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LOI NOI PAU

Trai qua 60 nam xay dung va truong thanh, Truong Pai hoc Hang hai Viét Nam da ngay
cang khang dinh uy tin vé chat luong dao tao, huin luyén, nghién ctru khoa hoc, chuyén giao
cong nghé, hop tac qudc té... Vi uy tin d6, Nha truong di dugc cong nhan 1a thanh vién cua
nhiéu Hiép hoi uy tin trén thé gidi nhu: Dién dan cac Truong Dai hoc Hang hai va Panh ca Khu
vic Chau A (Asian Maritime and Fissheries Universities Forum, AMFUF) nim 2002, Hiép hoi
cac Truong Pai hoc Hang hai Chau A - Thai Binh Duong (Association of Maritime Education
and Training Institutions in Asia - Pacific, AMETIAP - nay 1a GlobalMET) nam 2002, dac biét
1a Hiép hoi cac Truong Pai hoc Hang hai Qudc té (International Association of Maritime
University, [AMU) nam 2004.

Nhan ky niém 60 nam ngay thanh 1ap Truong Pai hoc Hang hai Viét Nam (1/4/1956 -
1/4/2016), Truong Pai hoc Hang hai Viét Nam vinh du duoc ding cai to chitc Hdi nghi thuwong
nién lan thir 17 cia Hiép hdi cac trwong Pai hoc Hang hai Quéc té¢ (IAMU - The 17%
Annual General Assembly 2016) va Hoi nghi Quéc té Khoa hoc Cong nghé Hang hai 2016
(International Conference on Marine Science and Technology 2016), dién ra tir ngay 26 dén
28/10/2016. Hoi nghi s& quy tu hon mdt trim cac nha khoa hoc, cac chuyén gia qudc té dén tir
trén 50 truong dai hoc hang hai trén toan thé gidi, hang trim cac nha khoa hoc, cac chuyén gia
cua cac truong dai hoc, hoc vién, cac co sé trong ca nude va cua Truong.

Pay 1a dip dé cac Nha khoa hoc, cac chuyén gia trong va ngoai nude cong bd nhitng du
an nghién curu, cac Kkét qua nghién ctru vé Pao tao, huin luyén hang hai; Khoa hoc, cong nghé
hang hai, Giao thong van tai, Kinh té bién, Moi truong bién,...; Tang cudng hop tac trong va
ngoai nudc nhiam nang cao chét lugng dao tao va hudn luyén, an toan va an ninh hang hai, bao
vé moi trudng, dic biét 1a moi trudng bién,...

Day ciing 1a co hdi dé cac nha gido, nha khoa hoc, cic chuyén gia ctia Truong Dai hoc
Hang hai Viét Nam duoc hoc hoi, trao dbi kinh nghiém vé6i cac ddng nghiép trong nude va qubc
té. Qua do déy manh hon nita cong tac dao tao, huén luyén, nghién ctru khoa hoc, chuyén giao
cong nghé va tang cudng hop tac qudc té theo chidu sau, gop phan quan trong vao su nghiép
cong nghiép hoda, hién dai hoa dét nude déng thoi som dua Nha truong dat duge muc ti€u trd
thanh Truong Pai hoc trong diém Quéc gia, dat dfmg Cép quéc té.

Ban t chtre xin tran trong cam on cac nha gido, nha khoa hoc, cac chuyén gia trong va
ngoai nudc da tich cuc tham gia viét bai va dong gdp quy bau gop phan dé Hoi nghi thwong
nién lan thir 17 caa Hiép hdi cac trwomg Pai hoc Hang hai Quoc té va Hi nghi Quoc
té Khoa hoc Cong nghé Hang hai 2016 to chirc tai Trudomg Pai hoc Hang hai Viét Nam
thanh céng./.

NGND. PGS. TS. Lwong Cong Nhé
Hi¢u truwéng Truwong Pai hoc Hang hai Viét Nam
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Nghién ciru danh gia sw thay déi 6n dinh ciia tau trén séng
trong giai doan thiét ké ban diu
Evaluation on the changes of ship stability
in waves in the initial design stage

Tran Ngoc Tl
Nguyén Thi Thu Quynh?, Tran Viét Ha?
Y Truong Dai hoc Hang hdi Viét Nam,
tutn.dt@vimaru.edu.vn
2Vién ky thudt Hai Quan
Tém tit

Bai bdo tong hop va phdn tich anh hiedng ciia cdc théng sé cia song bién va ciia tau
dén on dinh tau trén song. Lwa chon logi séng c6 danh hmmg 16m nhdt dén on dinh tau dé tién
hanh tinh ‘toan. Trén co s¢ phan tich wu va nhuwoc diém ciia cdc phwong phdp tinh todn su
thay doi on dinh ciia tau trén séng, bai bdo tién hanh lwa chon phiong phdp tinh phit hop
nhat cho giai doan thiét ké ban dau. Ap dung phwong phdp tinh dwa ra vao trong tinh todn sw
thay doéi 6n dinh ciia tau trén séng theo cho tau hang khé INANA 2 ¢6 s6 IMO: 9552771 chay

trén tuyén SB ciia Viét Nam.

Tir khéa: On dinh, canh tay don, song theo, thiét ké ban dau.
Abstract

This paper has summarized and analyzed the influence of waves and ship parameters
on the ship stability in waves. The wave having greatest influence on ship stability is taken
into account. This paper selected the most appropriate calculation method for the initial
design stage, based on analyzing the pros and cons of the method of calculating the changes
in the ship stability on waves. This method is applied for calculating the changes on the ship
stability in following waves of a cargo ship INANA 2 with IMO: 9552771 classified SB by
Vietnam Register.

Keywords: Stability, righting arm, following waves, initial design.

1. Pit van dé

Nhu ching ta d3 biét, trong s6 cac nguyén nhan lam cho tau bi ddm, dic biét 1a cac tau
¢ nho ¢6 chiéu dai tir 20 dén 60 m, c6 nguyén nhan lat tau do sy thay do6i 6n dinh cua tau khi
gap song [1] bai, khi tau chuyén dong trén song thi hinh dang phan thé tich ngam nudc, hinh
dang dudng nudc va cac yéu to dong hoc (su tuong tac cua hé thdng séng do tau tao ra véi hé
thdng song bién, su phan bé lai ap sut trén bé mat than tau, sy nhidu xa cua song) s& thay doi
tir d6 dan dén su thay doi vi tri tdm noi va ban kinh tam nghiéng cua tau va cudi cing la kéo
theo sy thay d6i on dinh cua tau.

Su thay d01 6n dinh cia tau sé cang rd net trong truong hop tau Chuyen dong trén song
theo voi téc do gan bang téc do lan truyén song va chiéu dai tau xap xi bang chiéu dai bude
song (A/L = 0,9 + 1,1), khi d6 vi tri twong d6i cua tau so v6i song & thoi diém nao do6 tau co
thé nam vi tri bung song cing nhu nam trén dinh séng (hinh 1) trong thoi gian kha dai.
Trudng hop nguy hiém nhat (6n dinh tau giam di rt nhanh) s& xuat hién khi phuong chuyen
dong cua tau hop voi phuong truyén song mot goc B = 0° va tai goc p =+ 45° va tau nam trén
dinh séng, dic biét 1a dbi v6i cac tau cd chidu cao man kho nho, ty s6 L/B 16n va hé s6 béo
doc chung than tau nhé [2]. Trén hinh 2 chi ra anh huéng cta vi tri dinh song theo chiéu dai
tau dén d6 thi 6n dinh tinh cta tau. Cac dudng cong 1, 2, 3, 4 dic trung cho gia tri canh tay
don on dinh tinh ciia tau & cac ché do khai thac khac nhau (1 - trén nudc tinh; 2 - khi dinh
song nam & khu vyc mili tau; 3 - khi dinh séng nam & khu vuc phia dudi tau; 4 - khi dinh séng
nam & mit phang sudn giira; 5 - khi tdu nam dudi bung song). Ngoai viéc 6n dinh cua tau bi
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giam, chuyén dong trén song doi khi con 1am cho tiu mat tinh diéu khién va lam cho tau quay
theo hudng séng cap man, hién tugng nay dugc goi la broaching.

Tir cac van dé néu trén, doi hoi su can thiét phai nghién ctru danh gia 6n dinh cta tau
trén song ngay trong giai doan thiét ké ban dau nham muyc dich: thir nhét, dé lya chon phwong
an cac thong so chu yeu cua tau cho cac budc thiét ké tiép theo; thtr hai, dua ra dugc cac giai
phap han ché sy suy giam 6n dinh tau trén song trén co s¢ nghién ctru cac yéu t6 anh huong
dén sy suy giam nay; thir ba, trén co so cac két qua tinh toan 6n dinh trén song thu duoc
nguoi ta s¢ thiét 14p céc tiéu chuan 6n dinh trén séng cho tau nhu Quy pham mét sd nude timg
thiét 1ap [1]; dung dé xay dung db thi chay bo.

I, m

NN\
Hinh 1. Vi tri twong doi ciia tau so véi séng Hinh 2. A’{zh hwdong ciia song
theo dén do thi on dinh tinh [5]

Trong khu6n kho bai bao ndy, nhom tac gia xin trinh bay cac phuong phép tinh 6n dinh
clia tau trén song theo, loai song duoc danh gia 13 c6 anh hudng rat 16n dén 6n dinh tau [1].
2. Co s& ly thuyét tinh toan sw thay déi on dinh cia tau trén séng
2.1. Phan loai cac phwong phap tinh toan sy thay doi 6n dinh cia tau trén song

Dé danh gia su thay doi 6n dinh cta tau trén song ndi chung va séng theo néi riéng,
ngudi ta dang sir dung mot sé phuong phéap sau:

- Phuong phap thtr nghiém mo hinh tau trén song trong bé thu;

- Phuong phéap s (CFD) trong viéc m6 phong va tinh toan on dinh cua tau trén song;

- Cac phuong phap gan ding duoc Xay dung trén co s¢ mot s6 gia dinh va phan tich
hoi quy céc s6 lidu thuc nghiém.

Trong ba phuong phap ké trén thi phuong phap thir nghiém mé hinh tau trén séng
trong bé thir cho két qua chinh xac nhat. Tuy nhién, do thoi gian va gia thanh ché tao mé hinh
ciing nhu chi phi cho viéc thir mé hinh 1a rat tén kém. Do vay, ngudi ta chi s dung phuong
phap nay ¢ giai doan thiét ké k¥ thuat khi da lya chon duoc mot phuong an phu hop nhat
trong s6 cac phuong an dua ra 0 giai doan thiét ké khoi thao.

Déi voi phuong phap s6 (CFD), day la phuong phap ma co so ly thuyét ctia né da c6
tir nhitng ndm 70 cta thé ky trudc, nhung chi sau khi c6 su phat trién manh mé cua cong nghé
thdng tin thi phuong phap nay méi duoc (mg dung rong rdi vao trong thuc té tinh toan.
Phuong phép nay duoc danh gia 1a ¢ d6 chinh xac kha cao. Tuy nhién, két qua tinh toan theo
phuong phap nay phu thudc vao diéu kién bién dua ra va thoi gian tinh toan kha 1au, chinh vi
vy & giai doan thiét ké khoi thao khi so sanh cac phuong an véi nhau néu sir dung phuong
phap nay thi mat rat nhidu thoi gian ciing nhu kho danh gia duge muce d6 anh hudng cia cac
tham s6 dén sy thay doi 6n dinh tau trén séng.

Viéc sir dung phuong phap gén dung dé tinh toan sy thay doi 6n dinh tau trén song tuy
mang lai két qua khong chinh xac bang hai phuong phap trén, nhung noé lai c6 uu diém 1a thoi
gian tinh toan nhanh va nguoi thiét ké co thé dé dang nhén biét duge mirc d6 anh huong cac
thong s6 dén su thay doi on dinh tau trén song, dé tir d6 dua ra dugc cac giai phap thiét ké
cling nhu cac dé xuat trong viéc han ché sy suy giam 6n dinh tau khi chay trén song.
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Tir nhitg uu va nhuoc diém néu trén cia timg phuong phap. Trong bai bai béo nay,
nhém tac gia lwa chon phuong phap gan dung trong viéc tinh toan su thay d6i 6n dinh tau trén
song.

2.2. Cac phuong phap gan dung trong tinh toan sy thay ddi on dinh cua tau trén séng
_ Dbé danh gia sy thay d6i 6n dinh tau trén song theo bang phuong phap gan dung, ta co
thé sir dung hai so d6 tinh gdm: so d6 tinh thity tinh va so d tinh thay dong [2].

So db tinh thuy tinh duoc xdy dung trén co s& dit tinh tau trén séng voi gia thiét truc
clia song song song véi mit phang co ban cua tau, mé men hdi phuc duge dic trung boi hinh
chiéu cua trong luc va lyc ndi 1én mat phéng suon, ap luc song dugc phan b theo quy luat thuy
tinh. Phuong phap nay dugce trinh bay rat chi tiét trong cong trinh [6, 7], trong do, c6 dua ra cac
cong thirc dung dé danh gia mirc giam 6n dinh khi tdu ndm trén dinh song. Tuy nhién, trong
thyuc té hé théng song do tau sinh ra khi chuyén dong sé& tuong tac v6i hé théng song theo, dan
dén profile cua song tong hop duoc tao nén do su giao thoa ctia 2 hé théng song nay co thé co
hinh dang rat khac so véi hinh sin (hodc dudng dang trochoid) cua profile song hoi quy. Do
vay, trong thuc té tinh toan ngudi ta it sir dung so do tinh nay bai d6 chinh xac cta két qua thu
duoc khong cao dic biét 1a di voi cac tau c6 ty s6 L/B nho va sd Froude 16n [2].

So d6 tinh thuy dong dugc xay dung trén co so hai phuong phap tinh d6 1a: hodc tinh
toan cac tich phan dic trung cho mé men hodi phuc trong khudn kho gia thuyét ciia A.N.
Krylov ¢6 bd sung thém phan hiéu chinh do anh hudng cta sy nhidu xa séng; hodc s dung
cac quan hé hoi quy, dugc xay dung trén so s& cac s6 liéu thuc nghiém sau d6 mo hinh hoa
qua trinh vat Iy cua ching [2].

O day nhém tac gia xin gi6i thiéu phuong phép tinh on dinh trén song theo bang
phuong phap do Nechaev dé xuat (thudc so do tinh thuy dong), duge xay dung trén co so
phan tich hoi quy cac sb liéu thuc nghiém [8]. Day la phuong phap dugc danh gia la c6 do
chinh xac kha cao, boi né ¢6 tinh dén anh huong cia cac thong sd hinh dang than tau, cac
thong sb cua song va sd Froude, chinh vi vAy ma dang kiém Lién Bang X6 Viét nam 1979 da
ap dung phuong phap nay trong viéc tinh toan su thay d6i 6n dinh cua tau trén song [3] va
trong tai liéu chuyén khao mdi nhét cua tac gia Gaikovich [5] khi viét vé 6n dinh cta tau trén
song ciing chi gidi thidu phuong phép clia Nechaev trong tinh toan sy thay doi 6n dinh ciia tau
trén song.

2
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Hinh 3. Sw phu thujc ciia ham sé &h/A, ) vao dé doc ciia séng va géc nghiéng ciia tau [2]
Ban chit ctia phuong phap do Nechaev dé xuit dugc trinh bay nhu sau [8]:
Cénh tay don 6n dinh tinh khi tau chuyén dong trén séng theo duoc xac dinh theo
cong thuc:
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I, =1+Al,,

(1)
Trong do6: | - 1a canh tay don on dinh tinh cta tau trén nude tinh, duoc xac dinh dya
trén cac phuong phap tinh toan thong thuong; Alw - 1a bién lugng canh tay don do anh hudng
cua song.
. Pé tinh toan bién lugng Alw tai goc B = 0° va chiéu dai song bang chiéu dai tau (trudng
hop On dinh gidam nhi¢u nhat) Nechaev dé dua ra cong thuc tinh sau:

Al, =B-10 {q{%,e}i% f(0)+ 28: BnFn(6)+iCpEp(6):|
m=1 n=1 =1

Trong do: B - Ia chiéu rong tau, m; ®(h/A, 0) - 1a ham s6, dic trung cho bién luong
canh tay don 6n dinh tinh cta tau tiéu chuan, ham sb nay phu thudc vao do dbc cua song, goc
nghiéng cua tau va vi tri twong ddi cua tau so v6i séng (ndm trén dinh séng hay dudi bung

()

6
song) duoc xac dinh dya trén cac s6 liéu & hinh 3; Z A, ., (6)- 1a phan hiéu chinh do anh
m=1
hudng cua sy khac nhau giita cac thong s hinh dang va s6 Froude cia tau thiét ké so voi tau
8 3
tiéu chuan; Z B,F,(0) va ZCpE
p=1

n=1

0(0)-1a phﬁn hiéu chinh ddi véi cac sb hang binh phuong va

lap phuong; fm(0), Fn(0) va Ep(6) - 1a ham cta gbc nghiéng, gia tri cua n6é dugc xac dinh dua
trén hinh 4 va 5. Trong d6 F1(0) chi tinh dén néu L/B < 4,82.
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Hinh 4. HamFw(6), Fn(6) va Ex(6) khi tau

Hinh 5. HamFn(8), Fn(6) va Ep(6) khi tau
nam trén dinh song [2] 1

nam dwoi bung song [2]
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Céc tham s6 Am, Bn, Cp durge xé4c dinh theo cac cong thirc:

A= L/B-4,82; A, =B/T —2,670; Az =D/T —1,300; A4 = Cg/Cwp— 0,700; As = Cg/Cm —
0,692, As = Fr-0,28B =A" B, =Ay B =A’; B,= A"l B, = AA; B, = AA; By = AA;
C,=A;C=A;C=A.

Trong do: IT, B, T,D- léq Iuot 1a 7chiéu dai, ghiéu rong, chiéu chim yél chiéu cao man tau,
m; Cg, Cm, Cwp - 1an luot 1a h¢ so béo thé tich, hé s6 béo suon gitra va h¢ s6 béo duong nudc cua
tau.

Khi L/B >7 téc d6 chuyén dong cia tau thuc té khong anh huong dén dai luong Alw,
va cac hé sb fs(0), F5(0) va Fs(0) nhan gi4 tri bang khong.

Cong thirc (2) c6 thé ap dung cho cac tau c6 cac thong sd ndm trong dai gid tri sau:

L/B = 3,2 + 8,00; B/T = 2,00 + 4,20; D/T = 1,05 + 2,20; Cs/Cwp = 0,50 + 0,92; Cg/Cwm
=0,5+0,85; Fr=0,15 + 0,45.

Dbi voi cac song ma ty sd chiéu dai bude song trén chidu dai tau A/L #1 thi gid tri Alw
thu dugc s& duoc hiéu chinh bang cach nhan né véi ham s6 F(A/L) = ki(A/L-1,0) + ko(A/L-
1,0)%+ k3(A/L-1,0)3, nghia la: (Alw)r = FQM/L) Al

Trong d6 cac hé s ki, ka2, K3 - 13 cac hé sd phu thudc vao vi tri twong dbi cua tau so véi
séng:

Khi tau nam trén dinh séng: ki= 0,87; ko= 1,20; ks= 0,21;

Khi tau nam duéi bung song: k1= 0,90; ko= 1,50; k3= 0,39.
3.Vidu ap dung i )

Xac dinh bién lugng canh tay don 6n dinh tinh cia tau hang kho INANA 2 c¢6 s6 IMO:
9552771 [9] trén song dudi véi gia thiét A/L = 1,0; h/A = 1/20.

Tau c6 cac thong s6 sau: L = 90,84 m, B=1580m; T=74m; D=6,2 m; Cg =
0,775; Cwp = 0,891; Cm = 0,962; Fr = 0,20.

Do L/B =5,7 > 4,82 nén ta cF1(0) = 0.

Céc tham sb Am, Bn, Cp co céc gid tri sau: Ar = 0,929; A, = -0,122; A3z = -0,106; A4 =
0,17, As = 0,144; As = -0,08; B1 = 086; B> = 0,0148; B3 = 0,0113; B4 = 0,0129; Bs = 0,0129;
B =-0,0207; Bg =-0,07; C1 = -0,0018; C, = -0,0012; C3 = 0,0015.

Dua trén cac hinh 3, 4 va 5 ta thu duoc gia tri ciia cac ham ®(h/A, 0), Fm(0), Fn(6) va
Ep(6). Tir d6 thé cac gia tri nay cling nhu gia tri cia cac tham sO Am, Bn, Cp vao vao cong thirc
(1) va (2) ta thu dugc bién lugng canh tay don 6n dinh tinh cia tau trén song theo nhu trén
bang 1 va hinh 6.

Bing 1. Bing tinh cdc gid tri bién lwong cdinh tay don on dinh tinh ciia tau trén séng theo

ng?l?écng Trén dinh séng Duwéi bung song
0 1[9], m Alw, m I +Aly I1[9], m Alw | +Alw
0 0 0.000 0.000 0.000 0.000 0.000
10 0.369 -0.162 0.531 0.369 0.036 0.405
20 0.569 -0.278 0.847 0.569 0.054 0.623
30 0.626 -0.310 0.936 0.626 0.061 0.687
40 0.605 -0.285 0.890 0.605 0.029 0.634
50 0.512 -0.240 0.752 0.512 0.020 0.532
60 0.373 -0.220 0.593 0.373 -0.041 0.332
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4. Két luén

Trén co sé nghién ciu vé su thay ddi 6n dinh tau trén song, bai bao di thu dugc nhiing
két qua sau:

- P néu duogc sy nguy hiém cua séng theo dén on dinh tau, dic biét 1a dbi véi cac tau
cd nho;

- P phan loai va lya chon dugce phuong phap phi hop nhit trong tinh toan sy thay doi
6n dinh cua tau trén séng theo trong giai doan thiét ké ban dau:

- Pa ap dung ly thuyét dua ra vao trong tinh toan mot tau hang kho cu thé hoat dong
trén tuyén SB cua Viét Nam, két qua thu duoc 1a phi hop véi quy luat thay déi 6n dinh cua
tau trén song.
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Nghién ctru cac chi tiéu danh gia tinh hiéu qua trong thiét ké tau van tai
Research on assessing efficiency criteria in designing merchant ships

Nguyén Thi Thu Quynh, Nguyén Thi Hai Ha
Truong Dai hoc Hang hai Viét Nam,
quynhnt.dt@vimaru.edu.vn

Tém tit

Bai bdo tong hop va hé thong héa cdc chi tiéu danh gid tinh hiéu quad cia tau trong
giai doan thiét ké phwong dn. Phén tich ddc diém, wu nhwoc diém cia ting chi tiéu danh gid,
tir d6 givip nguweoi thiét ké ciing nhw chii tau c6 thé hea chon dwoc cho minh chi tiéu danh gia
phit hop nhdt cho tau thiét ké trén co sé muc tiéu dé ra trong viéc lira chon phwong dn thiét ké
cudi cing.

Tir khéa: Chi tiéu ddanh gid, tau vdn tdi, hiéu qua kinh té, t6i wu héa.
Abstract

This paper has summarized and systematized evaluating ship efficiency criteria in
concept ship design stage. Analyzing the characteristics, pros and cons of each assessment
criteria may help ship designers and owners select the most appropriate evaluation criteria
for the objectives provided in choosing the final design plan.

Keywords: Assessment criteria, merchant ships, economic efficiency, optimization.

1. Pat van dé

Trong thiét ké hé cong trinh phtic tap néi chung va thiét ké tau van tai noi riéng, nha
thiét ké ngoai viéc thiét ké ra mot con tau dam bao dugc cac yéu cau ky thuat dé ra trong
nhiém vu thu thiét ké va cic tiéu chudn an toan tir phia bang kiém, can phai danh gia thém
dugc tinh hiéu qua cua tau thiét ké du kién dat duoc [1]. O day, tinh hiéu qua cua tau dugc
hiéu 12 muc d6 dat dugc muc dich dé ra trong thiét ké, tinh chat nay duoc the hién trong mdi
quan h¢ tac dong qua lai gitra tau thiét ké va diéu kién ngoai canh va no la yeu t6 mang tinh
chat quyet dinh, béi muc tiéu cudi cung trong thiét ké tau van tai ma nguol thiét ké va cha tau
huong dén, d6 chinh 14 tau thiét ké ra phai dat dugc hi¢u qua cao nhét & day chinh 1a hi¢u qua
kinh té.

D¢ co thé danh gia duoc mirc do hiéu qua ma tau thiét ké dw kién mang lai, nguoi ta
dya trén céc chi tiéu hiéu qua dang duogc ap dung pho blen trén thé gidi trong linh vuc thiét ké
tau. Tuy nhién, 0 trong nudc, hién tai cac tai liGu viét vé cac chi tiéu hiéu qua trong thiét ké
tau van tai con rat han ché va chu yeu mai chi dung lai & mure gidi thi¢u ma chua c6 tai ligu
chuyén su nao [1].

Nhu vay, tir van dé néu trén, trong bai bao nay nhom tac gia sé di vao viéc tong hop va
phan tich mot cach co hé théng cac phuong phap déanh gia tinh hiéu qua trong thiét ké tau
nham muc dich phuc vu cho bai toan t6i wu hoa thiét ké tau trong giai doan thiét ké phuong an
(thiét ké ban dau).

2. CAc chi tiéu danh gia tinh hiéu qua trong thiét ké tau

Trong thiét ké tau, viéc danh gia hiéu qua néi chung va hiéu qua kinh té noi riéng cua
tau thiét ké dugc thuc hién ngay tir khi né con dang nam ¢ giai doan thiét ké phuong 4n, nham
muc dich Iira chon ra phuong 4n mang lai hiéu qua kinh té cao nhat trén co s so sanh mirc do
hiéu qua giira cac phuong an thiét ké v6i nhau [1]. T4t nhién, trong truong hop nay gia tri vé
tinh hiéu qua cta tau chi ¢ tinh chat du bao va khong thé co duoc do tin cay tuyét d6i do
khong du cac thong tin dau vao ciing nhu mirc do chinh xéc cua ching. Ngoai ra, viéc xdy
dung cac chi tiéu danh gia tinh hiéu qua cua tau thiét ké 12 mot qua trinh mang tinh chat chu
quan cua ngudi thiét ké hay cua chu tau méc du cac thu tyc tim kiém né mang tinh chat khach
quan. Nhu chung ta dd biét cac cong trinh k¥ thuét phtre tap noi chung va tau van tai noi
riéng, 14 mot hé théng c6 vong doi twong ddi dai va trong vong doi phuc vu cua tau thi chit
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luong ctia tau c6 thé s& thay doi dang ké dan dén sy phan bd hidu qua va chi phi theo thoi gian
c6 thé 1a rat khac nhau [1].

Dé danh gia cac tinh hiéu qua clia tau van tai trong viéc lya chon phwong an téi wu cho
tau thiét k&, ngudi ta str dung cac chi tiéu hiéu qua phi kinh té cling nhu cac chi tiéu hiéu qua
kinh té. Tuy nhién ca hai chi tiéu ndy déu c6 mdi quan hé mat thiét véi nhau [3].

2.1. Chi tiéu phi kinh té

Chi tidu téi thiéu hoa lwong chiém nuwdéc. Chi tiéu nay dugc xét dén trong viéc lua
chon phuong 4n téi wu cho tau thiét ké khi tau thiét ké thoa man tat ca cac yéu cau khac:

A — min @

Chi tiéu phi kinh t& véi ham muc tiéu luong chiém nuéc ti thiéu hoan toan khong
mau thudn véi chi tiéu kinh té, béi ham muc tiéu (1) da dugc ngadm hiéu 13 tdi thiéu hoa chi
phi déng tau va chi phi khai thac. Trong giai doan thiét ké phuong an thi gia tri lwong chiém
nude ¢ thé duoc xac dinh véi d6 chinh Xac va tin cdy cao hon la cac chi ti€u kinh té. Chinh
vi vay, chi tiéu nay thuong duoc sir dung dé so sanh tinh hiéu qué cta cac phuong 4n thiét ké
trong giai doan thiét ké ban dau.

Chi tiéu khai thdc - ky thudt. Theo tac gia Asik V.V. [3], ngoai chi tiéu phi kinh té 13
tdi thiéu hoa luong chiém nuGc & trén, ta co thé st dung chi tiéu hi€¢u qua 1a kha nang van
chuyén 16n nhét cua tau trong mot nam (tin - hai 1y):

Q =Ptv, — max (2)

Trong d6: P - lugng chét tai trung binh trong mot chuyén; t - tong thoi gian hanh trinh
trong mot nam cua tau; Vit - van tdc khai thac trung binh cua tau.

Chi tiéu phi kinh té rat don gian va tién lgi trong sir dung, nhung né chi mang tinh
chat phu, bai mot trong nhitng chi tiéu quan trong trong thiét ké tau van tai d6 chinh 1a chi
tiéu kinh té.

2.2. Chi tiéu kinh té

Chi tiéu kinh té 13 chi tiéu tong quat nhat trong thiét ké tau van tai, boi nd cd thé duoc
ap dung dé danh gia chit luong ciia mdt cong trinh ky thuat c6 cong dung bat ky. No rat tién
loi khi thiét ké cac cong trinh véi ciu tric nhidu mirc, bdi n6 ¢ ban chat cong tinh.

Dé danh gia chi tiéu kinh té trong thiét ké tau, nguoi ta thudng st dung céc chi tiéu
hiéu qua sau:

Loi nhudn hang nam trén gia thanh dau tw. Pay 1a chi tiéu duoc tac gia Asik V.V. [3]
dé xuét, chi tiéu nay co dang nhu sau:

E, =(D-C)/K — max 3

Trong d6: D - tong doanh thu trong mdt nam tir viéc khai tac tau; C - tong chi phi khai
thac trong mot nam; K - gia thanh dong tau.

Toi thiéu héa chi phi riéng quy déi. Pay 1a chi tiéu duoc Arnold V.I [4] d& xuat, nd
duogc xac dinh theo cdng thic:

C+EK .
C :T—>mln, (4)

y

Trong do: C- téqg chi phi khai thac trong mét nam; K - gia thanh déng tau; E - hé 5O
thoi gian hoan von; Q - tong lugng hang tau van chuyén duoc trong mot nam.

Toi thiéu héa chi phi quy déi. Khi dénh gia hiéu qua kinh € va phi kinh té tic gia
trong cong trinh [3] d€ xuat stir dung chi ti€u to1 thi€u héa chi phi quy doi:

Cr = C + EK —min 5)

Mot cach logic ta thiy rang, gia thanh dong va céc chi | phi khai thac tau ty 16 thuén voi

kich thudc tau, nghia 1a ty 1& véi lwong chiém nudc, cong sudt cia hé thiét bi ning luong cua
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tau. Khi st dung cong thirc hé sb Hai quan dé xac dinh cong suat, ta c6 thé dua cong thic (5)
vé dang;
Cr = (KyuA+K APV 1 CL) + (LT, Ky, +K A7V 1 C )= aA+a,A™ (6)

Trong do: A - lugng chiém nudc toan tai cia tau; Vs - van tdc thiét ké cua tau, knots (la
mot hiang s6); Cn - hé sé Hai quan, dic trung cho hinh dang tuyen hinh tau va chat lugng day
cua tau (trong truong hop nay Cy cling c6 thé duoc coi 1a mot hang s6); Thy - dinh mirc thoi
gian hoan vbn (dugc chi ra trong nhiém vu thu, ciing dugc coi 13 mot hing so) kg1 va kKl -
tuong ung la chi phi khai thac trong mot nam va gia thanh déng trén mét tan luong chiém
nudc; kg2 Va iz - 1an luot 1 chi phi khai thac trong mot ndm va chi phi déng tau trén mot don
vi cong suét' ai, a2 - 1a cac hé $0.

Céc thanh phan chi tiéu trong cong thirc (5) va (6) la cac ham s6 don diéu tuong Ung
vé6i céac kich thude cha yéu cua tau, ching 13 cac thong sé can tdi wu trong bai toan thiét ké
tau.

Trén co s& cau trac cua cong thirc hé s6 Hai Quén, chi tiéu (6) c6 thé duoc biéu dién
dudi dang khac nhu sau:

CR = (kglA+ sz /Thv)A+ (kg2 + sz /Thv)Ps = A(ai "'azps /A)’ (7)

Trong d6: Ps - cong suit cla h¢ thiét bi nang luong; cac ky hiéu ccon lai c6 y nghia
tuong tu nhu trong cong thirc (6). Cau tir thir hai trong ngodc don cé thé dugc hiéu nhu 1a
muc trang bi nang lugng riéng cua tau.

Ngoai hai chi tiéu yé kinh té néu trén, trong nén kinh té thi truong, nguoi ta con st
dung céc chi tiéu vé kinh té nhu sau:

Chi tiéu ldi sudt tuwong dwong I6n nhat, chi tiéu nay dugc xac dinh theo cong thire [1]:

AP =[i@+i)"™ 1/[(+i)™ —1] — max (8

Trong d6: A - tong doanh thu trong mot nam; P - tién dau tu; Tphy - tong thoi gian khai
thac cta tau; i - 13i sudt can tim, duoc xac dinh qua viéc gidi phuong trinh trén.

Chi tiéu 13i suit twong dwong 16n nhat dugc ap dung dé so sanh cac phuong 4n tau cd
thoi gian phuc vu khac nhau: khi xac dinh 1ai suat I can lay thoi gian phuc vu khac nhau N dé
tinh. Lai suat can tim s€ dugc xac dinh dwa vao cong thirc (9) theo phuong phap gan dung lién
tiép.

Chi tiéu ty sudt hoan von ndi tai vé kinh té 16n nhat (EiRR), chi tiéu nay dugc xac dinh
theo cong thue [1]:

phv

ZP/(1+|) ZA/(1+|) — max (9)

Trong d6: T - Téng sd tién nam trude d6 da dau tu; Py, A; - 14 tong doanh thu trong
nam; i - 131 sut can tim thu duoc qua viéc giai phuong trinh trén.

Theo Qé Xudt ctia cac tac gia [5] va [7], chi ti€u nay s€ dugc ap dung vao trong truong
hop khi c6 thé dy dodn dugc doanh thu du kién va sy thay doi cua ching trong vong doi cua
tau (thoi gian phuc vu cia tau).

Chi tiéu gid tri hién tai toi thiéu (trong tiéng Anh n6 dugc ky hiéu 1a PW), chi tiéu nay
duoc xac dinh nhu sau:

Tphv

PW =P+>y /(1+i); (10)

Trong do6: Yt - cac chi phi hién tai trong ndm thit i; P - Cac chi phi dau tu.
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Chi tiéu gia tri hién tai tdi thiéu dugc st dung dé so sanh cac phuong an thiét ké tau co
vong doi nhu nhau, con tong doanh thu hang nim chua biét va c6 thé thay ddi theo thoi gian,
nhung 13 nhu nhau d6i véi tat ca cac phuong 4an.

Chi tiéu chi phi ddu te toi thiéu (trong tiéng anh n6 dugc goi 1a Capitalized costs)
dugc st dung trong truong hop so sanh cac tau c6 vong doi khac nhau. Trong truong hop nay
n6 dugc xem xét 1a mot qua trinh v han cua viéc dong mdi, khai thac va khoéi phuc tau trong
thoi gian N. Trong cac nam N, 2N, 3N,... tau s€ dugc phd do hodc dugc ban véi gia L va lai
mot 1an nita dau tu tiép trong viéc dong tau khac P [1]. Chi tiéu nay dugc x4c dinh theo cong
thire:

CC= P+(y+r)2 =P+ y+M—1 /i— min (11)
o (1+ )°° @+

Trong d6: y - cac chi phi hién tai; i - 13i sudt twong duong; L - gia tri str dung ctia hé

trong nam khai thac cudi cung ciia tau Tph.
3. Panh gi4 hiéu qua kinh té ciia tau dwa trén cac xac suit chi tiéu hiéu qua

C6 rét nhidu yéu td c6 tinh chat ngau nhién dnh hudng dén hiéu qua kinh té coa tau
dan dung noi chung va tau vén tai ndi riéng. Do vay, viéc danh gia hiéu qua kinh té cta tau
cling s& c6 tinh chat x4c suat. Viéc xay dung cac danh gid mang tinh xac suat nhu trén dugc
trinh bay trong cong trinh [1, 5], theo d6 tac gia nguoi Nga GS.TSKH. Gaikovich da bién
minh duoc sy can thiét su dung cac xac suét chi tiéu hiéu qua nhu sau:

- Véc to W la vee to chira cac thong tin vé diéu kién ngoai canh, noi chung cac didu
kién nay c6 tinh chat ngau nhién nhu: muac thué xuat, khoi luong hang van chuyen trong mot
chuyén, cac thong s kich thudc va khéi lugng cua loai hang van chuyen thoi gian va chi phi
sua chira, cac trang thiét bi trén tau,... déu l1a cac dai lugng c6 tinh chét dao dong trong dai nao
do;

- Gia thanh dong tau dugc tinh toan theo phuong phap nay hay phuong phap kia co thé
dugc coi la dai luong c6 dinh trong mdi giai doan thiét ké. Trong giai doan thiét ké phuong
an, khi giai quyét van dé veé loi ich (tinh hop 1y) trong viéc dong tau va lya chon phuong an
t6i wru cho tau thiét ké, gia thanh dong tau s& dugc tinh toan chinh xac dén muc d6 nao d6
dudi cac didu kién chua chic chan (gia dinh). Thuc té, & giai doan nay ta chua xac dinh duoc
chinh xac cac thanh phan khdi lugng, két cau than tau va cong nghé dong tau, chua xac dinh
duogc t6 hop céc thiét bi cu thé,... Noi cach khac, véc to X sé& 1a véc to chira dung cac thong tin
vé cac giai ‘phap k¥ thuat khi thiét ké tau nhung chua day di. Khi tinh toan gia thanh dong
m&i, thuc té nguoi ta thuong du doan véc to nay;

- Trong tinh toan hiéu qua kinh té clia tau nguoi ta thuong sir dung cac dir liéu vé cac
khéi luong thanh phan cia tau, van toc tau, cong suat cta cac may chinh va phy, v.v... Trong
giai doan thiét ké ban dau cac dir lidu nay, noi chung chi mang tinh chit so bo (dinh hudng)
boi chiing duoc x4c dinh qua cac cong thirc gan dung c6 sai s6 thong ké. Tir do dan dén viéc
tinh toan khdng chinh xéc gia thanh déng tau va chi phi khai thac khi sir dung cac sd liu nay;

- Theo thoi gian, s& xuat hién nhitng thay ddi trong viéc quan 1y khai thac va bao
dudng tau, dic diém cua loai hang van chuyén, thoi gian va chi phi sira chira,...

- Su phan phdi cac chi phi khai thac, sé lwong hang dugc van chuyén mdi nim s&
khong giéng nhau trong toan by vong doi cua tau.

Nhu vay, tur cac van de néu trén ta thiy rang dé tang mirc do chinh xac trong danh gia
hiéu qua kinh té cta tau thi can phai xay dung phan phi xac sut chi tiéu hiéu qua kinh té
gitra cac phuorng an thiét ké. Trong truong hop nay, nguoi ta s€ sir dung chi tiéu “Tinh lau dai
cua gia tri” dugc tao nén tur cac gia tri ngan han dbi voi cac didu kién sir dung cua tau cu thé
(vi du: trén cac tuyén riéng trong khoang thoi gian mot nam), theo quy tic [1]:
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ZZ Prob,, (12)

teT tel

Trong do: fit - 1a gia tri hiéu qua kinh té cua tau trong nam thir t khi str dung tau theo
phuong phap i (trén tuyén duong i); | - tap hop cac phuong phap sir dung tau; Probit- xac suét
st dung tau theo phuong phap thir i trong nam thir t, khi d6 > Prob, =1 dbi voi bat ky nam

nao trong toan by vong doi cua tau T.
Trong cong trinh [5] Pashin khuyén nghi xem xét hai ham chi tiéu sau:
Loi Qhuan trung binh hang nam fpit tr viéc khai thac t‘au mang lai, dugc tinh toén trén
co so tinh dén toan bo thoi gian phuc vu cua tau va khoan dau tu vao viéc dong tau. Khi do,
chi tiéu fpit trong nam thr t khi sir dung tau theo phuong phap thir i s€ c6 dang:
Dit _Cit

=t (19

Trong d6: Dit - tong doanh thu trong ndm; Cit - tong chi phi khai thac trong nim; K -
gia thanh dong tau.

Chi phi riéng quy ddi trung binh hang nim trén mot don vi hang héa fa ma tau van
chuyén, duoc tinh toan trén co s& c6 tinh dén céc chi phi khai thac trong toan bo thoi gian
phuc vu cua tau. Chi tiéu f;t trong nam thir t khi sir dung tau theo phuong phap thir i s€ co
dang sau:

E, K-C,
fzit == <
Qu

Trong d6: En - 1a hé sé dinh muc hiéu qua dau tu; Qit- 1a khdi lwong hang ma tau van
chuyén duoc trong mot nam theo phuong phép th i.

Trong cd hai truong hop tiéu chuin kinh té cua tau ké trén, Cr 12 mot ham da bién,
nghia 1a Cr = f(W,X).

Su phan phdi xac suét chi tiéu Cr(X) khi cho trudc su phan phbi cac thong sé dau vao
s& khong thé thu dugc truc tlep bang phuong phap giai tich bién ddi cac dai lwong ngau nhién,
boi chung chi thich hop d6i véi mot sé ham ddi s6 ngau nhién don gian. Con trong trudong
hop ciia chung ta thi chi tiéu hiéu qua 1a ham phi tuyén phiic tap. Mot trong nhitng phuong
phap don gian nhat dé xac dinh su phan phdi ctia cac ham nhu thé 1a phuong phap m6 hinh
thong ké. Tuy nhién, trong mot sO truong hop vi€e tinh toan c6 thé mat rat nhleu thoi gian.
Trong cong trinh [5] dé xuat phwong phap hoi phuc (thiét 1ap lai) sy phan b6 can tim dua trén
viéc udce tinh bdn diém dau tién.

Viéc thiét 1ap lai su phan phéi xé4c suét chi tiéu hiéu qué kinh té cua tau, ta c6 thé sir
dung ba phuong phap sau [1]:

- St dung ho duong cong Pearson;

- Biéu dién mat do phan phéi can tim dudi dang day dao ham;

- Lua chon sy chuyén dbi chi tiéu nhu thé nao d6 dé sy phan phéi cua né cé thé duoc

md ta bang cac quy luat da biét, trong d6 c6 phuong phéap chuyén ddi Johnson.

Pé danh gia cac chi tiéu dudi dang phan phdi cac dai lugng ngdu nhién ngudi ta
thuong dua vao cac ham thay cho viéc danh gia cac diém.

Dé so sanh sy phan phdi xac suat khac nhau vé chi tiéu kinh té gitra cac tau, tac gia
ngudi Nga GS.TSKH. Gaikovich dé xuit sir dung mét trong cac phuong phap sau:

Trong s6 cac tau duoc dua vao dé so sanh, ta s& lya chon cac tau co xac sudt xudt
hién murc do sinh loi C1 (loi nhuan) 16n hon mot gia tri ¢ dinh nao d6 p1 (trong truong hop
riéng p1 - 1a mirc d6 sinh loi tiéu chudn), nghia la:

(14)
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Prob(C, > p,) — max (15)

Trong trudng hop nay, coi su phan phdi xac suét cta cac chi tiéu hiéu qua kinh té cua
cac tau so sanh duogc tiéu chuan hoa.
Néu sir dung chi tiéu hiéu qua kinh té 13 chi phi quy d6i Ca, khi d6 ta s& loai bo cac tau
c6 xdac suat chi phi 1én hon mure chi phi p2 ¢6 dinh nao do, nghia 1a ta s€ chon tau co:
Prob(C, < p,) — min (16)

Miic chi phi p2 trong cong thirc (16) c6 thé 1a gia tri ky vong toan hoc cua chi phi quy
d01 cua tau. Khi so sanh cac phuong an cua tau thiét ké trong qua trinh lira chon cac thong so
t61 wu thi muc chi phi p2 ¢6 thé duoc xac dinh dua trén tiu mau hodc phwong an quy udc cua
tau véi cac gia tri trung binh thong ké. Gid tri cu thé cua pz2 can phan duoc xéac dinh trén co s¢
phu thudc vao dic trung cua bai toan can giai quyét.

Tbi da hoa mirc d6 sinh loi (loi nhuan) theo mirc dam bao dit ra hodc tdi thiéu hoa
mirc chi phi quy ddi. Pbi voi truong hop dau tién, ham sb ciia né dugc xay dyng nhu sau:

91:61_0_||5_l(a1w“31ﬂ4)|_)max (17)

Trong truong hop thir hai, ham sé ctia n6 c6 dang nhu sau:

9, =C, —o|P[(L- ), 145, 12,)| — min, (18)

Trong d6: g1 - 12 bién mirc d6 sinh loi ctia tau; g2 - 13 bién muc chi phi quy ddi cua tau;

- gia tri ky vong toan hoc cua lgi nhuén trong toan bd thoi gian phuc vu cia tau; C, - gia
tri ky vong toan hoc ctia chi phi quy ddi trong toan bo thdi gian phuc vu cia tau; ¢, - su dam
bao (mao hiém) thu duoc mirc do sinh loi nam dudi bién g1; «, - su dam bao (mao hiém) thu
dugce mirc chi phi quy ddi 16n hon bién gz; o - Sai s6 binh phuong trung binh cua chi phi quy
d6i; P - 1a ham bang; ,,u, - 1a cac trung diém thir ba va thi tu ciia sy phan phdi chi tiéu
hiéu qua kinh té.

Dé xac dinh bén diém dau tién ciia ham phan phdi cac chi tiéu hiéu qua, trong cong
trinh [1] di tong hop dugc cac phuwong phap sau. Ham phan phdi chi tiéu hiéu qua duoc
chuyén vé ddy khai trién Taylor twong tmg vé6i d6 ky vong toan hoc argument ctia ching. Sau
d6, cac diém phan phdi cia ham chi tiéu s& duoc tinh theo bdn diém dau tién duoc dua vao
trong ham argument nay.

Trong thyc té tinh toan, viéc lya chon cac ham (15) + (18) phu thudc vao diéu kién cta
bai toan can dugc giai.

bdi voi viée gidi cac bai toan can muc do tin cay trong viéc thu dugc tinh hi¢u qua 16n
hon gi tri dua ra hodc murc tiéu chuan, trong truong hop nay nén sir dung hai ham déu tién.
Hai ham con lai thich hop cho viéc giai quyét cac bai toan can giam muc do dam bao va co
hiéu qua thép.

Trong céc truong hop, khi gia tri bién va xéac suat trong viéc thu dugc cac chi tidu hidu
qua kinh té cua cac tau dugc so sanh c6 sy khac biét 16n thi can thiét phai tién hanh ddi chiéu
cac tham s6 phan phdi khac nhu:

- Gid tri chi tiéu dic trung cho hiéu qaa kinh té cao cua tau voi mic dam bao dé ra;

- Muc ky vong toan hoc cua chi tiéu trong vung gié tri cua ching twong trng véi mac

hiéu qua cao hon so véi gia tri cho phép nhé nhat.
4. Két luan

Trén co s& tong hop va phan tich mot cach co hé thong cac phuong phap danh gia chi
tiéu hiéu qua trong thiét ké tau van tai, bai bao da thu dugc nhitng két qua sau:

- P tong hop va phan loai dugc cac chi tiéu hiéu hiéu qua trong thiét ké tau vén tai
dang duoc ap dung phd bién trén thé gidi;
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- Pa néu bat duoc wu va nhuge diém cia ting chi tiéu ap dung vao trong viéce danh gia
hiéu qua kinh té cua tau;

- Viée str dung x4c sudt chi tiéu hiéu qua sé& c6 tinh khach quan hon va chinh xac hon
ve gia tri cua cdc chi tiéu hiéu qua so vo1 viée tinh toan chung theo cac phuong phap truyén
théng dudi dang ky vong toan hoc. Ngoai ra, ching con ¢6 wu diém 1a c6 d6 nhay 16n dbi voi
cac thong sb can tdi wu, do vay tot nhat nén sir dung ching trong cac bai toan tim nghiém tbi
uu;

- Két qua thu dugc trong tinh toan tinh hiéu qua cua tau trong giai doan thiét ké
phuong 4n chi c6 tinh chat du bao va khong thé co dugc do tin cay tuyét dbi do khong du cac
thong tin dau vao ciing nhu mirc d6 chinh xac va sy thay d6i cua ching trong vong doi khai
thac cua tau.
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Tinh toan lwe cin song cia tau ba than
bang phwong phap nghi¢ém hiru han
Estimating wave resistance of trimaran using finite root method

Nguyén Vin Vo
Truong Dai hoc Hang hai Viét Nam,
vonv.dt@vimaru.edu.vn

Tom tat

Bdi bdo trinh bay cdc ludn cir va co sé Iy thuyét dé xdc dinh luc can séng cia tau ba
than bang phirong phdp nghiém hitu han (phwrong phdp nghiém goc). Trén co s6 so sanh két
qud tinh todn bang Iy thuyet nay voi cac so ligu thir nghiém da dwoc cong bé, khang dinh tinh
thoi sw cua gia thuyét vé “tau manh” cia Mitchell dé dw dodn luc can néi chung, lwc can
song ciia tau ba thin néi riéng trong giai doan thiét ké ban dau.

Tir khoa: Lyc can song, tau ba than, phwong phap nghiém hiru han.
Abstract

This paper presents foundations and basic theory to calculate wave resistance
of trimaran using finite root method (original root method). On the basis of comparing the
result obtained by the theoretical method to the experimental data which has been published,
this paper substantiates the topicality of Mitchell's “thin ship” theory for predicting the ship
resistance in general, the wave resistance of trimaran in particular in the initial design.

Keywords: Wave resistance, trimaran, finite root method.

1. Giéi thi¢u chung

Tau ba than (con goi la trimaran) thudc vé ho tau nhiéu than. Tau ba than bao gém
than chinh gitra va hai thdn man. Thong thuong, theo truyén thong thi than gitra 16n hon cac
than man.

Luc can cua tau thuy noi chung, cua tau ba than ndi riéng, c6 thé duoc xac dinh nhu 13
lyc can thiét dé kéo duoc né véi van tde da cho & didu kién xac dinh. Lién quan dén cac thanh
phan ctia lyc can toan phan, cé hai so d6 biéu dién.

So do thir nhat goi 14 so do Froude, tir so dd nay ta thdy rang, thanh phan co ban cta
lyc can tau thuy 1a Iyc can cua vo bao cua no, tirc la lyc can ma sat (Rr) va luc can ap sudt
(Rp). Luc can ma sat dugc quy udc la img suit tiép tuyén va duogc tinh theo phuong phap tich
phan cac mg suat nay doc theo mit wdt ctia tau. Luc can ma sat c6 thé dugc xac dinh bang
cach sir dung cac hiéu chinh dudng cong ctia Héi nghi cdc Gidm doc Bé thir Thé gidi nam
1957 (ITTC-1957) hoac bat ky cac phuong an thyc hién hiéu chinh nao khac ctua duong cong
nay. Luc can ap suat lién quan dén Ung sudt phap tai mat udt cua tau 6 hudng chuyén dong va
bao gom lyc can séng, luc can do phéa song va luc can ap suat nhét (lyc can hinh dang). Cac
thanh phén co ban cua luc can toan phén c6 thé dugce viét nhu sau:

R, =R. +R;; R, =0,5C;pSv®; R, =0,5C;pSv’; R. =0,5C.pSv°,

Trong d6: p, S va v - tuong mg 1a khéi lwong riéng ciia nudc; dién tich mat wdt va toc
do tau.

So do thir hai do Hughes dit ra, cac thanh phan cta luc can toan phan dugc biéu dién
tir hai thanh phan chinh, 1a lyc can nhét (Ry) va luc can song (Rw). Trong luc can nhét Ry bao
gdm lyc can do pha soéng Rwe, luc can ap suat nhét (Iuc can hinh dang) Rve va luc can ma sat
Rr. Cac thanh phan khac ctia luc can ma c6 thé dua vao trong luc can toan phan 1a Iyc can
khoéng khi (lién quan dén c6 hodc khong co gid). Luc can séng duge cho 1a chiém ty trong 16n
nhét trong luc can du.
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Phuong phap khac biéu dién cac thanh phan luc can cia tau 1a st dung phuong phap
yéu t6 - hinh dang. Toan bd cac thanh phan cua luc can, cling nhu cac hé s6 cua no dbi voi tau
va md hinh cia né c6 nhing lién hé twong tng. Khi d6 véi cac “chi s6 dudi” 1a “M” va «S”
lién quan dén mé hinh va tau thyc trong tng.

Rr =Ry + Ry, Cr =Cy +Cy;
Ry = (1+K)Rgq, Cv =(A+K)Ckgy;
Ry =Ry —(1+K)Rgg, Cw =Cy —(1+K)Cro; Cum = Cus-

Nghién cutru lyc can cua tau thuy noéi riéng, thuy dong luc hoc cua tau thuy noi chung,
thuong sir dung ba bién phap co ban: nhan dugc 101 giai giai tich; thir nghiém vat 1y trong bé
thir; sir dung phuong phap s6. Mot trong nhitng phuong phap s6 13 phwong phdp nghiém hitu
han.

So db biéu dién hinh dang ngoai cua tau ba than thé hién trén hinh 1 va hinh 2.

p p
< >« >
l l
Te Ts
Bg Bc Bs
P D SE— I —

Hinh 1. Ngogi hinh ciia tau ba than (dang hinh chiéu canh)

Huéng doc LS
Ay
—>
b oLy — *La/2 B
(0, 0) . A
| _—T Thén trai Huong
_ R ' ngang p
Buai Thén gitia Mai
B R g
|12 0.0) ¥ Lop/2 U
cH/ cH2|
AY
Théan phai
-~ ~ N
—
y - Ls/2 (0,0) X + Lgr/2

Hinh 2. Ngogi hinh ciia tau ba thédn (dang hinh chiéu bing)

2. Co s6 Iy thuyét
2.1. Tich phén lwe cdn song

Céc nghién ctru hién nay déu sir dung dang ham tich phan méi di véi luc can song
cta tau hai than, dugc dua ra boi Tuck E.O va Lazauskas L. [4], va dugc phat trién bai
Faltinsen Odd M. [5] v&i cac két luan vé vi tri bién do song dbi voi tau mot than tir cong trinh
ctia Newman [3]. Cong thirc kha téng quat nay tinh dén anh hudng ciia dic trung hinh hoc
theo phuong ngang va doc nhd cac yéu td giao thoa ciia cic than twong tng HIFT(6) va
HIFL(6).
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TH hop h¢ song duge mo ta bdi cac biéu thire tuong ng:

_ Ir/2 ig )
¢i(x,y)= Reﬁ{/2 A ()exp [m(xjocow + yjosmé’)} X

. 1)
—ig . ] )
xexp| ————(xcos@ + ysin@g) |dé; =1, .,n;
p{uzcosza( ¥ )} J n
_ —ig RPN
A(0) =2 A(0); xexp{—U "o0s’d (xjcosa+yjsm0)}, ji=1, ..n. (2)

DAi v6i tau ba than thi n = 3.
Tach phan thuc cua biéu thirc ndy, c6 thé viét ham tich phan luc can séng dudi dang

sau:

2 m/2 2
Ry = U I |A(0)jdh| HIF(0); x HIF_(0); x cos’0.d0. ©)

—n/2
HIE. (9) = cos?| —2% J; 4
(@) (Uzcose @
0,5(2 p/L)sinaj

HIF, (#) = cos® . S
(0) [ Frecos’0 ©)

Boi vi vi tri twong d6i theo chiéu doc cua than giita va cac than man 13 ¢ dinh thi x
trong biéu thirc d6i voi HIFL(0) duoc thay thé bai LS, tirc 1a & khoang cach doc giita gdc toa
do dbi voi than gitra va céc than man. Khi ma géc toa d§ ¢ hudng doc ddi voi tht ca cac than
LS =0 thi ung HIF(6) = 1.

2.2. Bién thé ciia cong thirc ban diu dé tinh lwc cin séng

Gidi han trén 772 dugc Tuck - Lazauskas sir dung trong tich phan luc can song cia tau
nhleu than trong cong trinh nay dugc thay thé boi goc truyén song 16n nhit & max. Gia thuyét
vé goc truyen song 16n nhat nay 1a sy xép chdng rat phirc tap cua cac hé song phan ky va song
ngang c6 thé co. Co thé cho rang, gia tri & max bang nghiém hiru han cua ham tich phéan luc
can song va dugc xéac dinh bang phép lap trén co s mot sb lan gan dung ban dau. Khi d6 qua
trinh ldp s& tim duoc 6y max duoc thyc hién trong ving goc 6 gan véi #72. Ap dung phuong
phap da dit ra ¢ trén s& dan dén 10i giai chinh x4c, ma trude d6 da sir dung thanh cong trong
cac nghién ctru twong ty ddi véi tau mot than va tau nhiéu than [6]. Chi ¥ d&én cac chi dan &
trén, biéu thirc bién thé ctia Rw d6i véi tau ba than dugc viét dudi dang:

R, = 2[%1]2] j aX|A(0)CP| HIF, (0)sec’0.do. (6)

2.3. Phwong phap tinh

Pé thyc hién tich phan theo toa do doc trong cac tich phan, than man dugc chia ra
thanh nhimg khoang bang nhau doc theo mit phang dbi xtng ciia tau (mat cit suon), cling
nhu theo huéng thang ding (mat phing duong nude). Sy phan chia than tau theo chiéu doc va
theo phuong thing dimg khi tich phan thi déu cho két qua nhu nhau.

Su chia géc dugc thuc hién voi bude béng 1 d6 ¢ trong gidi han tir 0 dén 88 do, con &
ngoai gia tri nghiém gdc hitu han G max - duoc chia véi bude bé hon.

Tich phan ban dau ddi v6i than man va than giita dugc tinh trong nhimg chwong trinh
riéng biét, sau d6 st dung dé tinh toan luc can song cudi cung Rw. Ngoal yéu t6 giao thoa
ngang cua cac than HIFt(6), nhu di néi ¢ trén ddi voi tau hai than, d6i voi tau ba than can
phai dua vao va tinh d&én yéu t6 giao thoa doc cta cac than HIFL(6). Céc kich thudc chinh cua
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than gitra va thin man cua tau ba than d6i voi bon trudng hop tinh toan duogc thuc hién khao
sat nhu dudi day.
3. Vidu ap dung
3.1. Céc s0 liéu dwa vao tinh toin
Céc kich thudc chu yéu cua 4 mé hinh tau ba than, v6i than tau dang Wigley, dua vao
tinh toan va thtr nghi¢m dwoc gidi thi¢u tai bang 1.
Bing 1. Céc kich thwéc chii yéu ciia mé hinh tau ba thin

Than tau Wigley

TT Cac dac trung 1 ) 3 4
1 | Chiéu dai theo duong nudc Lwi, m 1,8 2,5 1,292 2,584
2 | Chiéu chim T, m 0,1125 | 0,1547 | 0,0762 | 0,1524
3 | Chiéu rong theo dudng nudc Bwi, m 0,180 | 0,125 | 0,12192 | 0,24384
4 | Luong chiém nudc A, t 0,0162 | 0,0309 | 0,005034 | 0,010068
5 | Dién tich mit w6t S & chiéu chim T, m? 0,482 | 0,921 | 0,2221 | 0,4442

Khoang céch ngang gilta than chinh va
than man p, m

: ] (xem bang 2 va bang 3)
Khoang cach doc gitra goc toa do than
gitra va than man LS, m

Chii y: Than tau Wigley 4 c6 kich thudc 16n gap hai lan than tau Wigley 3.
3.2. So sanh két qua tinh toan bang giai tich 1y thuyét véi két qua thir nghiém
Két qua tinh toan bang phuong phap 1y thuyét (phuong phap nghiém hiru han) duoc so
sanh v&i két qua thir nghiém mé hinh c6 céac kich thudce khac nhau, nhu ddi voi cac trudng
hop (1) + (4) dugce thuc hién tai bé thir ctia Trung tam Céng nghé bién thudc Truong Pai hoc
tong hop KulaLumpur, Malaysia va da duoc cong bd. Khi d6 tudn thi cach lam tiéu chuan da
chuén bi va thir nghiém ciing nhu higu chinh két qua ctia nd. Phén tich két qua thyc nghiém
duoc thyc hién pht hop véi cach lam va khuyén nghi caa ITTC-1957 ¢6 chd y dén phuong
phap yéu té - hinh dang.
Bdng 2. Gia tri CW theo thuc nghiém

Gia tri thuc nghiém Cw.10° [truwong hop (1) + (4)]
Fr Trwong hop (1): Trwong hop (2): Trwong hop (3): Trwong hop (4):

2p/L = 0,216; 2p/L =0,288; 2p/L =0,216; 2p/L = 0,288;

LS=0m LS=0m LS=-0,35m LS=-0,35m
0,255 0,253 0,604 0,432 0,214
0,339 1,433 2,189 1,439 1,044
0,424 6,187 5,778 4,914 4,333
0,509 5,106 4,533 4,528 3,740
0,594 3,623 3,254 3,023 2,501

Két qua thir nghiém xac dinh dugc quan hé Cw = Cw(Fr) dugc thé hién & bang 2 va db thi
hinh 3, con két qua tinh bang phuong phap 1y thuyét dugc thé hién & bang 3 va dd thi hinh 4.
Truomg hop (1): than tau Wigley 1 va 2, so sanh két qua thuc nghiém véi tinh toan
bang 1y thuyét (MKK), 2p/L = 0,216; LS =0 m.
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‘ Trudng hep (2): than tau Wigley 1 va 2, so sanh két qua thyc nghiém véi tinh toan
bang 1y thuyét (MKK), 2p/L =0,288; LS=0m.
‘ Truong hep (3): than tau Wigley 1 va 2, so sanh két qua thuc nghiém voi tinh toan
bang 1y thuyet (MKK), 2p/L = 0,216; LS = 0,35 m vé duoi.
‘ Trudng hep (4): than tau Wigley 1 va 2, so sanh két qua thuc nghiém véi tinh toan
bang 1y thuyét (MKK), 2p/L = 0,288; LS = 0,35 m v¢& duoi.
Bing 3. Gid tri Cw tinh theo Iy thuyét

Gia tri thue nghiém Cw.102 [trwomg hop (1) = (4)]
Er Trwong hop (1): | Truwong hop (2): | Truong hop (3): | Truwong hop (4):
2p/L = 0,216, 2p/L = 0,288, 2p/L = 0,216, 2p/L = 0,288,
LS=0m LS=0m LS=-0,35m LS=-0,35m
0,255 0,2449 0,5847 0,4190 0,2074
0,339 1,3875 2,1197 1,3938 1,0117
0,424 5,9919 5,5963 4,7601 4,1975
0,509 4,9462 4,3918 4,3855 3,6235
0,594 3,5092 3,1520 2,9283 2,4228
7,0
"‘o 6.0 r\
- ™S
AN
‘o /x - \ N —O—TrU':j.w'ng hop (1)
’ ‘y/ X.... \.}, - & = Truéng hop (2)
3,0 ,’ \i —a =Truong hop (3)
2,0 ,‘ /- FEPE ¥ 2P Tru'c‘)'ng ho'p (4)
1,0 ,.’_,_._x"
0,0 r/

0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65
Fr

Hinh 3. Do thi biéu dién méi quan hé CW = CW/(Fr) theo thuc nghiém

7,0
mc 6’0 P .
S § .._\
S N\
U 5,0 ') ":\\ ]
40 N RN —e—Truong hop (1)
J/.'- x\‘\ti - & - Truonghop (2)
3.0 % '-._Ixf —a = Trueng hop (3)
20 ’::’ «eedees Trrong hop (4)
” ¢V
1,0 ?’#%.n
0,0 T

0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65
Fr

Hinh 4. Dé thi biéu dién méi quan hé¢ CW = CW(Fr) tinh theo phwong phdp Iy thuyét
4. Két luan

Tir nhing két qua noi trén chung ta thdy rang, sy khac nhau vé sb liéu gitra thyc
nghiém va phuong phéap tinh bang 1y thuyét (phuong phap nghiém hitu han) doi vdi céc
truong hop tinh todn tur (1 + 4) nam trong gidi han 3%. Str dung cong thire Tuck-Lauzaskas

phdi hop véi ham bién d6 Newman, cho thay rat hiéu qua dé danh gia luyc can soéng ciia tau ba
than.
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Phuong phap nghiém hiru han dua dén ket qua khong chi phu hop t6t v6i thuc nghiém

vé tryc tiép xac dinh luc can, ma con phu hop tét voi két qua nghién ctru thuc nghiém vé& su
thay ddi prfile song sau than tau bang phwong phap cia Landweber khi bién ddi tich phan
Fourier (LFT), phuong phap phan tir ma tran (MEM) va phuong phéap dic biét twong duong
(MES). Cac cong trinh nay da chi ra rang, quan niém Iy thuyét tuyén tinh cua “tau manh”
Mitchell van ludn c6 tinh thoi su va ngay nay c6 thé khuyén nghi ap dung dé du doan luc can
song cua tau khi phdi hop véi phuong phap nghiém hitu han va ham bién d6 song thich hop.
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Tinh toan xAc suit lat ciia tau trén séng ing dung phwong phap Melnikov
Calculation of capsize probability of ship in wavesbased on Melnikovs method

Lé Thanh Binh?, O.1. Solomensev?

Trwong Pai hoc Hang hai Viét Nam,
binhlth@vimaru.edu.vn

2Admiral Makarov National University of Shipbuilding

Tom tat

Bai bdo trinh bay vng dung cia phuwong phap Melnikov trong nghién ciru dao dong
hén loan cho truong hop ldc ngang ciia tau dudi tdc dung cua song thong qua phwong trinh
vi phdn. Két qua ciia phwong phdp Melnikov cho song diéu hoa dwoc tinh chuyen sang song
khong diéu hoa bang cdch sir dung so dé xdc sudt toan phan dia trén biéu thirc biéu dlen
bién gidi han xdy ra dao déng hon loan trong ldc ngang ciia tau. Biéu thirc xdc dinh xdc sudt
lGt cia tau trén séng khong diéu hoa dp dung dinh ludt phdan bé Rayleigh cho chiéu cao s6ng
va chiéu dai séng véi gid thiét chiing khéng phu thude lan nhau.

Tir khéa: Phwong phdp Melnikov, xdc sudt Idt tau, hon loan, phdn bo Rayleigh.
Abstract

This paper presents the application of Melnikov’s method for analysing chaos of ship
rolling under excitation of beam waves using its differential equation. The results of
Melnikov’s method for regular beam waves are then transferred to irregular waves using full
probalistic scheme based on the equation of the boundary, beyond that the onset of chaos of
ship rolling occurs. For calculation of probability of ship capsize the Rayleigh distribution is
applied for wave height and wave length with assumption that they are independent
parameters.

Keywords: Melnikov's method, probability of ship capsize, chaos, Rayleigh distribution.

1. Pt van dé

Tiéu chuan 6n dinh cta tau theo quy dinh ctia cac to chitc phan cp ciing nhu T chiic
hang hai thé gi¢i IMO dya trén tiéu chudn ning lugng, thé hién thong qua tiéu chuan 6n dinh
thoi tiét. Trong khi d6, 6n dinh cua tau 1a mot qua trinh dong hoc phi tuyén xét theo yéu té mo
men hdi phuc. Dudi tic dung diéu hoa cia séng va anh hudng ciia gié co thé xuat hién hién
tuong dao dong hon loan duoc dé cap dén trong 1y thuyét tham hoa, [9-15], c6 thé dan dén lat
tau. Tuy vay, tiéu chuan 6n dinh thoi tiét khong cho phép chiing ta tinh toan dén anh huong
cua hién tuong nay. Thuc té khai thac cho théy, mic du cac tau thoa man cac tiéu chuan on
dinh hién hanh nhung van xdy ra cic trudng hop tau bi lat lién quan dén cac hién tuong nhu:
dao dong hon loan (chaotic oscilation), cong huong tham s6 (parametric roll), cudi song (surf-
riding), ... Do véy, nam 2002 IMO da de mo chu d& vé xay dung tiéu chuan 6n dinh nguyén
ven thé he 2 cho tau bién theo huong tlep can dua trén hiéu suét dugc dé cap ro trong IMO
SLF 48/21, [11, 13]. P4 c6 nhiéu nghién clru cua cac tac gia lién quan dén nhimng hién twong
nguy hiém trén, co thé ké dén nhu Belenky, Sevastianov, Spyrou, Vassalos, Wan-Wu,... da
tao nén mot nén tang ly thuyét kha vimg chic cho phép giai quyét nhiing van d¢ trén.

Nghién ctru anh huéng ciia dao dong hdn loan dén hién tuong 1at tau gan lién voi hai
van dé. Thir nhét, thong ké cua Sevastianov [3], cho thdy nhiéu trudong hop tau bi 1t ma
khong hé c6 cac biéu hién nguy hiém rd rang nao trudc do6. Thir hai 1a licu viée xuat hién hién
tugng dao dong hdn loan ¢ phai chic chin din dén 14t tau hay khong van 1a mot cau hoi chua
duoc tra loi.

Muc dich ctia nghién ciru nay 1a thiét 1ap cac cong thuc tinh toan gan dung xac suét lat
cua tau dya trén ly thuyét tham hoa va phan tich céc két qua tinh toan nham dénh gia kha
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nang thay thé tiéu chuan 6n dinh truyén théng bang tiéu chuan mai gén véi anh huong caa
dao dong hon loan.
2. Tong hop céc két qua nghién ciu

Hién nay, dé nghién ciru dao dong hon loan (chaos) cua hé co hoc thuong sir dung hai
phuong phap chu yéu 1a phwong phap Lyapunov va phuong phap Melnikov, 1963 [2]. Trong
thoi gian gan day, phuong phap Melnikov duoc nhiéu nha nghién ctu phat trién va c6 duoc
ing dung rong rai hon trong nghién ctru dao dong hdn loan cua tau trén song, [9-15]. Két qua
dat duoc tir ly thuyét trén 1a biéu thic mo ta bién ma tai d6 bat ddu xay ra hién tuong “an
mon” vung an toan (erosion of safe basin) duoc biéu dién trén mit phang pha (phase plane) -
gom truc bién d6 va truc van toc (hinh 1). Két qua cua céc nghién ctu [9-15] cho phép thiét
lap cac cong thirc tinh kha don gian dé tinh xac suét lat cua tau trong ché do song ding
(stationary sea state). Trong [7] trinh bay chi tiét cong thuc tinh xac suat 1at cua tau dya trén
tiéu chuan ning luong.

Hinh 1. Mgt phdng pha va viing an toan mau tring [15]

3. N§i dung
3.1. Giéi thiéu phwong phap Melnikov

Y tudng co ban cia Melnikov 1a sir dung nghiém phuong trinh vi phan dao dong cua
hé Hamilton khong nhidu (khéng chiu tc dung cua ngoai luc) dé di tim nghiém cuaa hé chiu
nhiéu [15]. Phuong phap Melnikov cho phép x4c dinh khoang céach giira quy dao cua hé
khong nhiéu véi quy dao caa hé chiu nhiu. Khi bién do cua ngoai luc ting dén mic khoang
cach d6 bang khong hay hai quy dao do tiép tuyén véi nhau thi s& xay ra dao dong hdn loan
cua hé.

Trong nghién ciru lac ngang cua tau, phuong trinh vi phan bac 2 ¢d thé dugc biéu dién
& dang hé 2 phuong trinh vi phan bac 1 va viét & dang vector ngan gon nhu sau:

x=f(x)+eg(x,t) Voi x e R? 1)

Trong d6: X= (9,9) - vector bién d6 va van téc lic ngang; x = f (x)1a phuong trinh
lic ngang tu do caa tau, cd nghiém 1a mot quy dao 6n dinh; € g(x,t) dic trung cho cudong do
cua nhidu diéu hoa vai gia thiét 1a twong ddi nho (hé s ¢€).

Goi Gy(t—1t;) 1a quy dao cua hé khong nhidu x = f(x); q’(t,t,) va q'(t,t,) la quy
dao 6n dinh va quy dao khong 6n dinh caa hé chiu nhiéu (1).

Theo dinh nghia, phuong trinh Melnikov la khoang cach phan tach gira quy dao on
dinh va khong on dinh chiéu Ién phap tuyen cta quy dao cua hé khdng nhiéu. Gia tri caa ham
trén phu thudc vao thoi gian, xac dinh theo céng thic sau:
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3.2. Két qua &ng dung phwong phap Melnikov

Phuong phap Melnikov cho phép biéu dién két qua & dang mo phong tinh bang céch
chia mat phang pha thanh mét ludi diém céc diéu kién ban dau va kiém tra diéu kign xuat hi¢n
dao dong hon loan d6i Véi timg diéu kién ban dau. Phuong phap nay c6 nhuge diém 1a c6 sy
sai sb tich liiy do khong thé chia mat phang pha thanh vo s6 diém dé kiém tra hét, trong khi
mét hé dao dong phi tuyén lai rat nhay ddi véi diéu kién ban dau. Do dé, cac tac gia sir dung
phuong phap tiép can khac dé ung dung két qua nhan duoc tir [9-15].

Phuong trinh vi phan 1ic ngang ciia tau trén song diéu hoa & dang khong thir nguyén
duoc biéu dién bai biéu thirc sau:

X+ poc+Wil¥ + x— g = f,sinQr (3)
N W 1 Ah ’
p= U w=—="0"—f="2in = |2 0=2f — k() 2,
(I + 1), Ly + 1ag 6, lx + 1 Ny 29
Trong do: 1., 1,, - m6 men quan tinh ty than va md men quan tinh nuéc kem cua

tau; N,,,W,, - hé s6 dap tuyén tinh va phi tuyén; 6, - goc lan cta d6 thi 6n dinh tinh; N, - tan
s6 dao dong riéng cua tau; h, - chiéu cao soéng; A - luong chiém nudc; h - chiéu cao tam
nghiéng ban dau; 7 = n,t - thoi gian ¢ dang khong don vi.

Khi bién @6 cua ngoai luc f, vuot qua gia tri giéi han nhu xac dinh & (4) s& gay ra
hién twong an mon vung an toan, xuat hién dao dong hdn loan, cé thé dan téi lat tau. Bién do
ngoai luc gidi han xac dinh bai [14, 15]:

1 (4uf, 4J2we ) . 70
foR == | 2 Jowd, sinh — @)
Q| 3 15 V2
Dao dong hdn loan cia h¢ phi tuyén dudi tic dong cia ngoai luc diéu hoa két hop voi
mot nhi€u trang (white noise) duge dé cap trong [9]. Neu phuong trinh ldc ngang trong nghién
cau [9] bo thanh phan nhicu trang thi ket qua nhan dugce ciing hoan toan tring hop Vi (6).
Neéu chi xét tdi tac dong cua nhicu trang thi diéu kién dé khéng xuat hién dao dong hon loan
la 6, //D, <k, véi D,1a phuong sai bién do ldc ngang cua tau va k 1a hé s6. Néu ap dung dinh

4 ’ , 2
luat phan bo Rayleigh cho bién d6 lac ngang thi xac suat lat ciatau sé la p_, = exp(— k?} :

Phuong phap tiép can trén co thé coi la khdng hop Iy vi khong phu hop véi thuc té, do
gia thiét rang tat ca cac song toi déu co chiéu dai song ung Vi chiéu dai séng cong huang lac
ngang cua tau. NoOi cach khac, anh hudong chu yéu dén lic ngang cua tau tap trung ¢ nhiing

s6ng cO tan s6 gan véi N, . Do d6, két qua tinh toan phuong sai bién do lic ngang khdng con
chinh xéc khi khdng tinh hét cac khoang gia tri caa tan sé song.

T biéu thuc (4) c6 thé 'ghéy tau c6 hé sé dap va khoang duong cua dd thi 6n dinh tinh
cang lén thi cang kho bi 1at. Bieu nay hoan toan phu hop véi thuc te. Dudi tac dung cua song
khong diéu hoa, cé thé gia dinh rang tau bi l1at néu trong mot thoi diém nao dé6 thoéa man dieu
kien f, > f . Khi 4p dung diéu kién nay can phai dé y dén ca cuong do ciing nhu cac yéu td
ctia phd séng. Do d6, cach tiép can nhu trong [9, 10], Xac xuat 1at cta tau c6 thé duoc tinh 1a
X4c xuat chidu cao song vuot qua gi tri gidi han hS" c6 thé coi 1a chua chinh xac. Trong
nghién ctru ndy, cac tac gia sir dung cach tiép can khac nhu di néu trong [5].
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2
Ta co: fCR:K(a))w—hW; w= |2Z9 nen Q=0 ( ):i 279 yei Ay la
T VA AL S

budc song.
Két hop véi céc cong thac (3) va (4), sau bién d6i ta nhan duoc biéu thic biéu dién
bién gigi han ¢ dang h, — A, nhu sau:

_ 2gn, 210,  42wo; | . 2Q, (M) 5
hy (A4y) = - %( TR Jsmh N ®)
7ic, (A ) A

Gia thiét riang, chiéu cao va chiéu dai song 1a doc 1ap khdng phu thudc 1an nhau, do dé
ta c6 thé biéu dién dinh luat phan b6 hdn hop caa ching ¢ dang f(h,,4,) = f.(h,) f,(4,).
Xéc suét 14t caa tau xac dinh theo cong thuc sau:

Pea =] [ fu(h) . (), (6)
0h; (Aw)
hay: Poz =1= [ Rty (s, T2 () )

vsi F,(h,)1a ham phan bé xéac suét cua chiéu cao song.
Néu coi chiéu cao va chiéu dai séng phan bé theo dinh luat phan bé Rayleigh:

Cmhe o (M) Ly T A ] ()
fh<m>zﬁwzexp[ Jﬁ}nmzﬁex{ 4(%]] ®

véi hw, Aw - chidu cao song trung binh, budc song trung binh cua séng khong diéu hoa co thé
duogc tinh dya trén cdng thuc cho trong [5].
Két hop voéi biéu thic (5) va (7), ta co:

A SN 4 h, () ) @2
PCSZ_ZA_V%, _([exp{ 4|:[ |'_1‘N ]+(A—WJ:|}AWCIZW (9)

Str dung c6ng thirc (5) va (9) cho phép xac dinh xac suét lat cua tau trén séng khong
diéu hoa.

Vi du minh hoa duoc thyc hién cho tau container 710TEU véi cac théng sé chu yéu
nhu sau: chiéu dai gitta hai duong vudng goc Lep = 126,8 m; chiéu rong B = 19,4 m; mén
nuéc d = 7,435 m; lugng chiém nudc A = 12279 t, (ng Vi trang thai toan tai cua tau.

Pé xac dinh céc hé s6 dap tuyén tinh va phi tuyén trong phuong trinh (3) céc tac gia
s dung chuong trinh HYDROSTAR cua Bureau Veritas, Phap ciing nhu két qua cia
Kawahara [8]. Két qua tinh hé s6 dap dugc cho trong bang 1.

Bdng 1. Hé sé ddp tuyén tinh u va phi tuyén w

ho/B n W
0,05 0,0161 0,0211
0,07 0,0136 0,0191

Hinh 2 1a két qua kiém tra xac suat 14t cua tau theo cong thic (9) duwa trén phuong
phép Melnikov va theo tiéu chuan niang lwong (ng véi hai trudng hop chiéu cao tim nghiéng
tuong dbi ho/B lan luot 12 0,05 va 0,07. C6 thé thay xac suét lat tinh theo (9) I6n hon nhiéu so
Vi gié trj tinh theo tiéu chuan ning luong. Piéu ndy cho thiy viéc xuat hién dao dong hdn
loan khéng nhat dinh dan dén 14t tau, noi cach khéc viéc bat dau xuat hién sy dn mon viing an
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toan trén mat phiang pha do bién do cua ngoai luc vuot qué gia tri gidi han chua phai didu kién
dan toi lat tau. Didu nay co thé giai thich nhu sau, do lwong (hay %) an mon ving an toan ciia
mit phing pha phu thugc vao muac d6 vuot qua gia tri gidi han, an mon xay ra cang 16n khi
gia tri gisi han bi vuot qua cang I6n. Luong an mon d6 can phai dat dén mot lwong nhit dinh
mGi ¢6 thé dan toi hién tuong lat tu. Trong khi ung dung phwong phép Melnikov méi chi cho
phép xac dinh bién tai d6 xuit hién dao dong hdn loan ma chua cho phép xac dinh lwong an
mon ving an toan. Do d6, vin dé con ton tai ¢ day 1a phai di tim dwoc méi lién hé giira hién
tuong lat cua tau véi luong phan trim in mon ving an toan.

I:)CSZ
0.90
T <=7
0.80 e
= A
0.70 = /A/":’K
0.60 /D/ _a A
. ﬂ K
050 < Il
o . AT —=—h/B=0,07
0.40 S _ -
0.30 K ——h/B=0,05 i
0.20
0.10 o e
0.00 & == 7

hs, m
Hinh 2. X&c sudt 4t ciia tau: nét diit - theo (9); nét lién - theo tiéu chudn néang lweng

4. Két luan

- Pa xay dung dugc biéu thic twong ddi don gian cho phép xac dinh xac suat xuat
hién dao dong hdn loan @ng vai trudng hop lic ngang cua tau trén séng khdng diéu hoa tng
dung phuong phap Melnikov.

- Tur két qua tinh xac suat chua cho phép giai thich duoc mot céch rd rang maéi lién hé
gitra su xuét hién dao dong hon loan véi truong hop lat tau. Vi vay, viéc thay thé tiéu chuan
on dinh thoi tiét bang tiéu chuan lién quan dén dao dong hdn loan van con quéa som dé két
luan va can cac nghién ciu bo sung.

- Céc cdng thuc dé xac dinh xac suat dao dong hdn loan con ¢ cac diém can b sung
thém nhu anh huong cua gid ngau nhién va diéu kién vé gidi han ton tai cia séng bién - ty s6

A
hN<7.

Tai liéu tham khao

[1]. Anéumnu, W.K., BiusHHEe OrpaHHMYCHHOCTH pPEAIbHBIX CIyYaiHBIX IPOIECCOB
BOJIHEHUSI M BETPa HA BEPOSITHOCTHBIE XaPAaKTEPUCTUKH KaUYKH U YCTOMUYHUBOCTU CYJIOB
B yCJOBUSX mTOpMa, Maromounascrhoe cyoocmpoenue: COOPHUK HAYYHBIX MPYO08
HKU. - Huxonaes: HKU, 1988.

[2]. MenbuaukoB, B.K., O0 ycTOHYMBOCTH IICHTpa NpPU TEPUOJUUECKUX IO BPEMEHH
BO3MYIICHUSX, Tpyosr Mockosckoeo mamemamuueckozo obwecmsa, 1963.- No 12.-c.
1-57.

[3]. CeBactesinoB, H.B., Ocmotiuusocmo npomwiciosvix cyoos, J1.: Cynoctpoenue, 1970.-
200 c.

236 HOI NGHI QUOC TE KHOA HQC CONG NGHE HANG HAI 2016



THE INTERNATIONAL CONFERENCE ON MARINE SCIENCE AND TECHNOLOGY 2016

[4]. Conomenues, O.1., HopmupoBaHHe BOJIHOBBIX HAarpy30K, ACHCTBYIOIIUX HA CYIHO, C
Y4ETOM KOHEYHOCTH UX MaKCUMaJbHbIX 3HaueHul, Bicnuk HYK, 2010 p. - Mukosnais:
HVK, 2011.-c. 124-136.

[5]. Conomenue, O.U., Jlu Txaup bun, OO0 omHOM crnocobe BbIOOpa KpUTEPHSI
BBIHYXXACHHOI'O CHMIXKCHUA CKOPOCTH CydHA H3-3a 3ajIMBaHMA, 36ipHuK HayKosux
npays HYK. - Muxkomnais: HYK, 2012. -Ne3.- C.

[6]. Conomenues, O.1., JIu Txans bun, OnpeneneHue KCTpeMaIbHBIX aMILUTUTY]L BOJH C
y4€TOM METEOIPOrHo3a, 30ipuux naykosux npays HYK. - Mukonais: HYK, 2013. -Ne
3.-C.

[7]. Comomenues, O.H., Hryen Boer Xoan, Jlu Txanp bun, BeposTHocTh OTKaza u
¢byHKIMS pUCKa B 33Ja4e TEXHUKO-PKOHOMHUYECKOTO OOOCHOBAaHUS YpPOBHS
OCTOWYUBOCTH CYIHA, [HHOBaYii 6 cyOH0OYyOyeanui ma okeanomexwiyi. Marepianu IV
MixxHapoaHOT HayKOBO-TeXHI4YHOI KoH(epeHIii - Mukonais, HYK.- 2013.-c. 108-110.

[8]. Y. Kawahara, K. Maekawa, Y. lkeda, Simple Prediction Formula of Roll Damping of
Conventional Cargo Ships on the Basis of Ikeda’s Method, Proceedings of the 10-th
International Conference of Stability of Ships and Ocean Vehicles.-2009, 12 p.

[9]. H. Lin, S.C.S.Yim, Chaotic Roll Motion and Capsize of Ships Under Periodic
Excitations with Random Noise, Applied Ocean Research, 1995.- Vol. 17.-p. 185-204.

[10]. McCue, L., A. Troesch, Probabilistic Determination of Critical Wave Height for a
Multi-degree of Freedom Capsize, Ocean Engineering, 2005. - Vol. 12.-p. 1608-1622

[11]. Zhan-Jun long, Sejn-Keon Lee, Sung-Jong Lee a.o., Prediction of Stability of Ship by
Risk Based Approach, Journal of the Navigation and Port Research, 2009.- Vol. 33.-
Neo 4.-p. 255-261.

[12]. Roberts J.B., A Stochastic Theory for Nonlinear Ship Rolling in Irregular Seas,
Journal of Ship Research, 1982. - VVol. 26. - Ne4.- p. 229-246.

[13]. Spyrou, K. J., Basis for Development a Rational Alternative to the Weather Criterion:
Problems and Capabilities, Contemporary ldeas of Ship Stability and Capsizing in
Waves.- Fluid Mechanics and its Application.- Vol. 96.- Ecole Nationale
d’Hydraulique de Grenoble.- Grenoble. - 2011.

[14]. Vishnubholta, S., A New Method to Predict Vessel Capsizing in a Realistic Seaway,
PhD. Dissertation. - University of New Orleans.- New Orleans, 2007.-78 p.

[15]. Wan Wu, L. McCue, Application of the Extended Melnikov’s Method for Single-
Degree-of-Freedom Vessel Roll Motion, Ocean Engineering, 2008.- Vol. 35.-p. 1730-
1746.

HOI NGHI QUOC TE KHOA HQC CONG NGHE HANG HAI 2016 237



THE INTERNATIONAL CONFERENCE ON MARINE SCIENCE AND TECHNOLOGY 2016

Tinh toan 6n dinh gian khoan bién di dong
Calculations of stability for mobile offshore rigs

Vii Viét Quyén
Truwong Dai hoc Hang hai Viét Nam,
quyenvv.cndt@vimaru.edu.vn

Toém tat

Gian khoan bién thuwong cé hinh dang ddc biét nhw doi véi gian ban chim hay tw ndng
la hinh dang kiéu hop. Do hinh dang nhu vy khién phwong phdp xdc dinh cdc dac diém thity
tinh cua tau thuy doi véi ching sé khong phu hop. Thay vao do, phwong phdp tzep can la coi
hinh dang kiéu hgp nay bao gom cac tam panel I6n la thich hop hon. Mot diéu can thiét khi
phan tich dic diém thuy tinh cia gian khoan bién la lya chon huong truc. Trong khi doz VOi
tau, nghiéng xung quanh mot truc doc dwoc gia dinh thi cac 16 chire déing kiém yéu cau xem
Xét truc bat ky doi véi cdc cong trinh ngoai khoi. Tiy thudc vao két qud ma cdc truc quan
trong dwoc xac dinh. Bai bao nay tdp trung vao phwong phap nhuw vay.

Tir khéa: On dinh, gian ban chim, gian tw ndng.
Abstract

A particular feature of semi-submersibles and jack-ups is their box-type shape. It is
this feature that makes it unattractive to determine the hydrostatic characteristics in the way
it is done for ships. Instead, an approach whereby the box-type shape is considered as
consisting of large flat panels is more appropriate. Another feature necessary when analyzing
mobile offshore structures for hydrostatic properties is the freedom in selecting the heeling
axis direction. Whilst for ships, heel around a longitudinal axis is automatically assumed,
regulatory bodies require that for offshore structures any axis can be considered. Depending
on the outcome, the critical axis is defined. This paper focuses on such method.

Keywords: Semi-submersibles, jack-ups, stability.

1. Mé diu

Trong viéc danh gia an toan cuia mot gian khoan ngoai khoi, 6n dinh dong mot vai tro
rat quan trong. C6 thé thay trong nhleu nim qua, cac yéu cau vé on dinh cua cac t6 chirc va co
quan diang kiém trén thé gidi chu yéu tap trung vao cac thong sé 6n dinh nhu chiéu cao tim
nghiéng ban dau (GM) hay ty 1¢ dién tich dudi dudng cong mé men tinh va mo men nghiéng
do gi6 [3]. Cac yéu cau nay ban ddu duoc bat ngudn tir yéu ciu cua tau bién thong thuong, tuy
nhién tir kinh nghiém thyc té va cac tai nan xay ra déi v0i loai cong trinh bién nay da dan dén
mot s6 thay doi yéu cau cu thé hon,... Ban dau, mdi mét to chic dang kiém thuong cé tidu
chuan riéng cua minh, tuy nhién trong nhimg nam qua, cac tiéu chuan nay dang cang ngay
gan giéng nhau du van khac nhau vé mot s6 chi tiét.

5

4
B semi submersibles (12)

3 .
jack-ups {1)

2 L

LI i n
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Hinh 1. Céc bdi nghién ciru ciia OTC vé MODU
Kinh nghiém thyc té di cho thdy rang tinh toan duong cong tay don on dinh tinh dbi
voi gian khoan bién kha phuc tap. Trong nhitng nam 80 cua thé ky XX da co6 rat nhiéu nghién
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ctru vé& van dé nay, hau hét trong sb ching 1 vé dang gian ban chim, chi c¢6 mot sb it dé cap

dén su 6n dinh gian ty nang (jack-up). Sau nam 1991, sy quan tdm dén van dé 6n dinh gian

khoan bién ngay cang it di (vi du nhu trong OTC - Offshore Technology Conferences) [2].
Bing 1. Tiéu chuin on dinh ciia mét sé6 Té chirc Ding kiém Quéc té

NMD CCG ABS DNV
Yéu cau Cuc hang hai Cuc canh sat 76 chirc Dang T6 chire Pang kiém
Nauy bien Canada kiem My Nauy
Ti s0 dién tich | >1,3 >1,3 >13 >1,3
GOc nghiéng o o R A A o A A
< <
inh do gio <17 <15 Khéng yéu cau. Khong yéu cau.
Goc nghiéng ‘ i i
tai goc giao >30° Khong yéu cau. | Khong yéu cau. Khéng yéu cau.
dieém thu 2
>1 m tai trang >1 m tai trang >1 m tai trang théi
thai \{én hanh, di | thai van hanh, di van hanh, di chuyén
Minimum GM | chuyén va bao; chuyén va bdo; | >0 m. va bao;
>0,3mtaitrang | >0,3 m tai > 0,3 m tai trang thai
thai trung gian. trang thai trung. trung gian.
MO men tinh Duong j[r(?ngo £ Duong jcrczngo z | Duong trong pham vi
. pham vi tir 0° dén R A phamvitr0°dén | o5z S
hay GZ nho L .2 . | Khong yéu cau. L .2 .| tu 0° dén gbc giao
nhét %00 giao diém thu %00 giao di€m thu didm this 2.

2. Phwong phép phén tich 6n dinh

Vi du vé cac két cu, hinh dang gian khoan bién duoc dua ra duéi day. Ngay nay,
dang gian khoan ban chim hién dai thudng dugc dat ¢ dinh tai mot vi tri khai thic trong thoi
gian dai va it di chuyén hon so véi nhitng nim 80 cua thé ky XX va phan boong dugc phan
chia nhiéu hon (hinh 2). Hinh 3 1a mét vi du ciia mot gian ty nang dang tam giac, khai thac &
dd sau 200 m.

Hinh 2. Gian bdan chim cé'lon Hinh 3. Gian tw ndng 200m nwdéc

C6 nhiéu phuong phap khac nhau dé phan tich 6n dinh cho cong trinh bién di dong.
Tuy nhién nhu di dé cap, phuong phap don gian la ¢b dinh tryc va gian ban chim s& nghiéng
xung quanh truc ndy voi goc chii bang khong. Cac huong truc khac s€ duge xem xeét kiém tra
dé tim ra truc téi han. O day mot van dé phat sinh 1a d6i v6i gian khoan ban chim (GKBC) khi
nghiéng quanh mot tryc s& xuat hién mo men chui quanh tryc vudng goc va con co thé ¢6 luc
nang theo phuong thang dung. C6 hai phuong phap c6 thé sir dung dé loai b6 mé men chui:

- Bang cach 4p dung mot goc chui thich hop (free trim);
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- Hay bang cich quay gian ban chim quanh truc nang (free twist).
Sy khac nhau ¢ day 13 & trudng hop thar nhét gian s& quay quanh truc nam ngang ban
dau, trong khi & truong hop thir hai thi nd s& quay quanh tryc thang dtng ban dau.

Déi voi phuong phap thir hai thi goc nghiéng cua GKBC s¢ la goc ddc 16n nhat so véi
mit phing nim ngang ban ddu va mit phiang dudng nudc s& ludn song song véi truc nghiéng.

.\\:\_ \\.\ Truc chai

Tryc nghiéng
ban dau

Hinh 4. Truong hop gian quay truc quanh truc thing dieng

2.1. On dinh géc nhé
Nhu véi tinh hoc tau thuy, gian ban chim hay gian tu nang ¢ trang thai nghiéng voi
gdc nhé md men hdi phuc c6 thé tinh nhu hinh 5 (d6i véi géc nghiéng nhé, sinf cé thé dgc
ldy bang 0 (radian):
Mhp =A.l=A.ho .sin@ (1)

A7 M.
s G/N 5 G:
/L w ﬁ

) L

Hinh 5. Tdc dung trong luc va lwc néi trong Hinh 6. Xdc dinh chiéu cao
truwong hop nghiéng goc nho tdm nghiéng ngang

ho

Zg

. Gi7é tri doan GM = ho dugc goi 1a chiéu cao tam nghiéng ngang duogc xac dinh tir hinh
6 bang biéu thuec:
GM =KB +BM - KG =1z + I — 24 (2

Véi BM =1/V; K 1a diém niam trén dudng doc tim tai day tau, G 1a trong tam, B 1a
tadm nodi, M 1a tdm nghiéng, I 18 m6é men quén tinh ngang cua dién tich duong nudc va V la thé
tich lugng chiém nudc. M6 men quan tinh ngang dién tich dudng nudc cia mot xa lan dién
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hinh hoic ponton hinh chit nhat dugc tinh bai cong thic: | = b3l/12; Véi b 1a chiéu rong va |
1a chiéu dai.

Déi v6i gian ban chim can xay dung biéu dd dang duong cung biéu dién quy luat thay
d6i cua chleu cao tam nghiéng ban dau hay con goi 1a biéu d6 6n dinh ban dau (hinh 7), co
nghia 1a can phai biét h,. C6 thé sir dung cong thire sau [1]:

he =28 + le— 24 3)
Trong do: r, = Ivﬂ hay c6 thé sir cong thirc sau: r, = r c0s2¢ + R sin2¢ (4)

Biéu d0 h, gan giéng voi hinh dang Elip. Dbi v6i tau thong thuong véi cac ty sé L/B =
4+8,hy ~0.5+2m, Ho~L (Ho- chiéu cao tdm chiii) c6 nghia 1a Ho >> ho vi vay elip s& c6
dang thon dai, con ddi v6i gian ban chim va cac cong trinh ndi khac thudng cé ty sé L/B =
1+3 thi ho va Ho khac nhau khong nhiéu. Dbi v6i cic cong trinh c6 mit bang dang hinh tron
hozc hinh vudng thi gia tri ho = Ho, khi d6 elip s& trd thanh hinh tron. Con ddi voi dang Elip
thi hO = hmin va Ho = hmax [1]

m — Sy (@]
w he &: - e / &r"f

Xfp

/ f
y /"/' y
| yro
Hinh 7. Biéu do on dinh ban dau Hinh 8. Xic dinh dién tich hirng gio

Biéu db trén cho phép khao sat tat ca cac truong hop bat loi nhat vé mé men hdi phuc
va md men gay nghiéng. Dudi tac dong cua gié, mdé men nghiéng 16n nhat khi dién tich hing
gi6 12 16n nhét (dién tich himg gi6 Sp - 14 hinh chiéu phang ciia toan bo kién tric thuong tang
1én mat phang vudng goc v4i hudng gid), didu nay cé nghia 13 mit phang chiéu caa kién trac
thuong tang di qua hudng duong chéo (hinh 8). Mé men 16n nhat trong truong hop nay dugc
tinh bang:

Mngy = Mhng= A.hy G, ®)
Tir d6 ta c6 thé xac dinh duoc goc nghiéng khong cb dinh 6,::
My, ©)
7 Ah,

Trong d6: Mnge - m& men nghiéng 16n nhat; he - chiéu cao tim nghiéng tuong tng.
2.2. On dinh géc 16n
Dbi v6i 6n dinh goc nghiéng 16n, tay don 6n dinh tinh ¢6 dang:

| =yocos@+ (zo—1z8) SINO— (zg—z8 ) SINO (7
Dbi véi truc nghiéng khong cd dinh ta c6 tay don 6n dinh tinh [1]:
lp =Yoo COSOp + (z0p— 28 ) SINOp— (29— 28 ) SING, (8)
Trong do:
Yoo = foe(p re, cos0de Zog — Zc = foe(p re SinBdo 9)

lep - ban kinh tdm nghiéng trong trudong hop gian khoan nghiéng tai vi tri truc khong
c¢b dinh. T d6 ta c6 thé xay dung dugc duong cong tay don 6 6n dinh tinh. Nhu trong tinh hoc
tau thuy thong thuong voi dudng cong 6n dinh tinh ta c6 thé xac dinh duoc goc nghiéng tinh
0t (hinh 10.a) va goc nghiéng dong 04 khi can bang dién tich A + B =B + C, hodc dién tich A
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= C (hinh 10.b). Giéi han mé men nghiéng tinh bang gia tri 16n nhit cia mo men héi‘phuc
Mngt = Mmax, con gioi han mdé men ng}liéng dong M,e.s dugc xac dinh vai dicu kién day da
cua dién tich st dung trén duong cong 6n dinh tinh (hinh 11).

Hinh 9. Tdc dung ciia trong lie va lwe néi trwong hop nghiéng géc lén

Mi mi
a) Mo b)
Mo
N 3
Ma \ M B\
\ SARNY \
NN B)

R 7 N\ I
6. 6. 8 ) 8: 6. ]

Hinh 10. a) Xdc dinh géc nghiéng tinh [1]
b) Xdc dinh va goc nghiéng dong [1]

ol

Hinh 11. Xdc dinh mé men gioi han [1]

Trong truong hop én dinh tiéu chuan caa gian khoan ban chim, mé men nghiéng chinh
la md men do gi6 giat. bé tinh toan chong chanh, anh huong cua ste cang tir hé thong neo
trong treong hop bi dut khoi boong hirng gid va céac yéu to khac, thuong thoa man diéu kién:

A+B>13B+C) (10)

Do d6 cong cia md men nghiéng phai nhoé hon cong ciia md men hdi phuc 1, 3 lan.

3. Ung dung tinh to4n gian Pai Hung 01
3.1. Khai quat vé kién tric-két cau gian Dai Hung 01
Gian Pai Hung 01 hién nay con dugc goi la mot don vi san xuat ndi ban chim va ban
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dau 1a mot dang gian khoan di dong thuoc l16p “Aker-N3” duoc thiét ké va dong mai bai Aker
Engineering ndm 1974. Nam 1984, gian da duoc hoén cai boi Cong ty dau khi Hamilton
thanh mot don vi san xuat nhu ngay nay dé sir dung tai khu mé Argyll/ Duncan/ Innes Bién
Bic Vuong qudc Anh. Nam 1994, gian Dai Hung 01 thuc hién mot dot tai trang bi khé lon dé
khai thac tai mo bai Hung.

Hinh 12. Gian ban chim Dai Hung 01 tai mo khai thac Dai Hung
Bdng 2. Kich thwoc chinh gian Dai Hung 01

Kich thwéc D?r;‘)vi Kich thuéc D?r;‘)vi
Chiéu dai toan bo (chiéu dai ponton) 108,200 | Mén nuéc tdi da 21,336
Chiéu rong modul 67,360 | Chiéu cao ponton 6.710
Chiéu dai giira tam cot 1 trude va sau 68,550 | B& rong ponton 10,980
Chiéu rong gitta dudng tam cot trai va phai 56,380 | Ban kinh ponton 0,500
Do cao boong thuong ting 39,620 | Buong kinh c6t 6n dinh l6n 7,920
Do cao boong chinh 36,580 | Buong kinh cot 6n dinh nho 5,790

3.2. Tinh toan

Ung dung tinh toén cho gian Pai Hing 01 bing phan mém Autoship. On dinh gian
ban chim Pai Hung 01 duogc tinh toan cho céac trang thai: di chuyén, van hanh khai thac va
trang thai bdo nghiém trong. Cac trang thai bao gom:

- Di chuyén tai chiéu chim T = 55 ft (16,8 m)

- Van hanh, khai théc tai chiéu chim T = 70 ft (21,3 m) va T = 65ft (19,8 m)

- B30 nguy hiém tai chiéu chim T = 68 ft (20,7 m)
Diéu kién gio:

- Van téc gié 70 knot (36 m/s) tai trang thai di chuyén, van hanh khai thac

- 100 knot tai trang thai bao (51,5 m/s)

Diéu kién hoat dong va nguy hiém do bio 16n cia Pai Hung 01 tai chiéu’chim 65ft
(19,8 m) to1 701t (21,3 m). Chiéu chim c6 dinh dugc dé nghi 1a 70ft. Tuy nhién, n€u séng c6
kha néng anh huong t6i boong dudi trong diéu kién bio nguy hiém, gian Pai Hung 01 ¢6 thé
dugc xa dan dén chiéu chim 65ft. Duéi day s& trinh bay ket qua tinh todn tai trang thai bao
lon nghiém trong tai chiéu chim T = 68 ft (20,7 m) tai mot s6 hudng gi6 0 va 40 d6) véi su hd
trg ctia phan mém Autoship theo tiéu chuan ciia NMD.
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Hinh 13. Biéu déo mé men nghiéng do gié teng véi chiéu chim 20,7 m va téc dg gié 100 knot

Tay don on dinh tinh - ON PINH NGUYEN VEN

Heel angle (Degrees)

0.0s 50.0s 100.0s
1 1 1 1 1 1 | __20_0
Tay don én o :
dinhtinh —— X -
Tay don :
géy nghiéng | 5.0
Goc nghiéng tinh 0O C
Piém vio nude —v C
——10.0
—5.0
& [ o0

Hinh 14. Do thj tay don én dinh tinh phu thujc géc nghiéng 6 chiéu chim 20,7 m
véi vin téc gié 100 knot 6 huwéng 0°

i

]
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Tay don 6n dinh tinh - ON PINH NGUYEN VEN

Heel angle (Degrees)

s 0.0s s 100.0s
Tay dOD on ] 1 1 [ 1 ] ] 1 | 11 1 1 1 1 1 L1
dinh tinh -~ ::L
3 B m
Tf.y don. ) —100 ¢
géy nghiéng - i
Goc nghiéng tinh —) = n
Piém vao nwoc —V/ — m
—5.0
— 0.0
:—-5.0

Hinh 15. Do thj tay don én dinh tinh phu thujc géc nghiéng 6 chiéu chim 20,7 m
véi vin téc gié 100 knot & hudng 40°
4. Két luén
Bai bao da dua ra mot trong cac phuong phap tinh toan on dinh cho gian ban chim va
minh hoa gian Pai Hung 01 dam bao 6n dinh theo tiéu chuan cia NMD trong trang thai bdo
nghiém trong tai chiéu chim T = 20,7 m v&i gié tdi tir cac hudng khac nhau ¢ man trai. Qua
d6 xac dinh dugc mét trong céc truc tdi han cua gian Pai Hung 01 1a tai hudng gié 40 do.
Vi¢e xac dinh cac truc té1 han ctua gian Dai Hung 01 1a rat quan trong, do dugc str dung la don
vi san xuat n6i FPU, gian thuong duoc neo tai vi tri khai thac trong thoi gian twong ddi dai (tir
10 dén 20 nam); trong khi d6 gié va bao tai khu moé dinh hudng theo mua vi vay vi tri dét gian
phai tranh gié bao manh theo mua tac dong vao hudng truc téi han.
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Establish random wave surface by a suitable spectrum
in the Vietnam’s sea
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Abstract

In fact, the sea wave is considered as a stochastic process. The random characteristics
of the sea wave are described by a suitable spectrum. Offshore structures analyzing on
random concept may be determined by creating a random wave surface from a defined wave
spectrum for the sea area of consideration. This paper presents the method to establish
random wave surface in Vietnam’s sea areas based on any suitable wave spectrum. Hereby,
hydro -dynamical characteristics of waves can be determined for further calculation of wave
loads on offshore structures.

Keywords: Gravity wave, spectrum, wave period, wave amplitudes, wave frequency,
wave phases, wave scatter diagram, random wave surface.

1. Introduction

The previous researches indicate that wave load can cause very large dynamic forces
on the offshore structures. So far, Morison equation has been using to analyze wave load
acting on offshore structures [1]. To solve Morison equation, dynamic characteristics of wave
must be determined [2]. The wave are known as a random process because of the difference
of wave amplitudes, wave propagating directions, height of sea surfaces, the roughness of sea
bottoms, topographical characteristics, etc. Random characteristics of wave are described by a
suitable spectrum. This problem was mentioned in foreign scientific researches [3]. In
Vietnam, researches widely concentrate in applying spectral theory for calculation of offshore
structure hydrodynamics. However, in order to solve general problems, this paper propose a
method for further calculation of wave loads on offshore structure in real waves, which is
simulated based on Pierson - Moskowitz spectrum for Vietnam’s sea.
2. Wave characteristics in the Vietnam’s sea

The monsoon, tropical depressions and storms are main reasons affecting waves in
Vietnam’s sea. We can summarize as follows [4].
2.1. The wave in the winter

The wave in the winter often appears from November of the previous year to March of
the following year. The main direction of waves is North - East, the following directions are
the Northward and the Eastward. In the North of Vietnam’s sea, frequency of wave towards
North - East is about 70 - 85% and in the South of Vietnam’s sea, it is about 60 - 75%. In
general, the directions of wind and wave towards the North - East are stable and strong.
2.2. The wave in the summer

The wave in the summer often appears from June to August every year. The wave
direction follows West - South monsoon. The strength of wave towards West - South is
weaker than that toward North - East. In the South of Vietnam’s sea the frequency of wave
towards West - South is about 60 - 70% and in the North about 50 - 60%.

In general, the strength of wave and wind in summer is weaker than that in the winter,
except in case of storms.

In winter, the average height of wave is 2 - 3 m, period is 7 s - 10 s. In the summer, the
average wave height is about 1,2 m or more, periodis5s - 9,3 s.
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3. Establish random wave surface in Vietnam’s sea
3.1. Wave spectrum
The energy of non-sinusoidal waves is defined by the expression [1]:

oo AT
E=pgf;" 4 Sin(w @)doda ®
Where S,,,: Wave spectrum
Syn €an be expressed as: Sy, (w, a) = Syy (w)M(a) 2

a: Main wave direction;

g: Acceleration of gravity;

p: Water density;

Syn(w, @): Directional wave spectrum;

M(a) : Spreading function;

Follow Lloyd Germany: M(a) = %cosza (3)
3.2. A suitable wave spectrum is applied for Vietnam’s sea

Different forms of the spectrum at its various generation stages have obtained. Two
such empirical spectra are the Pierson - Moskowitz and JONSWAP spectra. In addition, there
are Gaussian and User defined wave spectra. Wave spectra are introduced in scientific
researches, such as:

- The Pierson - Moskowitz spectrum Spy(w) is given by [5, 7]:

Spu () = —H2wh. w Sexp {— 2 (2)_4} (4)
16 SF 4 \wp

Where w: Wave frequency;
wp: Angular spectral peak frequency, wp = 21T/TP;

Hg: Significant wave height;
Tp: Peak wave period.

The Pierson - Moskowitz spectrum is a special case for a fully developed long crested
sea. The former represents fully developed sea states. The Pierson - Moskowitz spectrum is
formulated in terms of two parameters of the significant wave height and the average wave
period.

- The JONSWAP spectrum formula S;s(w) is given by [5, 7]

2ya 503
Sys(@) = £ exp (32F) ®)

w

Where w: Wave frequency;
wp: Spectral peak frequency;
y: Peak enhancement factor;
a: Relates to the wind speed and the peak frequency of wave spectrum;
g: Acceleration of gravity.

The JONSWAP spectrum can take into account the imbalance of energy flow in the
wave system (for instance, when seas are not fully developed). Spectral energy imbalance is
nearly always the case when there is a high wind speed.

In analysing offshore structures, assuming that waves propagate on the main direction,
in Vietnam’s sea, North - East is main wave propagating direction. Vietnam’s sea area is a
part of the Pacific Ocean located at the easts of Vietnam. It is limited by mainland, islands,
and marine archipelago, but it connects with Indian Ocean and Pacific Ocean. Thus,
Vietnam’s sea represents opened sea, and the waves represent fully - developed waves, wave
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characteristics are rather varied. So a Pierson - Moskowitz spectrum can be used to describe
the spectral characteristics in Vietnam’s sea.
3.3. Analyze wave parameters

Facts indicate that wave is caused mainly by wind. The wind blows on the water
surface. Friction between the air and water particle, gravitation of water have been causing
waves. These waves are called gravity waves.

We consider drift of water elements at (x, z) coordinates, the horizontal and vertical
components water particle velocity (u and w) as well as those of acceleration (ax and ay) are
defined [4, 5]:

u= %Cof:kd coshk (z+ d).cos(kx — wt) (6)
= %CO;":M sinh k (z + d). sin(kx — wt) ©)

a, = a. Cosil((kd) .coshk(z + d).sin(kx — wt) (8)
a, = —a. Cos“fl’((kd) .sinh k(z + d). cos(kx — wt) 9)

Where a: Wave amplitude;
w: Wave frequency;
k: Wave number;
d: Depth of the water;
X: Horizontal coordinates;
z: Vertical coordinates.
3.4. The random wave surface by using calculation program

Wind generating ocean wave is random in nature. Normally it is described mathematically
as the summation of a large number of sinusoids.

Consider a random wave surface n ), wave spectrum S(w) of n ) can be expressed
as equation (4).
The random water surface can be expressed in complex value form as [5, 6]:
nGx,t) =YL, (a;. cos(k. x — w;. t + @;)) (10)
Nxt): Free surface waves;
N: Number of waves;
ai: Wave amplitude;
w;: Radian wave frequency;
ki: wave number;
a;: Phase angle of wave components.

Values of wave spectrum are given in distance from wg to w¢ with n period Aw. w, =
n.dw.

Base on wave data from wave scatter diagrams, if significant wave height H; and
average wave period T, are known.

By default, starting frequency and finishing frequency are defined [6]:
Starting frequency (in rad/s): w, = 0,58.2T—"
Finishing frequency (in rad/s): w; = 5,1101.2T—"

From equation (4), Spy(w) will has been defined
When Aw is tiny, approximates w; follow [6]:
0,5a? = S(w;)Aw (11)
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Thus: a; = {/2.5(w;). Aw (12)

With w; of wave component, the vibration period is defined as [6] T = el

T[-
)
w

The wave length is defined as [6] L = g2'—7:tanh(kd);
The wave number is defined as [6] k = =%;

The random phase angle a; of a wave component is distributed in range of [0;21], is
determined by function in MATHCAD.

Therefore random wave surfaces are established.
Example:

Base on wave scatter diagrams in the South of Vietnam’s sea (area 40 according to
Global Wave Statistics [4]).

Significant wave height (for 50 years record) Hg = 8,5m,;
Average period T, = 7,5 s [1]
These figures show the results by using calculation program, which we established.

S PM(w)

O R, N W b

AR [ ATNLY AN AR T AN ,f_*
ﬁO) O]\v‘! \ “’I\L o \ / ij .‘Ud .J b’(l‘J\ ’i" \!l ) LA l1 !I_
\ \ | Wl AL
- 2 _ ‘\ A " \J’*lj lﬁ"’ ‘\"‘i, 7]
_ 4 | | | |
0 200 400 600 800 1x10°

Figure 2. Extension of random wave surface record

3.5. Establish dynamical parameters of random wave by using calculation program
Horizontal water particles velocity:

N [% g coshk, (2 + d).cos(hyx — wg. t + ai)] (13)

Z = 4|
u(x' 't) =114, cosh(k;.d)

Vertical water particle velocity:
a; g.ki . .
w(x,z,t) =YN, [w—i.m.smh ki.(z+ d).sin(k;.x — w;.t + al-)] (14)
Horizontal water particle acceleration:
g-ki .
x(x,z,t) =N, [ai.m. coshk;.(z+ d).sin(k;. x — w;. t + al-)] (15)

Vertical water particle acceleration:
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K
az(x,z,t) = —=YN, [ai.m.smh ki.(z+ d).cos(k;.x — w;.t + al-)] (16)

3
0 400 200 0 200 400 600 800 1x10

Figure 3. Water particle velocity and acceleration components
4. Conclusion
Base on wave data from wave scatter diagrams in Vietnam’s sea, this paper shows that
Pierson - Moskowitz spectrum is a suitable spectrum to describe random wave surfaces in
Vietnam’s sea. Using MATHCAD calculation program, the random wave surface records had
establishing by Pierson - Moskowitz spectrum. The random wave surface based on the record
of South Vietnam’s sea had presenting, too. Therefore the dynamic characteristics of random
wave: water particle velocity and acceleration are determined. The result of this study will
combine with Morison equation in establishing the program which in order to calculate the
wave loads on offshore structures.
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