinh (6) dugc viét lai nhu sau:

17 =J(n)v

7
Mo+ C@o+D+D, )o+Gyp=1_+7 @

V6i ma tran J(y) dugce dat gdm 2 thanh phan con
nhu phuong trinh duéi day [8]:

J,(n,) 0s.5 :|

8
O3 J,(n,) ®)

J(n)=[

V6i 2 ma tran chuyén d6i J, (i, ),J, (11, ) dugc thé
hién cuy thé trong tai liéu [8] trang 44, 45.

Ma tran quan tinh M va ma tran giam chin D duoc
tinh todn nhu sau [2]:

M = dlag{mllx m22 ] m331 m445 m55! mGG} (9)

D(v) =—diag{X,.Y,,Z,,K,,M_,N }

—diag {X |ul,Y

N

(10)

fulu

K\P\p | p|’ M\q\q |q|’ N\r\r |r|}

My W
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V6i ma tran Coriolis va luc huéng tim C(v) va cac
hé sb trong phuong trinh (9) duoc tinh toan cu thé
trong tai lidu [8] trang 58. Cac hé sb trong phuong
trinh (10) dugc dinh nghia theo Hiép hoi kién trac hai
quan va hang hai SNAME 1950 cho tau bién. Ngoai
ra cac luc phuc hoi c6 thé duoc xép xi theo phuwong
trinh (11) nhu trong tai liéu tham khao [2]:

9(m) ~ Gy = diag {0,0, pgA,, (0)z, pgVGM 19,

_ (11)
PYVGM La,o}

Véi p 1a mat do nude, A, (0) la dién tich mdt nude
theo vi tri tau theo truc thang ding, né c6 thé duoc gia
dinh 1a mot hang s6 néu con tau dao dong theo phuwong
nay khong qua 16n,V la luong chodn nuéc cla tau,
GM+t vaGM _ 1an luot 1a chidu cao tdm quay ngang
va doc.

3.2. Cdc lyc va moémen tir moi truong

Trong phuong trinh (7) cic luc va mé men nhiéu
moi truong 7. bao gdm cac thanh phin: Dong chay,
gi6 va séng, vay nén no co thé dugc viét lai nhu sau:

TE = Tcurrents + Twind + Twaves (12)

Céc nhiéu nay 1a nhidu cong va nhiéu nhan phwong
trinh d6ng hoc ctia chuyén déng. Tuy nhién trong phan
nay chung ta gia thiét rang ap dung nguyén tic xép
chdng. Pay 1a mot phép xap xi kha tot véi dai da s6
céc ung dung diéu khién hang hai.

Trudc tién, gia thiét ring véc to dong chay o, =
[Ug, Ve, W,,0,0,0] voi 3 thanh phan cubi cung bang
khong (bé qua chuyén dong quay ciia dong chay). Cac
lyc va m6 men tr dong chay tac dong vao con tau theo
tai liéu [8] dugc thé hién nhu trong phuong trinh sau:

Tcurrem =(MRB+MA)1.)+C(D)D+D0 (13)

Do d6, phuong trinh (7) dugc viét lai nhu phuong
trinh dudi day dé xét dén sy anh huong cua dong chay
anh huong dén vén toc cua tau.

Mo, + C(v, )v, + D(v, )v, + Gy =

Twind + Twaves

14
N (14)
Véi v, =v-v, lavéc to van toc tuong ddi.

Thanh phan nhiéu tht hai 1a cac lyc va mo men tir
song bién, theo tai liéu [8] thit duoc tinh nhu
phuong trinh (15).

waves
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., PYBLT cos(B)s,(t)

> ~PYBLT sin(A)s, (1)
0
T = (15)

waves 0
0

v pgBL(L? —B?)sin(23)s (t)
Zizl 24

Véi g la goc d6i dau gitra mii tau va hudng cia
song, L va B 1a chiéu dai va chiéu rong cua tau, T la
mén nude cua tau, S, (t) 1a do doc ciia thanh phan séng
thtr i dugc tinh theo biéu thirc sau:

S (t)=ﬁ i—?sin(weitw}l) (16)

Véi A la bién do séng, 4 14 chiéu dai song, m,; 1a
tan sb ddi dau, ¢ 1a goc pha ngau nhién ctia thanh phan
song thir i.

Cu ()P A
C:Y (yr )pavr2 AI.
3 0
wind T 2 0
0
_CN (}/I' )paVFZAL L_

Cudi cung, thanh phan nhidu boi gio tic dong 1én
con tau cd cac lyc va m6 men thuong dugc md hinh
voi 3 bac tu do g(“)m 2 thanh phén luc truot doc, truot
ngang tac dong vao con tau va mdt mo men quay trd,
c4c thanh phan nay duoc tinh theo phuong trinh (17).

| =

a7

véi Cy,C,,C, 1acac hé s6 luc v md men, chiing
phu thudc vao gia tri ciia goc tuong ddi giita hudng
gi6 va mili tau, p, 12 mat do cia khong khi,V, 1a vén
tc gi6 twong ddi (dugce tinh chi tiét trong tai lidu [2]
trang 117), L 1a chidu dai cia tau, AT va A 1a dién tich
ma giod théi vao mit trude va mit bén cia tau.
3.3. Cac lwc va mo men ciia banh ldi va chan vit

Trén thuc té cac loai tau khac nhau c6 thé rat khac
nhau vé ciu tao, $6 luong cua chan vit, banh lai. Vi
trong tim nghién ctru vé cac con tau chd hang va ché
container thudng chi c6 mgt chan vit va mot banh 1ai,
nhom tac gia dé xuat xay dung mot vector lyc va mo
men dwa vao mo hinh toan dé ap dung cho cac con tau
loai nay. Tong hop tir cac tai liéu [6], [9], [10] nhom
tac gia dé& xuét véc to lyc va md ment s& gdbm cac
thanh phan nhu céng thirc sau:

t=[7,,%,,0,0,0,7,] (18)
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Trong cong thirc trén, 7, 1a véc to luc tic dong vao
tau theo truc doc bao gdm 2 thanh phan 1a lyc diy cua
chén vit va lyc gy ra boi banh lai:

Ty =Tp T TR (19)
Trong do:

= (1_tp)pn,2)D:KT (20)

s =—(-t;)Fsino @21

Véi t,1ahé ) giam tru lyc déy chan vit, n, la tde
dd quay cua chan vit, D, 1a duong kinh chan vit, Kr1a
hé s6 ddy chan vit, 7, hé s giam trir lyc can banh 1ai,
F\ 12 luc tac dung vao banh lai va o 1a goc bé lai.

Luc tac dung vao banh lai s€ tdc dung mét luc Ién
con tau theo truc ngang tinh theo biéu thuc sau:

7, =—(1+a,)F, cosd
Véia, 1a hé s6 ting luc banh 1ai.

(22)

Cudi cung, luc tdc dong vao banh 14i s€ tao mo6 men
quay tr& quay con tau duoc tinh theo biéu thirc sau:

77 = —(Xz +a, X, )F, cosd (23)

Véix, 1a toa do diém tac dung cua lyc theo chiéu
doc va X, 1a toa d9 cta banh lai theo chiéu doc tau.

4. M6 phéng dong luc hoc 3D tau thiy

Hinh 2. Hinh dnh 3D con tau da dwoc xdy dung

Tt m6 hinh toan 6 DoF cho con tau dugc xay dung
trong phan 3, nhém tac gia tién hanh xay dung mo
hinh déng hoc cho mét con tau container bang phan
mém Unity3D, day 1a mot phan mém Game Engine da
nén tang va truc tiép theo thoi gian thuec.

Dé tién hanh 1ap trinh mo6 phong dong hoc con tau
tir cac phuong trinh ¢ cac muc 2 va 3 nhom tac gia lua
chon d6i tuong con tau dé didu khién 1a 1 tau cho
container [a FORTUNE FREIGHTER véi cac thong
s6 chinh tai trong 8937.8 tan, chiéu dai 123.5m, chiéu
rong 18.5m, mén nude 7m, cong sudt may chinh 5979
kW, gdc bé banh 1ai +/-35°.

V6ingdn ngir 1ap trinh C#, nhom tac gia xay dung
cac mo dun phan mém mo phong dong luc hoc 3D cho
con tau g(‘”)m cac mo dun nhu mo6 dun dong luc hoc
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BoatPhysics.cs dugc 1dp trinh theo phuong trinh (7);
mo dun cac lyc va mémen tir nhiéu dong moi truong
ModifyBoatMesh.cs tac dong 1én tau (bao gdom song,
gi6 va dong chdy) tr phuong trinh (13, 15, 17), mo
dun BoatEngine.cs, BoatController.cs gom lyc va
mdmen cua chan vit va banh 14i tdc dong 1én con tau
tir phwong trinh (tir 18 dén 23),...

Cac mo6 dun phan mém nay s& duoc gan vao cac
dbi twong 4o tuong tmg trong phan mém Unity. Hinh
2 12 hinh anh con tau 3D da dugc nhom nghién ctru
thiét ké va lap trinh.

Bdng 1. Ba kich bdn thir nghiém

Lin | Kichbinl

Kich ban 2

Kich ban 3

Lan | Hu6ng gio: 0°
1 Cép gio: 3

Hudng gio: 45°
Chp gio: 3

Huéng gio: 90°
Chp gio: 3

Lan | Huéng gio: 0°
2 Cép gio: 7

Hudng gio: 45°
Chp gio: 7

Hudng gio: 90°
Chp gio: 7

Lan | Hu6ng gio: 0°
3 Cép gio: 9

Hudng gio: 45°
Cép gio: 9

Huéng gio: 90°
Cép gio: 9

13K

o H atilllf] ‘
Hinh 3. Thir nghi¢m mé hinh 3D véi EAST WIND
5. Thir nghiém mé6 hinh 3D do

Véi mot mo hinh o thi sy twong tac cla con tau
v6i mit bién ciing nhu nhitng anh huéng tir cac nhidu
loan méi trudng dén con tau 1a mot trong nhitng yéu
t6 can thir nghiém dé dam bao tinh chinh xac va tin
cay cua mo hinh toan.

Dé thir nghiém mé hinh déng hoc 3D di xay dung
trong ndi dung bai bao, nhom tac giad thu nghiém vaéi
truong hop con tau dung yén, hudng miii tau la 0 d9.
C6 3 kich ban s& dugc thir nghiém dugc tom tit nhu
Bang 1.

C4 3 kich ban tht nghiém déu duoc thuc hién 3
lan véi cac cap gi6 khac nhau, sy khac biét giira 3 kich
ban 1a hudng gi6 trong kich ban 1 thdi vao mat trude
cua tau (NORTH WIND), con trong kich ban 2, gio
thdi vao tau tir goc 45° (NORTH-EAST WIND) va
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cubi cing 14 kich ban 3 véi hudng gié thdi ngang vao
than tau (EAST WIND). Ngoai ra trong cé 3 kich ban
déu duoc thuc hién 3 14n voi 3 cép gi6 khac nhau dé
danh gia anh huong cia timg cap gi6 téi mo hinh. Cac
cép gi6 dugc dinh nghia va lap trinh ding nhu thang
Beaufort ciia to chire khi tugng qubc té (WMO) dugc
dinh nghia cy thé trong tai liéu [11].

Hinh 3 1a truong hgp nhém nghién ctru dang thir
nghiém mo hinh véi EAST WIND, gi6 cép 9.

Céc thong sé s& dugc thu thap va danh gia dong
hoc ctia mo hinh trong qua trinh thit nghiém la 3 thong
sO gom: Lic ngang (roll), lic doc (pitch) va vén tdc
trugt dimg (rate of heave). Sau khi chay phan mém
voi céc kich ban cu thé nhu trong Bang 1, cac dir liéu
vé 3 thong sb nay trong cac kich ban khac nhau duogc
thé hién nhu trong cac Hinh 4, 5 va 6 dudi day.

Trén Hinh 4 14 géc lac ngang cua con tau trong ca
3 kich ban thir nghiém. Ta c6 thé thay khi cap gi6 ting
1én thi goc lac ngang ciing déu ting 1én theo trong ca
3 kich ban. Tuy nhién ¢ kich ban 1 vdi NORTH WIND
thi chuyén dong lic ngang cta con tau I kha nho khi
so sanh n6 voi cling cac cip gio va song (song tao nén
boi gid) trong truong hop & kich ban 2 va 3. Ta thay
rang khi gié thdi ngang than tau (EAST WIND) trong
kich ban 3 thi con tau bi dao dong l4c manh nhét theo
phuong ngang.

Trén Hinh 5 1a goc lic doc cua con tau trong ca 3
kich ban thir nghiém. Ta c¢6 thé thay khi cap gié ting
1én thi goc lc doc ciing déu ting 1én theo trong ca 3
kich ban. Tuy nhién & kich ban 3 v6i EAST WIND thi
chuyén dong lic doc cua con tau 1a kha nho khi so
sanh n6 véi cung cac cap gié trong truong hop gid
NORTH WIND théi theo hudng vao mit trudc cia tau.
Nhu vay, khi huéng gié 1a NORTH WIND, con tau bi
dao dong lic doc manh nht.

Trong Hinh 6 1a toc do truot ding cia con tau
trong 3 kich ban thir nghiém. Tuong tu nhu 2 thong sb
trén, toc do trugt dimg ciia con tau ciing 16n khi cép
gi6 manh hon. Tuy rang khong c6 su khac biét qua 16n
v6i 3 hudng gi6 khac nhau, nhung ta c6 thé thay riang
khi hudng gi6 1a EAST WIND thi chuyén dong truot
dirng cua con tau 1a 16n hon so véi 2 kich ban con lai.

Nhu vdy, qua 3 kich ban thtr nghi¢m va léy cac
chuyén dong lic ngang, lic doc va truot dimg ciia con
tau. Cac dic tinh cho thdy cac chuyén dong vat 1y caa
con tau vé bién do rung lic va tan s lic déu rat sat
vé6i thuc té khi so sanh véi cac dir liéu thu thap tor cac
con tau that khi chiu anh huong cia song va gié &
nhiing cudong d6 va hudng tac dong tuong ty.
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Hinh 6. Vin toc trwot dirng ciia con tau (rate of heave) trong cd 3 kich béin thir nghigm

6. Két luan

Trong bai bao nay, nhém tac gid da dua ra dugc
mot mo hinh todn 6 DoF c6 thé ap dung cho cac con
tau chd hang hodc tau cho container. M6 hinh toan nay
da dugc str dung dé xay dyng mot mo hinh dong hoc
3D bang phan mém Unity3D, két qua thir nghiém cho
thiy mo hinh phan tng chinh x4c va tin cdy vdi cac
nhiéu loan tir moi trudng. Pay s& 1a mot mo hinh 3D
rat truc quan va tién loi dé thur nghiém cac thuét toan

diéu khién chuyén dong cho con tau trong tuong lai
cua nhom téc giad cling nhu nha nghién ctu quan tam.
Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT22-23.66.
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