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Lap trinh phan tich d6 nhay
trong t6i tu héa mé phdng quif dao tau

u TS TRAN KHANH TOAN - Triding Dgi hoc Hang héi Viet Nam

TOM TAT: Trong mé hinh toan c6 nhidu bidn diu
vao, phan tich dd nhay cla céc bién ddu vio la
budc quan trong ddm bao d6 tin cdy cda mé hinh
toan. D& 181 uu hda mé phéng qii dao tau thi trong
méd hinh toan cdn thiét phai phan tich 4§ nhay
48 lya chon nhom cac hé s6 thiy déng luc hoc
(TOLH) c6 dé nhay lén nhét. Trong bai bao, tac gid
3p dung ky thudt phan tich tich ¢ nhay trong mé
hinh toén |4p trinh 18i uu héa qai dao cho mé hinh
tau thuc Esso Bernicia 193000 DWT.

TU KHOA: Phan tich d6 nhay, hé s6 thly déng
lye hoe, 161 vu hda, qut dao tay, didu déng tau,
mé phéng.

ABSTRACT: In the mathematical model with
muitiple input variables, the sensitivity analysis of
the input variables 1s an important step to ensure
the reliability of the mathematical model. In order
to optimize the ship trajectory simulation, the
sensitivity analysis should be performed in the
mathematical model fo select the group of the
most sensitive hydrodynamic coefficients. In this
paper, the author appliedthe sensitivity analysis
method in mathematics model of ship manoeuvring
programming in order to optimizethe ship irajectory
of Esso Bernicia 193000DWT tanker model.
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coefficients, optimization, ship trajectory, ship
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1.DATVAN DE

Tirkét qua nghién ciu ca Dé tai nghién ciu khoa hoc
cdp B GTVT vé “Nghién ciiu iing dung cdc thudt todin t6i uu
héa @& ndng cao dé chinh xdc durdodn qui dg dacdche
théng md phdng hang hdi*, Ma s6 DT154021 do tac gia [am
chd nhiém &é 3i [1] cho thdy: Vi phéi tdi uu héa s6 lugng
16n cac hé s6 TBLH va midc 36 dnh hudng clia cac hé & toi
ham muc tiéu I3 khéng giéng nhau, do d6 cin thiét phéi
4p dung thuat toan dé phan tich va lua chon s6 lugng nhét
dinh clia mét s6 cac hé s6 c6 mdc d6 anh hudng lon nhat
16i ham myc tiéu. Ngoai ra, do tinh phic tap ciia mé hinh
toan chuong trinh 1ap trinh, nén vigc gidm s6 lugng hé sé
TBLH s& tiing tinb hdi tu khi tinh toan gia trj t3i uu cda cic
hé s6 TDLH, gidm s luong cc budc [p (iteration), két qua

13 ham muc tiéu sé nhanh chéng dat gia tr] cyc tiéu, gidm

thdi gian tinh todn cta chuang trinh lap trinh. Trén co s6

a6, tac gid cfa nghién ciu va &p dung ki thuat phan tich d

nhay @& Iap trinh chuong trinh phan tich, iua chon bg hé

58 TBLH c6 anh hudng |6n nhat téi ham muyc tiéu, |3 co s&

quan trong cho cic budc ti€p theo trong 1p trinh chuong
. tinh mo phdng va & uu héa quT dao tau.

2, TGNG QUAN VE KY THUAT PHAN TICH BO
NHAY [2,3]

Ky thuat phan tich do nhay a ky thudt phan tich dé
tinh bt dinh trong déu ra cia mét mé hinh todn hgc hay
hé thdng (mé hinh 53 hodc cac loai mé hinh khéc) c6 thé
dugc phan bd cho cic ngudn bat dinh khac trong diu
vao ctia md hinh. So d6 mé hinh phan tich @6 nhay dugc
khai quét nhu trong Hinh 2.1.

Trong néi dung nghién cliu, tac gia gidi thiéu va dp
dung phuong phdp cuc bd (Local Methods): Khao sat sy
bién thién cGa ham hé thdng Y déi vdi timg bién dau vao
X tai lan can gié tri ¢6 dinh ban dau x*

ar
; %, 4]

P& nhay s& dugc iugng héa théng qua sy thay déi
gid tri ham hé théng Y khi gia tri cac bién X thay ddi
quanh lan can gia trj ¢6 dinh ban dau x°.

Cclposinpn

Hinh 2.1: Sodé mé hinh phén tich 3§ nhay

3.MO HINH TOAN LAP TRINH MO PHONG VA TOI
UU HOA QUIDAO TAU

(i} Hé phuong trinh vi phdn chuyén d6ng tau mt nudc
(3 bdc tu do) & dang khdng thir nguyén (dp dung cho mé
hinh tau Esso Bernicia 193000 DWT [13]) ¢6 dang nhu sau
[4,5,6,7,12):

-vr=gX”

+ur=gY" 2)

@)2 =gLN"

69



KHOA HOC - CONG NGHE

V& phai ciia c4c phuang trinh trong hé phuong trinh
(1)1a téng hop cac thanh phdn lyc va mé-men thay déng,
bidu dign nhut sau:

X" X'u + 2 Xl + 1 X+ LXvivl
B t.ﬂ,;,cmaz + 3 mw‘lclﬂ"*gr'(l 1)
-x saig x,u,,,;|u|u5« X,,:vrf* H ..;gv-é’
Y= y,o + 2+ vty + Y,wlclcw L
4t xm,wgcumpa PRV L Yu,;w§+ Yiguvt (3)
+ Y‘,,v§+ Y,.,.;IVIVE + HioaasdelclABE
,N L N|,|,|v|v + l ‘Wc]c]-ﬂ 2 Ngur
‘ mewlclrlﬂﬂﬁ NpgT+7 Nm wrg s N7E
FNaavi+ N e lelm,wlclclﬂﬂg

Trong d‘é: Koo Kipuier: ¥ou Yiprees Wi Wi iy - CAC G 58
TOLH ctia tau.

(i) Xdy dying ham muc tiéu trong hai phép thi tau thue
nghiém dién hinh [11,12]:

¥ o g
= (Zf.(a)') = (Z AS’) @
= =

- Phép thir Turning Circle:

Trong do: (o) = Ay, - Ham sai léch goc xoay mo
phéng va thuc nghlem tai diém do thit (); @ = [&,0,,0,,

a,]7 - Ma trén clia M (M= 35) hésé & TDLH clia tau anh
hubng dén gia tr] §6 sai léch goc xoay mé phong va thuc
nghiém; N - S5 diém do thuc nghiém.

N 1/2 N 1/2
= (Z £ (a)’) = (Z A¢.’) )
=1 i=1
- Phép tht Zigzag:
Trong do: f(a) = Ay, - Ham sai léch géc xoay mo
phéng va thuc nghlem tai diém do thi (i) a = [a,0.0,
., @,]F - Ma tran ciia M (M = 35) hé s6 TDLH clia tau dnh

huz'mg dén gia tri @6 sai léch géc xoay mé phdng va thuc
nghiém; N - 55 diém do thuc nghigm.

4, AP DUNG KY AT PHAN TICH DO NHAY
TRONG TGI UU HOA MOPHONG QUY DAO TAU

Biéu dién lai ham muc tiéu:

Fobj = F(e,x,0 [8,9,10].

Trong do: a, - Cac hé s6 TBLH clia tau (35 hé s8);
X - Vector cac bién chuyén dong cda tau (toa dd vi tri,
goéc xoay, van téc doc, van t8c ngang...); t - Tham sd
thoi gian.

D6 nhay clia céc hé s6 TDLH thé hién & mdc @6 anh
hudng clia ting hé s& d6i véi sy bién thién gid tri ham
muyc tiéu .. Mic d6 nh hudng nay thé hién qua dao
ham béac nhat clia ham muc tiéu ddi vdi tiing hé s6 TOLH
a, thé hién qua cong thirc:

dFobj _ Fobj(w; + ga;) — Fobj(a; — ea;)
T 2eay @
Trong d6: ¢ - Hé s8 @& chon gi tri khoang lan can vé
cling bé khi danh gié sy bién thién ciia ham muc tiéu F,

@3 vdi ting bién a (céc hé s6 TOLH tau), duge minh hoa
trong Hinh 4.1:
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Hinh 4.1: Sur bién thién ca ham myc tiéu £,
quanh I8n cdn @

5. KET QUA LAP TRINH PHAN TICH DO NHAY
CAC HE SO THOY DONG LUC HOC CHO HAI PHEP
THU TURNNG CIRCLE VA ZIGZAG

Téc gid da lap trinh mé-dun phan tich d6 nhay bing
ngén ngif Matlab dé dénh gid mdc do anh hudng cla
céc bién ddu vao (cac hé s6 TDLH) d8i vdi sy bién thign
ctia ham myc tidu F, cho titng phép thif Tuming Circle
va Zigzag.

Két qua phan tich do nhay dat dugc nhu sau:

B4ng 5.1. HE s& TOLH md hinh tau thix Esso Bernica
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(1) Phép thii Turning Circle: Gi tr] bién thién clia muc
tiéu F,, theo timng bién hé s6 TBLH a, thé hién trong Hinh
3 Céc bién cé d9 nhay lon theo can Ioc (Tol=£0.1) g&m,1
€6 10 bién nhu sau:

N g, N ¥ et W o X kg W ctese W e X ot ¥ o

(2) Phép thit Zigzag: Gid tri bién thién ctia ham mic
tiéu £ theo timg bién hé s§ TBLH g, thé hién trong Hinh
4.1, Gt bién 6 d6 nhay I6n theo cén loc (Tol = £ 64)
caing gém c6 10 bién nhu sau:

Y N N Y ars N s N ot o N it X putur Voo X ot

(3) T8 hap két qué phén tich d nhay cda cd hai phép
thet Turning Circle va Zigzag: Tis két qua phan tich va Iva
chon céc hé s6 TBLH c6 d6 nhay Ion nht cira timg phép
thr cho thdy: C6 5 hé s6 TOLH triing nhau, con lal wdi
phép thircé 5 hé 8 khac. Nhu vay, t hop laf c6 18ng e
15 hé s6 TELH ¢6 dd nhay 16n nhit chung cho ca hai
thi, thé hién trong Bdng 5.2. Sau khi chon dugc nhém
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Chic ming n&m mdi

hé 56 c6 4 nhay I6n nhat, tién hanh mo phdng va tdi uu
héa qui dao biing cach dng nhét qui dao mé phéng véi
qui thyic nghiém, qua d6 ciing xdc dinh (gidi) duge gid tri
61 uu nht clia nhém céc hé s6 ¢d d6 nhay 1an nhit.

Hinh 5.1: K&t qué phén tich dn nhay céc hé s6 TOLH
trong phép thir Turning Circle

EEERAREE]
Hinh 5.2: K&t qué phén tich a5 nhay i hé s6 TOLH
trong phép thii Zigzag
Bing 5.2. T8 hop két qua phan tich 45 nhay ¢4 hai phép thiy

anh hudng Ién dén sy sai léch qui dao mé phéng cda tau.
Noi dung bai bao c6 gid trj khoa hoc va gia tri tham khao
hitu ich cho céc nha khoa ho, cac chuyén gia nghién cliu
vé md phéng t8i uu héa quy dao tau, udc tinh cac hé s6
TOLH ctia tau, mé phéng cac loai tuong tac TBLH clia tau,
mo phéng cdnh bao dam va tau va cic nghién ciu lién
quan khac 0
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