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TOM TAT

Tén dé tai: Thiét ké hinh dang than tau ché hang khé trong tai 3800 DWT hoat
dong trong vung bién han che cap I

Sinh vién thuc hién: Nguyén Piac Hoang Long
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Trong bai thuyét minh Capstone project nay, em thyc hién tinh toan, thiét k& hinh

dang tau thuy véi tai trong 3800DWT hoat dong trong ving han ché cap I. Em d3 van
dung cac kién thire vé thiét ké tau da hoc, cac phuong phép thiét ké tuyén hinh tau, tinh
todn ddc tinh thuy tinh, tinh on dinh nguyén ven. Bén canh d6 em két hop vao dé la mo
phong chuyén dong cua tau trén song trong diéu kién cu thé. Qua dé danh gia duoc tinh
6n dinh va tinh di bién cua tau thiét ké. Bai thuyét minh Capstone project gdm c6 5
chuong gom:

Chuong 1: Thiét ké so bd

Chuong 2: Thiét ké tuyén hinh tau

Chuong 3: Tinh toan dac tinh thuy tinh, 6n dinh cua tau

Chuong 4: M6 phong chuyén dong cua tau trén song

Chuong 5: Két luan



LOI NOI PAU

Nganh cong nghiép dong tau hién nay dang ngay cang phat trién manh mé& dé dap
ung nhu cau van chuyén hang hoa trong nuéc va qudc té. Trong bdi canh dé, viéc thiét
ké va t6i wu hoa hinh déng tau thuy 1a mot trong nhitng nhiém vu then cht nham dam
bao hi¢u qua khai thac, an toan van hanh va tiét kiém nang luong. Pac biét, ddi voi cac
tau hoat dong trong vung han ché cép [ - noi ¢6 dic diém thuy van, khi hau va dia hinh
dic thu — viéc lva chon va thiét ké hinh dang tau phai duoc nghién ciru mot cach k¥
ludng, dam bao phu hop vé6i didu kién khai thac thuc té.

Db an t6t nghiép — Capstone Project ctia em vdi dé tai “Thiét ké hinh dang tau thuy
voi tai trong 3800DWT hoat dong trong vung han ché cép I’ duoc thyc hién nhim muc
tiéu nghién ctru, xdy duyng mo hinh thiét ké t6i wu cho loai tau hang ¢& nho, ¢ thé hoat
dong hiéu qua trong khu vuc b1en ven bo. Thong qua viéc ap dung cac phuong phap
tinh toan gan dung va phian mém chuyén nganh, d6 an khong chi dung lai 0 thiét ké so
bd ma con di sdu vao phan tich dic tinh thuy tinh va mé phong chuyén dong cua tau trén
song.

Qua qua trinh thuc hién do an t6t nghiép — Capstone Project, em di c6 co hi tiép
can thuc tién thiét ké tau chd hang kho, van dung tong hop kién thire di hoc va nang cao
kha nang nghién ctru, tu duy k¥ thuat trong linh vuc dong tau. Em xin chan thanh cam
on cac thﬁy, cac c¢d Truong Pai hoc Bach Khoa — Pai hoc Pa Nang, dic biét 1a cac thﬁy,
co trong Khoa Co khi Giao thong va B mon Ky thuat Tau thuy, da tan tinh giang day,
dinh hudng va trang bi cho em nén tang kién thirc vimg chéc trong sudt qué trinh hoc
tap. Dac biét em xin gui 101 cam on séu sic tGi thay TS. Nguyen Tién Thira da dong
hanh, hudng dan cho em rat nhiét tinh va tim huyét trong suot qua trinh 1am d6 an t6t
nghiép — Capstone Project. Trong qua trinh thyc hién d6 an tot nghiép, mac du da nd luc
tap trung va hoan thanh tot nhat trong kha ndng ctia minh, nhung em kho tranh khéi
nhing thleu sOt ngoai y mudn. Kinh mong quy thdy xem xét, nhan xét va gop y dé em
c6 thé tiép thu, diéu chinh va hoan thién hon. Nhing y kién dong gop quy bau cua thay
s& 14 hanh trang quan trong gitip em phat trién ban than va phuc vu tt hon cho cong
vi€c sau nay.

Em xin chan thanh cam on!

Da Ning, ngdy 18 thing 06 nim 2025
Sinh vién thyuc hién

Nguyén Pic Hoang Long
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Thiét ké hinh ddng thén tau ché hdng khé trong tai 3800 DWT hoat déng trong ving bién han ché cap 1

CHUONG 1: THIET KE SO BQ

1.1. Vung hoat dong va cong dung ciia tau thiét ké

Tau cho hang kho hoat dong trong vung han ché cap I voi pham vi hoat dong cach
noi tra an gan nhét khong qua 200 hai ly. Trong vung hoat dong nay, tau co thé chiu strc
gi6 1én dén cap 7 voi toe do gio tur 13,1 dén 17,1 m/s va d6 cao séng trung binh khoang
4 m, bién dong, trich Bang cap do gi6 bao [1].

Tau duoc xuit phat tir cang Hai Phong dén cang Hong Kong véi quang duong di
1a 734 hai ly. Van tai bién tuyén Viét Nam — Hong Ké6ng la mot trong nhitng tuyén dugc
mo sém nhét cia nude ta. Tau tir Hai Phong di Hong Kong phai vong xudng dudi eo
Hai Nam xa thém 180 hai Iy [2]. Vung bién tai Hong Kéng va tai Viét Nam c6 tinh chat
kha twong ddi gidng nhau, déu chiu anh hudng cia khi hau nhiét d6i gié mua. O ving
bién ndy mua tap trung vao thang 6, 7. Lwong mua trung binh 12 1964 mm. Gi6 mua
Pong Bic tir thang 11 dén thang 3 nidm sau, thuong tir cAp 5 dén cip 7. Tai ving bién
Pong c6 thé xuét hién bio dot ngdt, tir thang 11 dén thang 4 nam sau thuong co suong
mu, tau hanh trinh kho khan [2].

Tau dugc thiét ké thoa man theo “Quy chuan k¥ thuat qudc gia vé phan cap va
dong tau bién vé thép QCVN 21:2015/BGTVT.

Tau ché hang kho trong tai 38300DWT duoc thiét ké phi hop véi viée van chuyén
hang kho, bao gdbm mdt loat cac mit hang can thiét cho thuong mai toan cau. Tir hang
hoa ban 1é va phu ting 6 t6 dén linh kién dién tir va cac san pham gidy, hang kho thuong
duoc van chuyén trong container hodc ham tau. C6 céc loai tau chd hang kho nhu tau
Ro — Ro, tau chd hang roi, tau chd hang tong hop, tau container, ...

A Hai Phong, VN = B Hong Kong, HK n

SHORT

DISTANCES & TIME

Haiphong, Thanh Pho Hai Phong, Vietnam
. 456.41 mi, (845.27 km)
Transit Time: 1 day 14 hours
Average Speed: 12 knots

Hong Kong, Central and Western District, Hong Kong
2.47 mi, (4.57 km,

® )

Transit Time: an hour

Average Speed: 22 mp/h (35 km/h)

' Mong Kok, Yau Tsim Mong, Hong Kong

Hinh 1.1 Tuyén dudong Hai Phong - Hong Kong, SEARATES by DP WORLD.
https://www.searates.com/distance-time/

SVTH: Nguyén Pic Hoang Long GVHD: TS. Nguyén Tién Thira 1
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Guangdong

Hon gfong

Hinh 1. 2 Ban d6 tuyén dudng Hai Phong - Hong Kong, SEARATES by DP WORLD
https://www.searates.com/distance-time/

1.2. Lwa chon kich thwédc co ban cua tau

1.2.1. Khao sat tau tham khdo

Tau dugc thiét ké dua theo tau chd hang kho SCV — 16 ctia Tong cong ty Cong
nghiép Tau thuy Viét Nam. Tau duoc thiét ké dang thoat nudc, hinh dang suon miii ¢6
dang chit V, suon giita tau va dudi tau c6 hinh dang chir U bop dan vé phia dudi voi
muc dich giam tac dung cta dong theo. O phan duéi tau dugc nang 1én vé phia vach
dudi dé dam béo réng chan vit ¢6 thé nam phia dudi mat nudce, ting hi¢u suét chan vit.

Tau mau c6 cac thong sé co ban sau:

Bang 1.1 Thong sb co ban cia tau tham khao SCV — 16

STT Thong s6 Ky hiéu Gia tri Pon vi
1 Chiéu dai 16n nhat Linax 79,90 m
2 | Chiéu dai thiét ké Lk 73 m
3 | Chiéu rong thiét ké B 13,20 m
4 Chiéu cao man H 7 m
5 | Chiéu chim d 5,75 m
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

6 | Hé sb béo Cs 0,76 -

7 | Trong tai DWT 3385 Tan
8 | Vantdc Vs 12 HL/h
9 Thuyén vién n 18 nguoi
10 | May chinh LB8250Z1Cz-7

11 | Tyle L/B L/B 6,05 -
12 | Tylé B/T B/T 2,295 -
13 | Tyl H/T H/T 1,217 -

1.2.2. Xdc dinh so by lwgng chiém nwéc

Trong qua trinh thiét ké so bo kich thudce so bo cua tau viée xac dinh luong chiém
nudc so bd cd vai tro quan trong trong viéc dam bao trong tai cua tau va thuong 1a dai
luong xéac dinh dau ti€n, sau do thi xac dinh lan luot cac kich thudc khac cuia tau.

Duva vao Bang 6.9 H¢ s6 str dung [4], voi loai tau hang hang kho, hé sb tai trong
cho tau thiét ké 1a: n = (0,50 — 0,73). Chon

Tai trong thiét ké ciia tau thiét ké 1a: DWT = 3800 T

. DWT 3800
— Luong chiém nudc so bo cia tau la: Dy = ——= 0—73 =5205,48 T
n )

1.2.3. Kich thudc co bdn ciia tau thiét ké
Cac chi tiéu xac dinh kich thuoc:

- Quan h¢ L/B ¢6 anh hudong dén tinh 6n dinh ban dau, strc can tau va kha ning chiu
momen udn chung cia tau khi tau di chuyén trén séng. Dya vao ty 1& L/B cua tau
tham khao L/B = 5,530

- Ty 1€ B/T ¢6 anh hudng 16n dén tinh 6n dinh cta tau, tinh lic doc va lac ngang cua
tau. Ty I¢ nay da tinh todn thong ké trong Bang 6.3 Ty I¢ B/T tau hang kho [4].
Vi trong tai 3800 DWT va ty 1¢ B/T cua tau tham khao, chon B/T = 2,295

- Ty 1€ H/T vé1i muc dich xac dinh mén nudce va anh hudng cia suc can tac dung 1én
than tau. St dung két qua thong ké Bang 6.4 Ty 1€ cac kich thudc chinh [4]. V&i
tau di bién ¢ nhé va ty 1€ H/T cua tau tham khao, chon H/T = 1,217

Xac dinh kich thudc chi yéu cua tau:
— Chiéu dai so bd Lsp: Dya vao phuong trinh lyc ndi
D=v.C,.LBT (1.1)
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

— (1.2)
— (1.3)
— Lsg=77,70 m
- Cac kich thudce so bd khac:
+ Chiéu rong: B L 1405m (1.4)
L/B
A X B
+ Chiéuchim: T=——=6,12m (1.5)
B/T
+ Chiéucao: H=Tx(H/T) =7,45m (1.6)

1.2.4. Cdc hé sé béo
~ Hé s6 béo thé tich Cp duoc lay theo tau mau dé dam bao tinh 6n dinh va dic tinh
thuy dong lyc hoc cua tau. Cg = 0,76
- Hé sd béo lang try Cp anh hudng dén strc can cua than tau, duoc xac dinh dua véao
s0 Froude theo cong thure (6.28) [4].

Fre—_—0.223 (1.7)
JgL
Cr=1214—232Fr = 0,696 (1.8)

- Heé s6 suon giita Cv dugc xac dinh dua vao cong thirc nghiém (6.31) [4] voi tau
van tai chay cham va trung binh, Cg> 0,615 va Cp > 0,632

Cm = 0,928 + 0,08 C = 0,984 (1.9)

~ Hé s6 day duong nude Cw, tu vén tai ven bién, Cg > 0,65, cong thirc (6.34) [4].
Cw=0,73Cs +0,3=0,85 (1.10)

- Dién tich dudng nudc thiét ké: Aw = Cw.B.L = 933,26 m? (1.11)

~ Hoanh d¢ tm noi cia tau thiét ké voi hé s0 béo Ién hon 0,65 duogc tinh theo cong
thirc dugc suy dién tir d6 thi bé thr Wageningen [7] Trang 165:

X5 _ 0,002 sin| Ex S8 =061, 5 (1.12)
L 27 015
XB

— 7% e(091+0,0311)

— Xs € (0,71 +2,42) (m)
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

— Hoanh d6 tam duong nudc cla tau thiét ké:
L x(1,75-Cy, +3,5C,7 )J1-Cy, (1.13)

X —
" 100

— X;=-0,8716m
1.3. Kiém tra lwgng chiém nwéc qua cic thanh phin khéi lwong tau

Trong qua trinh thiét ké tau, viéc xac dinh twong déi cac thanh phan khoi lwong
dong vai tro quan trong trong viéc dam bao tinh 6 6n dinh, strc bén va hi¢u sudt hoat dong
cta tau. Khoi luong cua tau bao gdm nhiéu thanh phan khac nhau, m01 thanh phan anh
hudng truc tiép dén kha nang chuyén cho, tinh an toan va tinh kinh té ctia con tau. Do
d6, can phan tich chi tiét cac thanh phan chinh nhu khéi luong vo tau, khéi luong may
méc thiét bi, khéi lugng trang thiét bi phuc vu sinh hoat, hang héa, nhién liéu, nudc
ngot, cling nhu du trir an toan.

Hinh 1.3 Phéan b6 khéi lugng cua tau tham khao
1.3.1. Khéi lwong v tau
Khdi luong vo tau dugc tinh la téng céc chi tiét két cAu cua tau, vach va vo tau, ...

Theo cong thirc nghiém Trang 416 [4]:

\

= T/m?3 1.14
Pv LxBxH ( ) (1.19)
Trong do: Wy 14 khéi luong than tau (T)

H 1a chiéu cao twong tng (m),
pv 14 hé s6 khdi lugng than tau
— Khbi lugng than tau: W, =p,, xLxBxH = 668,22 (T) (1.15)
— Khbi lugng thugng ting: W, = py, x LxBxH= 133,65 (T) (1.16)
Vay khdi lugng tau: Wy = Wy + Wya = 801,87 (T)
1.3.2. Khoi lwong trang thiét bi tau va hé thong tau

Khéi lwong cia thiét bi tau va hé thong tau dugc xac dinh twong ddi qua cong thirc
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W
prT = ﬁ — Wrr=prr x L x B x T theo [4] Trang 416
prr € (47 = 53) dbi voi tau ¢& vira va nhé — Chon prr = 50
Vay gia tri khdi luong cua thanh phan nay 13: Wrr = 334,11 (T)
1.3.3. Khéi lwong thiét bi ning lwong

Khdi lugng cua thiét bi nang luong dugc tinh dua vao cong suét cua thiét bi nang
luong theo cong thirc (2.25) [3]. WL = pne Ne

Trong d6: N 14 céng suit cua thiét bi ning luong, kW

D2/3 XVS
Theo cong thiue (2.31) [3]: N= — - 2027,14HP (1.17)

Véi D la lugng chiém nude, D = 5205,48 (T)
V = 12 HI/h. Chon theo vén tdc tau tham khéo
C 14 hé s6 Hai Quan duoc xac dinh dya vao cong thirc (2.136) Tr135 [5]

10
C=—(1,82L +7) = 256,04 (1.18)
0,9
Chon hiéu suat cua dong colan =0,98
. N
Suy ra cong suat may chinh 1a: Ne =—=2068,51 HP

N

Trong thuc té, khi tau hoat dong thi ta can chon tang thém 15% cong suét may dé
dam bdo cong suat du trir cia may chinh.

— Ne =115% x 2068,51 =2387,78 HP = 1772,19 kW
Trong lugng cua thiét bi nang luong:

~1050£100 _

Theo cong thite (2.29) [3]: py, =— 75— = 0,075 (T/m?) (1.19)

Khéi luong tong ctia dong co chinh ké ca trang thiét bi budong may la:
— WL =pne. Ne = 178,41 (T)
1.3.4. Lwong dw trit lwong chiém nwdc

Theo Nogid trong thiét ké tau thuy [5], lvong chiém nudc dy trir 14y bang 3 — 4 %
lugng chiém nudce cua tau khong.

Wor = 4%. (Dsg — DWT) = 56,22 (T)
1.3.5. Khoi lwong nhién lidu, dau mé, nwéc cdp

Thanh phan khéi luong nay chu yéu 1a khdi luong luong dit trir nhién liéu, theo
cong thuce (2.46) Trang 34 [3].

Ws=Wcp + Wpm + Wne

Trong d6:  Wrn la khoi lugng phan ti€u hao nhién li€u, dau md, nude cap
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Woep 12 khdi lwong chat d6t cho dong co va cac nhu cau khac
Wom 1a khéi luong dau mé cho bdi tron
Wi 13 khéi luong nudce cp cho ndi hoi
~  Khdi luong chat dbt:
Wep=km. t.pcp. N (1.20)
V6éi  km1d hé s6 du trit di bién, km = 1,4
t 1a thot gian hanh trinh, t = 76,13 (gi0)
pep 12 suat tiéu hao nhién liéu, pcp = 0,12 x 107 (T/kW.h) [3]
N 14 tong cong suat may chinh, N = Ne = 1772,19 (kW)
— Khdi lugng chat ddt: Wep = 22,66 (T)

= Theo [3] Trang 35 cac thanh phan dugc néu trong khdi lwong nay déu duoc dic
trung bdi cadc moi quan hé nhu sau:

WbwMm WbwMm
Wep (0,015 - 0,06). Chon Wep

— Wpm = 0,03 x Wep = 0,68 (T)

+ Khoéi luong dau md: =0,03

. . W
+ Khodi lugng nude cap: W—I;g =0(T)

Vay khéi lugng nhién liéu, ddu m&, nude cap la:
Ws=Wcep + Wpm + Wne = 23,35 (T)
1.3.6. Khoi liwong thuyén vién, dé an, nuwdéc uong

Theo [3] Trang 33, khéi lugng thuyén vién duoc ude tinh gom tong khdi lugng
thuyén vién, hanh 1y 1a 120 kg véi so lugng thuyén vién 18 nguoi thi

Wrv =18 x 120 =2,16 (T)

,Kh(')i luong dd in, lwong thuc cho 1 ngudi trong 1 ngay 1 dém khoang 3 kg 1a Waa.
Tuyén duong cang Hai Phong — Hong Kong, thoi gian thyc hién tuyén duong di va vé
véi van toc 12 hai ly / gio la:
T 2S  2x845

V12
—  W@ua=3x18%x3,5=0,189 (T)

Luong nudc cap cho mdi thuyén vién bao gdbm thirc ubng va sinh hoat cho 1 ngay
dém 1a 50 lit. Quy do6i thanh khoi lugng 1a 0,05 T.

—  Wy=0,05x18 x3,5=3,15(T)
Vay tong khoi lugng ctia thanh phan nay 1a: We = Wrv + Waa + Wa = 5,50 (T)

= 76,13 (gi®) = 3 ngay 10 gi&y 20 phit.

1.3.7. Khoi lwong hang hod
Khdi lugng hang hoa chinh 14 trong tai thiét ké ctia tau: Wy = 3800T
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Nhan xét: Tong toan bo khdi lugng cia tau 1a:
W, = Zth =Wy + W2+ WnL + Wpr + Ws+ We + Wun = 5170,62(T)

— D2 = % = 5044,5(m3)
Y

Véi sai sO lugng chiém nudce so bo la:

|Dz _DSB|
N AD:D—:3,O9%(< 5%)

SB
Sai s6 khi udc tinh so bo cua tau thiét ké 1a 3,09% (< 5%) nam trong giéi han cho phép.
1.4. Kiém tra
1.4.1. Kiém tra 6n dinh ban diu

Sau khi xac dinh duoc cac thong sb so bo cho tau thiét ké, yéu cau phai nghiém lai
tinh 6n dinh tinh cta tau. Do on dinh cua tau dua vao chi€u cao 6n dinh ban dau, theo
cong thtrc (2.106) [5].

Hinh 1.4 Canh tay don 6n dinh tau GZ va chiéu cao tim nghiéng GM
GM Ehozzc+ro—zg—Ah (1.21)
Trong do: GM = h, 1a chiéu cao 6n dinh ban dau
KB = z. 1 cao d tAm ndi tinh tir dwong chudn cua day tau
KG = 7, 1a cao d¢ trong tdm tinh tir dudng chuan cua day tau
BM = 1, 12 ban kinh 6n dinh ngang
Ah 14 trj sb giam chiéu cao 6n dinh ban dau do mat thoang

~ Tri s6 h, theo cong thirc thyc nghiém cua Burgess Trang 111 [5] nhu sau:

D
h, .= 0,0988J; =0,81 (m) (1.22)
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x B?

- Ban kinh 6n dinh ngang: r, = a (Theo Vander Fleet [8], Trang 407)

V6i B va T lan luot 1a chiéu rong va chiéu chim tau
a 1a hé s tinh theo cong thuc,

a= CLX (0,0902xC,, —0,02) = 0,075 (1.23)

B
— o = 2,42 (m)
~ Cao d6 tam nbi cua tau tinh theo cong thic: ze=n x T (1.24)
Theo cong thirc Albarct [8], Trang 406 d6i v6i trudng hop Cwm > 0,85 ¢6 cong thirc:
n=11-0,6xC,, =0,51 (1.25)
— Zc = 3,12 (m)
- Cao d0 trong tam tau dugc tinh dua vao ty s6 z/H theo Bang 2.62 [5] Trang 113.

22 _ 0,58+ 0,68) — 7, € (4,32+5,07) m
H

- Zg = 496 (m)

- Trisd giam chiéu cao on dinh ban dau do mat thoang Ah co gia tri trong khoang
3 =5 cm d€ dam bao sai s0 trong tinh toan va nhing phat sinh bi€n dong do thay
doi khoi luong tau [5] Trang 113 — Ah =5 cm = 0,05 m.

— Chiéu cao 6n dinh ban dau cta tau sau khi thiét ké 1a: ho = 1,17 (m)
Nhén xét: ho > homin (1,17 > 0,81) — Tau thiét ké dam bao tinh 6n dinh ban dau.
1.4.2. Kiém tra chu ky lic ngang

Véi cac thong sb so bd tau dd xac dinh, chu ky lic ngang cua tau dugc ude tinh dé
don gidn nhu sau [5], trang 132:

/B +422
T, =0,58x Y "% —9(s) (1.26)
[%] \/h7
0

Trong do:

T, 14 chu ky lac ngang ciia tau, (s)
~ B la chiéu rong tau, (m)
- Zgla cao d0 trong tam tau (m)
~ ho 12 chiéu cao 6n dinh ban dau, (m)
Theo Bang gia tri thuc nghiém cta chu ky tu lic cac loai tau [5], Trang 131
Tau hang véi trong tai 1000 — 5000T c6 chu ky tu lic trong khoang 7 dén 10s
— Nhén xét: T, =95 € (7 10) s. Vay chu ky lac ngang ctia tau dam bao.
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1.4.3. Kiém tra dung tich tau

Téng dung tich dé chtra hang cia tau trong tinh thiét ké duoc tinh toan cin ctr vao
chiéu cao khoang hang H va chiéu dai khoang may Lim, dugc thé hién trong cong thirc
(2.113) [5]:

V,, =(K, xK,xL-K,xL,_ )xBxH (1.27)
Trong do:
Vin 13 téng dung tich khoang hang, m?
H 1a chiéu cao khoang hang, m
Lim 12 chiéu dai khoang may dugc ude tinh nhu cong thirc dudi day:
Lkm € (0,12 +0,2) x L = (9,32 + 15,54) (m) — Chon Lim =12 m

Céac hé s6 K1, Ko, K3 1an luot 1a cac hé sd thuc nghiém véi: Ki 1a hé s6 dbi
v6i man kho toi thieu duoc lay bang K = 0,95Cw +0,05 = 0,86

Ko=0,96vaKs=1
— To6ng dung tich khoang chira hang 13: Vi = 5459,90 (m?)
Dung tich can thiét dé chd hang:
V,, =uxDWT = 1,25 x 3800 = 4750 (m?)
Trong d6: p = 1,25 (m*/T): hé s6 chd hang (Bang 6.12 [4], trang 426)

Nhan xét: Vi > Ve (5459,90 m® > 4750 m?). Vay nén tau thiét ké c6 thé dam bao cho
dugc véi trong tai 3800T nhu yéu cau.
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CHUONG 2: THIET KE TUYEN HINH TAU

2.1. Phuong phap thiét ké

Thiét ké tau 1a mot trong nhitng budc quan trong trong thiét ké tau. N6 anh huong
tryc tiép dén cac tinh ning cta con tau nhu tinh 6n dinh, tinh chong chanh, tinh di bién,
bén canh d6 con anh huong dén quy trinh cong nghe ché tao tau thuy va qua trinh bao
dudng va stra chita tau thuy. Viéc thiét ké tuyén hinh tau phai thoa man cac yéu cau clia
chi tau, dua vao ban nhiém vu thiét ké phan anh toan bo cac yéu ciu co ban nhu thong
s6 tau, cong dung tau, ving hoat dong va tinh ning cua con tau.

Viéc xdy dung hinh dang than tiu cé nhiéu cach va thuong thi dugc chia lam hai
nhom chinh [9]:

— Nhom I: Phuong phap thiét ké theo tau tham khao — phuong phap phu thudc
~ Nhom II: Phuong phap thiét ké khong theo tau tham khao — phwong phéap doc 1ap
2.1.1. Phwong phdp thiét ké khéng theo tau tham khdio

Trong phuong phap nay, k¥ su thiét ké tau sé sir dung cac bicu dd, cac cong thic
thuc nghiém duoc xay dung tir cdic mé hinh tau dugc ché tao voi ty 1€ thu nho va nhitng
12p luén, kinh nghiém cua cac nha 1y thuyét va thuc hanh vé linh vyc tau thuy.

Phuong phap nay voi uu diém sé& cho ra ban thiét ké tau toi uu hon so véi phuong
phap thiét ké theo tau mau rat nhleu vi n6 dugc ché tao mod hinh va thtr nghiém tryuc tiép
trong cac mo hinh diéu kién thyc té. Nhung viéc thiét ké s& ton nhiéu thoi gian va doi
hoi kién thuc k¥ su hodc chuyén gia thiét ké & mirc kha cao dé xac dinh duoc cac thong
s6 va tuyén hinh tau.

2.1.2. Phwong phdp thiét ké theo tau tham khdo

Hién nay, day 1a phuong phap thiét ké tau duoc ap dung rong rai va phd bién nhit
vi tau tham khao 1a nhiing con tau da dugc dong va van hanh an toan voi do tin cay cao.
Véi viée sir dung tau tham khao c6 thong so sat v6i yéu cau thiét ke giup day nhanh viéc
thiét ké, k¥ su thiét ké tau c6 thé nhanh chong dua ra cac thong sb chi yéu cho tau thiét
ké. Giup viéc thiét ké tau tro nén don gian va thuan tién hon. Nhung bén canh d6 phuong
phap thiét ké nay ciing c6 nhimg han ché khién k¥ su thiét ké tau chu quan va dé dua
dén nhiing phuong an khong t6i wru vé tuyén hinh tau cting nhu cac tinh nang khac trong
diéu kién thiét ké cho phép. Trong nhém phuong phap thiét ké theo tau mau nay co cac
phuong phap nhu:

— Phuong phép tong hop: phuong phap Buvnov, Nogid, Pozdyunin

- Phuong phap tung phan: sir dung dong dang hinh hoc chiéu dai, chiéu rong va
chiéu chim cuia tau. Xac dinh luong chiém nuéc bang ty 18 theo cac phuong trinh
nhu phuong trinh Nogid, phuong trinh Keith, phuong trinh Buvnov. Xac dinh
cong suit may, tinh 6n dinh ngang, ... bang cac cong thirc thuc nghiém

_ Trong bai thuyét minh d6 an t6t nghiép, em chon phuong an thiét ké dya theo tau
mau voi tau mau 1a tau chd hang khdé SCV — 16 cuia Tong cong ty Cong nghi¢p Tau thuy
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Viét Nam. Dé thoa man céac yéu cau thiét ké dua ra cho tau t tién hanh diéu chinh céc
thong s6 tau dé vira dap tng cac yéu cau thiét ké va vira ddm bao thuc hi¢n dung theo
phuong phap. Céc thong s6 do dugc diéu chinh va thiét ké nhu sau:

Chiéu dai L: chiéu dai tau duoc thay doi dé dap ung yéu cau thiét ké chinh 1a

trong tai va cong dung tau. Cac khoang sudn thuc va suon 1y thuyét cua tau sau

khi thiét ké s¢ duogc diéu chinh theo quy pham cua Viét Nam va theo chiéu dai

than tau mai.

Chiéu rong B thay doi bang cach ldy nira chiéu rong tau 16n nhat trén mit cat
Brrhiét ké

Brram aine, * 52U doé vé lai cac mat cat ngang maoi.
am ao

ngang tau nhan véi ty 1€ k =
Chiéu chim T: chiéu chim duoc thay d6i dya vao ty 1& B/T cua tau mau va chiéu
rong B da xac dinh trude d6. S6 duong nudce cho tau thiét ké s€ duoc lay theo tau
tham khéo, khodng cach duong nudc dugc tinh dya vao chiéu chim tinh toan
dugc va s6 duong nudc cua tau tham khao.

Céc hé s6 béo Cp, Cym hau nhu sé it thay d6i dé dam bao tinh 6n dinh cta tau sau
khi thiét ké s€ dugc dam bao nhu tau tham khao. H¢ s6 béo Cp c6 chut thay doi
vi chiu dai tau sau thiét ké sé thay doi kha nhi€u so voi tau tham khao.

Khi thiét ké ddi v6i tuyén hinh tau tham khao phai dam bao mot s6 yéu cau sau:
+ Tau mau phai cung chirc ning voéi tau thiét ké: tau chd hang kho.

+ Kich thuéc chinh, van tc, luong chiém nuéc cta tau mau va tau thiét ké
tuong duong véi nhau: AL/L, AB/B, Ad/d ¢6 gia tri dén (7 + 10)%
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Thiét ké hinh ddng thén tau ché hdng khé trong tai 3800 DWT hoat déng trong ving bién han ché cap 1
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

2.1.3. Théng sé tau tham khdo

Sau khi xac dinh va kiém tra cac thong so6 tau & Chuong 1, em c6 bang gia tri cac

thong s6 cua tau thiét ké nhu sau:

Bang 2.1 Cac thong sb chu yéu cua tau thiét ké

STT Thong sb co ban Ky hiéu Tau mau Tau thiét ké | Pon vi
1 | Chiéu dai dai thiét ké L 73 77,70 m
2 | Chiéu rong thiét ké B 13,20 14,05 m
3 | Chiéu cao man H 7 7,45 m
4 | Chiéu chim Tw 5,75 6,12 m
5 | Trong tai DWT 3385 3800 T
6 | Hé s6 béo thé tich Cs 0,76 0,76 -
7 | Hé s béo suodn giita Cum - 0,98 -
8 | Hé s6 béo dudng nudc Cw - 0,85 -
9 | Hé s béo lang tru Cp - 0,71 -
10 | Luong chiém nuéc A 4636,98 5205,48 T
11 | TysbL/B - 6,05 6,05 -
12 | Ty s6 B/T - 2,30 2,28 -
13 | Ty sé H/T - 1,22 1,22 -

Cac ty $6 déng dang la:
~ Ty sb dong dang theo chiéu dai tau 1a: k; = I]j\f =1,064
- Ty s6 dong dang theo chiéu rong tau la: ko = ]B;j\f = 1,064
~ Ty sb ddng dang theo chiéu chim tau 1a: ks = TTT\IF = 1,064
So sanh v&i yéu cau thiét ké:
AL/L = (77,7 -73)/73 = 6,05 % (thoa man)

AB/B = (14,05 — 13,2)/13,2=6,05% (thoa man)

AT/T = (6,12 —5,75)/5,75=6,05% (thoad mén)

SVTH: Nguyén Pic Hoang Long GVHD: TS. Nguyén Tién Thira
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

2.1.4. Tuyén hinh tau thiét ké
Thong thudng tuyén hinh tau dugc biéu dién theo ba hinh chiéu gom hinh chiéu
ding, hh}h chiéu bang va hinh chi€u canh tuong irng la mét cé‘g doc, m;it cat duc‘)’pg nudc
va mdt cat ngang than tau. Khoang cach gitra cac mat cat va s6 mat cat dugc diu chinh
phu thudce vao tau tham khao va phai thod man véi cac Quy chuan Viét Nam QCVN
21:2015/BGTVT.
- Khoang cach cac duong suon 1y thuyét cua tau thiét ké:
aTK = @Tham khao X K1 = 3650 X 1,064 = 3885 mm
~ Khoéng cach giira cac dudng nudc cia tau thiét ké:
DN = DNtham khio X k3 = 1150 x 1,064 = 1224,5 — Chon DN = 1200 mm

- Khoang cach cac cat doc cua tau thiét ké duoc chon theo sb cét doc 13 5 cit doc.
B/2

Khoang cach gitra cac cit doc 1a: CD = 5 = 1405,05 — Chon CD = 1450 mm.

Phuong phép xdy dung tuyén hinh tau thuy:

~ Budc 1: Lay tri s6 cac hinh chiéu cua tau tham khao nhan véi cac hé s6 dong
dang hinh hoc ki, ko, k3 d€ tao cac mat cat theo tuyén hinh maéi1 dong dang.

- Budc 2: Tao cac mit cat theo khoang suon, cdc mat cat theo duong nudce va cac
mat cat theo duong cat doc cua tau thiét ke.

- Budc 3: Do cac kich thudce trén cac mit cit moi tao duge va hoan thién bang tri
sO tuyén hinh cho tau thiét ké.

- Budc 4: Kiém tra va hiéu chinh tuyén hinh sau khi thiét ké.

Bang 2.2 Vi tri cac dudng cit doc, cit ngang va dudng nude ciia tuyén hinh

Vi tri cac suon 1y thuyét Vi tri cac duong nude | Vi tri cac duong cit doc
TT | Hoanh @6 | TT | Hoanh d6 DN Cao do CD Tung do

0 -38850 | 11 3885 DN 0 0 DT 0

1 -34965 | 12 7770 DN 1 1200 CDh 1 1450

2 -31080 | 13 11655 DN 2 2400 CDh2 2900

3 -27195 | 14 15540 DN 3 3600 CD3 4350

4 -23310 | 15 19425 DN 4 4800 Ch4 5800

5 -19425 | 16 | 23310 DN 5 6000 CD 5 7250

6 -15540 | 17 | 27195 DN 6 7200 CDo6 8700

7 -11655 | 18 31080 DN 7 8400
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

8 -7770 19 | 34965 DN 8 9600
9 -3885 20 | 38850 DN 9 10800
10 0
Bang 2.3 Trj s6 tuyén hinh tau theo nira chiéu rong
Vi tri Nira chiéu rong
DN | bCB | 1200 | 2400 | 3600 | 4800 | 6000 | TK | MB | BD | MCS
VL - - - - - 578 | 905 | 4364 | 5769 | 6014
0 - - - - - 2018 | 2248 | 5019 | 6083 | 6275
1 146 | 742 | 1046 | 1560 | 2582 | 4092 | 4245 | 5876 | 6569 | 6612
2 399 | 2176 | 3043 | 3919 | 4821 | 5643 | 5717 | 6490 | 6883 | 6892
3 1032 | 3560 | 4715 | 5565 | 6171 | 6601 | 6633 | 6886 | 7025 | 7025
4 1996 | 4920 | 5930 | 6538 | 6856 | 6973 | 6797 | 7025 | 7025 | 7025
5 35551 6098 | 6712 | 6915 | 7002 | 7018 | 7018 | 7025 - -
6 5034 | 6733 | 6982 | 7025 | 7025 | 7025 | 7025 | 7025 - -
7 5806 | 6952 | 7025 | 7025 | 7025 | 7025 | 7025 | 7025 - -
8-14 | 5961 | 7025 | 7025 | 7025 | 7025 | 7025 | 7025 | 7025 - -
15 5652 | 6974 | 7025 | 7025 | 7025 | 7025 | 7025 | 7025 - -
16 | 4232 | 6664 | 6961 | 6994 | 7025 | 7025 | 7025 | 7025 - -
17 | 2514 | 5765 | 6392 | 6637 | 6758 | 6842 | 6850 | 6950 - -
18 | 1028 | 3754 | 4553 | 5035 | 5420 | 5724 | 5754 | 6163 - -
19 474 | 1800 | 2080 | 2243 | 2550 | 3263 | 3347 | 4603 | 6102 | 6229
20 0 885 | 1018 | 1115 | 1062 - - 2213 | 4850 | 6068

SVTH: Nguyén Pic Hoang Long
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Bang 2.4 Trj s6 tuyén hinh tau theo nira chiéu cao

Nira chiéu cao
DT CDo,5s | CDI |[CDII'| CDIIT | CDIV | MB BD MCS
5801 6053 6343 | 7108 8251 10492 | 8265 | 10394 11459
5003 5553 5711 | 6478 7475 7825 7964 | 10309 11380
- 1121 3405 | 5075 6204 7825 7964 | 10309 11379
- 59 436 | 2196 4170 6258 7773 | 10254 11331
- - 112 743 1967 4019 7542 | 10203 11283
- - - 169 784 2204 7451 | 10203 11283
- - - - 147 898 7451 - -
- - - - - 294 7451 - -
- - - - - - 7451 - -
- - - - - - 7451 - -
- - - - - 20 7451 - -
- - - - - 419 7507 - -
- - - 18 301 1242 7553 - -
- - 59 561 2011 6302 7703 - -
- 70 569 5463 7542 9798 7755 | 10300 10515
0 677
5854 5444 7527 | 8763 | 10019 | 11285 | 8175 | 10455 11520
6387 6915

2.2. Kiém tra va hiéu chinh tuyén hinh

Sau khi thyc hién tinh thiét ké cac thong sb tuyén hinh cia tau thuy ta s& thu duoc
ban tri s6 tuyén hinh theo ntra chiéu rong va chiéu cao. O phan kiém tra va hiéu chinh
s€ dién tich suon ly thuyét, dién tich duong nudc, luong chiém nude, tinh toan hoanh
d6 tam duong nudc thiét ké, cac hé sb béo dé dam bao rang cac gia tri sau khi thiét ké
s& khong qua chénh 1éch (5%) so véi thong sb tau mau.

SVTH: Nguyén Pic Hoang Long
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

2.2.1. Dign tich swon Iy thuyét

Dién tich suon 1y thuyét duoc tinh theo cac phwong phap tich phan gan ding da
dugc hoc nhu phuong phap suon Tchebyshev, phuong phap hinh thang, phuong phap
Simpson, ... Phuong phap thuong dugc sur dyng, don gian va kha hiéu qua 1a phuong
phap hinh thang véi cong thirc chung dugc thé hién nhu sau:

b 1
A:Lydx:EAxx(yo+2y1+2y2....+2y,,,1+)’n) (2.1)

Y
y = I(x) ,

> =
/]/ -
- X

a 2 3 4

Hinh 2.2 Phuong phép hinh thang
Ap dung vio dé tinh toan dién tich sudn cia tau thiét ké nhu sau:
S=(Yo+y))d +(y, +¥,)d, +(¥, + ;) ds + (v, + ¥, )dy (v + 5 )ds +(¥s + ¥ ) dy (2.2)
Trong do:
~ S 1adién tich suon 1y thuyét tai mat cat dang xét
-y la d6 dai chiéu rong cta suodn 1y thuyét tai dudng nudc dang xét
- di(i=1,...,5, tk) 1a khoang cach cua cac duong nudc.
Véidi=d2=ds =ds=ds=d = 1200mm va dg = 120 mm
Cong thirc tinh dién tich suon co thé ghi lai nhu sau:
S=d x (yo+2y1 +2y> +2y3+ 2ys + 1,1ys + 0,1yw) (2.3)

Tu phuong phap hinh thang va cac dir liéu tu bang tri 5O tuyép hinh ta lap dugc céac
bang tinh di¢n tich suon ly thuyét tr Suon 0 dén Suon 20 dugc the hién trong Bang sau.

SVTH: Nguyén Pic Hoang Long

DN Vi ki yiki DN Vi Ki yiki
0 0 1 0 0 160 1 160
1 0 2 0 1 742 2 1484
2 0 2 0 2 1046 2 2092
3 0 2 0 3 1560 2 3120
4 0 2 0 4 2582 2 5164
5 2018 | 0,83 | 1676,6 5 4092 | 1,1 4501,2
tk 2248 | 0,1 224.8 tk | 4245 | 0,1 424.,5
Suon 0 (mm?) 2281706 Suon 1 (mm?) 20334840
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

DN Vi ki yiki
0 399 1 399
1 2176 2 4352
2 3043 2 6086
3 3919 2 7838
4 4821 2 9642
5 5643 1,1 6207,3
tk 5717 | 0,1 571,7
Suon 2 (mm?) 42115200
DN Vi Ki yiKi
0 1996 1 1996
1 4920 2 9840
2 5930 2 11860
3 6538 2 13076
4 6856 2 13712
5 6973 1,1 7670,3
tk 6979 | 0,1 697.9
Suon 4 (mm?) 70622640
PN Vi Ki yiKi
0 5034 1 5034
1 6733 2 13466
2 6982 2 13964
3 7025 2 14050
4 7025 2 14050
5 7025 1,1 7727,5
tk 7025 0,1 702,5
Sudn 6 (mm?) 82792800
DN Vi ki yiKi
0 5961 1 5961
1 7025 2 14050
2 7025 2 14050
3 7025 2 14050
4 7025 2 14050
5 7025 1,1 7727,5
tk 7025 | 0,1 702,5
Suon 8 — 14 (mm?) 84709200

DN Vi Ki yiKi
0 1032 1 1032
1 3560 2 7120
2 4715 2 9430
3 5565 2 11130
4 6171 2 12342
5 6601 1,1 7261,1
tk 6633 0,1 663.3
Suon 3 (mm?) 58774080
DN Yi Ki yiKi
0 3555 1 3555
1 6098 2 12196
2 6712 2 13424
3 6915 2 13830
4 7002 2 14004
5 7018 1,1 7719.,8
tk 7018 0,1 701,8
Sudn 5 (mm?) 78516720
PN Vi Ki yiKi
0 5806 1 5806
1 6952 2 13904
2 7025 2 14050
3 7025 2 14050
4 7025 2 14050
5 7025 1,1 7727.,5
tk 7025 0,1 702,5
Suon 7 (mm?) 84348000
DN Vi Ki yiKi
0 5652 1 5652
1 6974 2 13948
2 7025 2 14050
3 7025 2 14050
4 7025 2 14050
5 7025 1,1 7727,5
tk 7025 0,1 702,5
Suodn 15 (mm?) 84216000
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

DN Vi ki yiKi
0 4232 1 4232
1 6664 2 13328
2 6961 2 13922
3 6994 2 13988
4 7025 2 14050
5 7025 | 1,1 7727,5
tk 7025 | 0,1 702,5
Suon 16 (mm?) 81540000
DN Vi Ki yiki
0 1028 1 1028
1 3754 2 7508
2 4553 2 9106
3 5035 2 10070
4 5420 2 10840
5 5724 1,1 6296.4
tk | 5754 | 0,1 | 5754
Suon 18 (mm?) 54508560
PN yi Ki yiKi
0 0 1 0
1 885 2 1770
2 1018 2 2036
3 1115 2 2230
4 1062 | 1,88 1994.8
5 0 1,1 0
tk 0 0,1 0
Suon 20 (mm?) 9636948

DN Vi ki yiKi
0 2514 1 2514
1 5765 2 11530
2 6392 2 12784
3 6637 2 13274
4 6758 2 13516
5 6842 | 1,1 7526,2
tk | 6850 | 0,1 685
Suodn 17 (mm?) 74195040
DN Vi Ki yiKi
0 474 1 474
1 1800 2 3600
2 2080 2 4160
3 2243 2 4486
4 2550 2 5100
5 3263 1,1 3589.3
tk 3347 0,1 334,7
Suon 19 (mm?) 26092800

2.2.2. Kiém nghiém lai lwong chiém nwéc va hoanh dé tim noi

Sau khi thiét ké tuyén hinh, viéc kiém tra luong chiém nudc rat quan trong dé danh
gia tuyén hinh thu dugc c6 thoa man sai s6 voi phuong phép thiét ké dua trén tau tham
khao bang viéc tinh luong chiém nude cho tuyén hinh thu dugc bang phuong phap tinh
gan dang hinh thang véi sai s6 khong qué 5%.

Bang 2.5 Tinh luong chiém nudc bang phuong phap hinh thang

Suon | yi(m) ki yiki i lyiki
0 2,2817 1 2,2817 -10 -22,81706
1 20,334 2 40,63608 -9 -366,0271
2 42,1152 2 84,2304 -8 -673,843
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

3 58,7741 2 117,5482 -7 -822,837
4 70,6226 2 141,2453 -6 -847,472
5 78,5167 2 157,0334 -5 -785,167
6 |82,7928 2 165,5856 -4 -662,342
7 84,348 2 168,696 -3 -506,088
8 |84,7092 2 169,4184 -2 -338,837
9 84,7092 2 169,4184 -1 -169,418
10 | 84,7092 2 169,4184 0 0
11 | 84,7092 2 169,4184 1 169,4184
12 | 84,7092 2 169,4184 2 338,8368
13 | 84,7092 2 169,4184 3 508,2552
14 | 84,7092 2 169,4184 4 677,6736
15 84,216 2 168,432 5 842,16
16 81,54 2 163,08 6 978,48
17 | 74,195 2 148,3901 7 1038,731
18 |54,5086 2 109,0171 8 872,137
19 126,0928 2 52,1856 9 469,6704
20 | 9,6369 1 9,6369 10 96,369
Tong 2713,96 796,8824
Luong chiém nude duoc tinh theo phuong phap hinh thang 1a:
A, :%x yxALx Y (Sk,) = %x 1,025 7;)7 x2713,96 = 5403,93(T)

So sanh vai1 lugng chiém nude duge tinh toan so bo ban dau:

A —A 5403,93_5205’48|X100:3,81%
5205,48 ‘

5: HT

1

‘xlOOz‘

01 =3,84% < 5%
— Luong chiém nudc trong tuyén hinh tau thiét ké va lugng chiém nudc trong giai
doan thiét ké so bo c6 dd chénh 1€ch kha nho (3,84%) co6 thé bo qua va chap nhan duoc.
Hoanh d6 tdm ndi ctia tuyén hinh tau 1a:
2iS K, _ 77,7 y 797,48 _
2.SK, 20 2714,73

X, =ALXx 1,14 (m)

Trong giai doan thiét ké so bo hoanh do tdm ndi cua tau cb gia tri tor 0,71 m dén
2,42 m nén hoanh d¢ tdm noi cua tuyén hinh tau thiét ké thod man.

2.2.3. Kiém nghiém dwong nwoc thiét ké va hoanh dé tim dwong nwéc

Viéc kiém nghiém dudng nude thiét ké dugc thuc hién béng cach so sanh dién tich
duong nudce thiét ké vai dién tich duong nude dugce tinh theo phuong phap hinh thang.
Sai s0 nay phai & trong murc cho phép 5%.
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Bang 2.6 Tinh toan dién tich dudng nude thiét ké

Swon yi (m) K; Ki.yi i i.ki.yi
0 0,905 1 0,905 | -10 | -9,05
1 2,248 2 4,496 -9 | -40,464
2 4,245 2 8,49 8 | -67,92
3 5,717 2 11,434 | -7 |-80,038
4 6,633 2 13266 | -6 | -79,596
5 6,979 2 13958 | -5 | -69,79
6 7,018 2 14,036 | -4 | -56,144
7 7,025 2 14,05 -3 | 42,15
8 7,025 2 14,05 -2 -28,1
9 7,025 2 14,05 -1 | -14,05
10 7,025 2 14,05 0 0
11 7,025 2 14,05 1 14,05
12 7,025 2 14,05 2 28,1
13 7,025 2 14,05 3 42,15
14 7,025 2 14,05 4 56,2
15 7,025 2 14,05 5 70,25
16 7,025 2 14,05 6 84,3
17 6,85 2 13,7 7 95,9
18 5,754 2 11,508 8 | 92,064
19 3,347 2 6,694 9 | 60,246
20 0 1 0 10 0

Tong 238,987 -53,879

Dién tich dudng nudc thiét ké theo phwong phap hinh thang la:
S2 = AL.2ki.yi= 928,51 (m?)
Dién tich dudng nudce thiét ké trong giai doan tinh toan so bo:
Si = Cw.B.L = 933,26 (m?)
So sanh sai s gitra giai doan thiét ké so bo va giai doan thiét ké tuyén hinh ta duoc:
% x100=4,83% (< 5%)

1

5, =

Hoanh d6 tam duong nudce dugce tinh dua vao phuong phéap hinh thang la:

ik..y.
X, = ALx 25 g g716

D k.y,

Xfl B sz

Sai s6 hoanh d6 tdm duong nuéc: &, = x100 = 4,62%

fl

Dua vao cac két qua so sanh trén cho ta thay tuyén hinh sau khi thiét ké da duoc
thuc hi¢n dung.
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

CHUONG 3: TINH TOAN PAC TiNH THUY TiNH, ON PINH CUA
TAU THIET KE

3.1. Co s6 Iy thuyét

Sau khi thyc hién tinh toan so bd cac thong s6 co ban, xay dung tuyén hinh cua tau
thiét ke, kiém nghi€ém cac thong so tinh toan da thuc hién hop 1y ching ta s€ tinh toan
dac tinh thuy tinh va 6n dinh cua tau. Cu thé doi1 véi ting phan nhu sau:

- Tinh toan dac tinh thuy tinh mo6 ta mdi quan hé gitra hinh dang than tau va luc
ndi, cling nhu cac dic diém hinh hoc lién quan dén su ndi va can bang cua tau
trong nudc dimg yén. Phan nay sé kiém tra su phan ing cua tau dbi voi goc
nghiéng nho (< 10°) bang cac dai lugng nhu luong chiém nuéc, hoanh d6 tim
nodi, cao dJ tdm noi, dién tich duong nudc, hoanh d6 tam dién tich duong nudc,
momen quan tinh, ... dya trén dudong cong thuy lyc trén cadc duong nudce tir dudng
nudc 0 dén duong nudc thiét ke.

- Tinh to4n 6n dinh hay can béng 6n dinh duogc thuc hién tinh toan su can béng tau
doi véi céac truong hop tai trong khac nhau cua tau.

3.1.1. Pé thi thuy lwc Bonjean

Xay dung db thi Bonjean 1a mot budc vo cling quan trong trong qua trinh tinh toan
thuy luc, tinh noi thé hién r6 trong viéc tinh toan can bang va 6n dinh tau. DS thi Bonjean
thé hién dién tich mat cat ngang than tau tai cac tram doc theo chiéu dai tau, tuong ung
vo1 cac muc mon nude khac nhau. Nén rat thuan tién trong vi¢c tinh toan thé tich chiém
nudc tai mot duong nude bat ky. Bén canh d6 do thi Bonjean con dugc ing dung nhiéu
trong thuc t€ nhu tinh toan d¢ chui mii, chti dudi khi thay doi khoi luong tau (chiéu
chim), tinh toan 6n dinh ngang qua dién tich phan chim, udc lugng trong tam, trong
lugng, phan bod anh, anh hudng dén kha nang phuc hoi cta tau khi bi nghiéng.

D6 thi Bonjean thudng bao gom hai ho duong cong chinh:

- Puong cong dién tich cac suon 1y thuyét S (m?)

- Puodng cong momen tinh dién tich cac suon Iy thuyét Mw (m?)

3.1.2. Cac dai lwgng, cong thirc va phwong phap tinh todn

Dién tich sudn 1y thuyét tai duong nude i Wi (m?) [4] Trang 19:
T
= [2ydz (3.1)
Momen tinh dién tich suon 1y thuyét so v6i duong chuan Mw (m?) [4] Trang 20:

M, = 2_[ y.zdz (3.2)
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Pé tinh duoc hai dai luong nay, ta s dung lai phuong phap tich phan gan ding
hinh thang da duoc thuc hi¢n trudc d6. Khi nay dién tich suon 1y thuyét va momen tinh
cua dién tich duoc tinh nhu sau:

- Dién tich suon: W, = Ad.ztlo Y, (3.3)

My, =Ad Y (y,d) (3.4)

- Momen tinh cua dién tich suon:

Trong do:

+ Ad: khoang cach duong nudce, (m).
+ yi: Nua chiéu rong tau & duong nudc 1 cua suon thir j (m).

+ 1: Canh tay don cua duong nudc i so véi duong chuan day.

y

Dz

/

-

Hinh 3.1 Minh hoa phuong phap hinh thang 4p dung d¢ tinh d6 thi Bonjean

Tai cac suon ly thuyét, dién tich va momen dugc tinh nhu sau:

Béang 3.1 Tinh dién tich va momen sudn 0

bN Vi 2yi w 1 yi.d Yyi.d My,

DN 0 0 0 0 0 0 0 0

bN 1 0 0 0 1 0 0 0

bN 2 0 0 0 2 0 0 0

DN 3 0 0 0 3 0 0 0

bN 4 0 0 0 4 0 0 0

DN 5 2,018 2,018 2,4216 5 10,09 10,09 14,53
DN TK | 2,248 6,284 3,1757 5,1 11,465 | 31,645 14,985

DN 6 3,043 10,722 11,58 6 18,258 | 58,395 | 68,112
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Béang 3.2 Tinh di¢n tich va momen suon 1

DN Vi 2yi w 1 yi.d Yyi.d My,
DN 0 0,16 0,16 0,192 0 0 0 0
DN 1 0,742 0,902 1,0824 1 0,742 0,742 1,0685
DN 2 1,046 2,69 3,228 2 2,092 3,576 5,1494
DN 3 1,56 5,296 6,3552 3 4,68 10,348 | 14,901
DN 4 2,582 9,438 11,326 4 10,328 | 25,356 | 36,513
DN 5 4,092 16,112 | 19,334 5 20,46 56,144 | 80,847

DN TK | 4,245 16,946 | 20,335 5,1 21,65 60,355 | 81,716
DN 6 4,01 25,201 | 27,217 6 24,06 101,49 | 118,38
Béang 3.3 Tinh dién tich va momen sudn 2

bN Vi 2yi w 1 yi.d Yyi.d My,
DN 0 0,399 0,399 0,4788 0 0 0 0
DN 1 2,176 2,575 3,09 1 2,176 2,176 3,1334
DN 2 3,043 7,794 9,3528 2 6,086 10,438 | 15,031
DN 3 3,919 14,756 | 17,707 3 11,757 | 28,281 | 40,725
DN 4 4,821 23,496 | 28,195 4 19,284 | 59,322 | 85,424
DN 5 5,643 33,96 40,752 5 28,215 | 106,82 | 153,82

DN TK | 5,717 35,096 | 42,115 5,1 29,157 | 112,56 | 155,44
DN 6 6,282 47,095 | 50,863 6 37,692 | 172,72 | 201,46
Béang 3.4 Tinh dién tich va momen suon 3

bN Vi 2yi w 1 yi.d Yyi.d My,
DN 0 1,032 1,032 1,2384 0 0 0 0
DN 1 3,56 4,592 5,5104 1 3,56 3,56 5,1264
DN 2 4,715 12,867 15,44 2 9,43 16,55 23,832
DN 3 5,565 23,147 | 27,776 3 16,695 | 42,675 | 61,452
DN 4 6,171 34,883 41,86 4 24,684 | 84,054 | 121,04
DN 5 6,601 47,655 | 57,186 5 335 141,74 | 204,11

DNTK | 6,633 48,978 | 58,774 5,1 33,828 | 148,43 | 206,25
DN 6 6,84 62,451 | 67,448 6 41,04 215,81 | 251,72
Béang 3.5 Tinh dién tich va momen sudn 4

DN Vi 2yi w i yi.l Yyl My
DN 0 1,996 1,996 2,3952 0 0 0 0
DN 1 4,92 6,916 8,2992 1 4,92 4,92 7,0848
DN 2 5,93 17,766 | 21,319 2 11,86 21,7 31,248
DN 3 6,538 30,234 | 36,281 3 19,614 | 53,174 | 76,571
DN 4 6,856 43,628 | 52,354 4 27,424 | 100,21 144,31

SVTH: Nguyén Pic Hoang Long

GVHD: TS. Nguyén Tién Thira

25



Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

DN 5 6,973 57,457 | 68,948 5 34,865 162,5 234
DNTK | 6,979 58,852 | 70,623 5,1 35,593 | 169,55 | 236,44
DN 6 7,025 72,856 | 78,685 6 42,15 239,52 | 279,37
Béang 3.6 Tinh dién tich va momen suon 5
bN Vi Yyi w 1 yi.d Yyi.d My,
DN 0 3,555 3,555 4,266 0 0 0 0
DN 1 6,098 9,653 11,584 1 6,098 6,098 8,7811
DN 2 6,712 22,463 | 26,956 2 13,424 25,62 36,893
DN 3 6,915 36,09 43,308 3 20,745 | 59,789 | 86,096
DN 4 72 507 608 4 288 108,54 156,3
DN 5 7,018 64,027 | 76,832 5 35,09 171,64 | 247,16
DNTK | 7,018 65,431 | 78,517 5,1 35,792 | 178,73 | 249,74
DN 6 7,025 79,474 | 85,831 6 42,15 248,88 | 290,29
Béang 3.7 Tinh dién tich va momen sudn 6
bN Vi 2yj w 1 yi.i Yyi.l My,
DN 0 5,034 5,034 6,0408 0 0 0 0
DN 1 6,733 11,767 14,12 1 6,733 6,733 9,6955
DN 2 6,982 25,482 | 30,578 2 13,964 27,43 39,499
DN 3 7,025 39,489 | 47,387 3 21,075 | 62,469 | 89,955
DN 4 7,025 53,539 | 64,247 4 28,1 111,64 | 160,77
DN 5 7,025 67,589 | 81,107 5 35,125 | 174,87 | 251,81
DNTK | 7,025 68,994 | 82,793 5,1 35,828 | 181,96 | 254,43
DN 6 7,025 83,044 | 89,688 6 42,15 252,14 294,1
Béang 3.8 Tinh dién tich va momen sudn 7
bN Vi Xyi w i yi.i Yyi.l My,
DN 0 5,806 5,806 60,9672 0 0 0 0
DN 1 6,952 12,758 15,31 1 6,952 6,952 10,011
DN 2 7,025 26,735 | 32,082 2 14,05 27,954 | 40,254
DN 3 7,025 40,785 | 48,942 3 21,075 | 63,079 | 90,834
DN 4 7,025 54,835 | 65,802 4 28,1 112,25 | 161,65
DN 5 7,025 68,885 | 82,662 5 35,125 | 175,48 | 252,69
DNTK | 7,025 70,29 84,348 5,1 35,828 | 182,57 | 255,32
DN 6 7,025 84,34 91,087 6 42,15 252,75 | 294,81
ang 3.9 Tinh di¢n tich va momen suon 8 — 14
DN Vi 2yi w 1 yi.l Yyl My
DN 0 5,961 5,961 7,1532 0 0 0 0
DN 1 7,025 12,986 | 15,583 1 7,025 7,025 10,116
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

DN 2 7,025 27,036 | 32,443 2 14,05 28,1 40,464
DN 3 7,025 41,086 | 49,303 3 21,075 | 63,225 | 91,044
DN 4 7,025 55,136 | 66,163 4 28,1 112,4 161,86
DN 5 7,025 69,186 | 83,023 5 35,125 | 175,63 2529
DNTK | 7,025 70,591 | 84,709 5,1 35,828 | 182,72 | 255,53
DN 6 7,025 84,641 | 91,412 6 42,15 2529 294,98
Béng 3.10 Tinh dién tich va momen suon 15
bN Vi 2yj w 1 yi.l Yyi.l My
DN 0 5,652 5,652 6,7824 0 0 0 0
DN 1 6,974 12,626 | 15,151 1 6,974 6,974 10,043
DN 2 7,025 26,625 31,95 2 14,05 27,998 | 40,317
DN 3 7,025 40,675 48,81 3 21,075 | 63,123 | 90,897
DN 4 7,025 54,725 65,67 4 28,1 112,3 161,71
DN 5 7,025 68,775 82,53 5 35,125 | 175,52 | 252,75
DNTK | 7,025 70,18 84,216 5,1 35,828 | 182,62 | 255,38
DN 6 7,025 84,23 90,968 6 42,15 2528 294,86
Béng 3.11 Tinh dién tich va momen suon 16
bN Vi Yyi A4 1 yi.d Yyi.d My,
DN 0 4,232 4,232 5,0784 0 0 0 0
DN 1 6,664 10,896 | 13,075 1 6,664 6,664 9,5962
DN 2 6,961 24,521 | 29,425 2 13,922 27,25 39,24
DN 3 6,994 38,476 | 46,171 3 20,982 | 62,154 | 89,502
DN 4 7,025 52,495 | 62,994 4 28,1 111,24 | 160,18
DN 5 7,025 66,545 | 79,854 5 35,125 | 174,46 | 251,22
DNTK | 7,025 67,95 81,54 5,1 35,828 | 181,56 | 253,84
DN 6 7,025 82 88,56 6 42,15 251,74 | 293,62
Béng 3.12 Tinh dién tich va momen suon 17
bN Vi 2yi w 1 yi.d Yyi.d My,
DN 0 2,514 2,514 3,0168 0 0 0 0
DN 1 5,765 8,279 9,9348 1 5,765 5,765 8,3016
DN 2 6,392 20,436 | 24,523 2 12,784 | 24,314 | 35,012
DN 3 6,637 33,465 | 40,158 3 19,911 579 82,093
DN 4 7,025 47,127 | 56,552 4 28,1 105,02 | 151,23
DN 5 7,025 61,177 | 73,412 5 35,125 | 168,25 | 24227
DN TK | 7,025 62,582 | 75,098 5,1 35,828 | 175,34 244.8
DN 6 6,927 76,534 | 82,657 6 41,562 | 244,99 | 285,76
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Bang 3.13 Tinh dién tich va momen suon 18

DN Vi 2yi w 1 yi.d Yyi.d My,
bN 0 1,028 1,028 1,2336 0 0 0 0
PN 1 3,754 4,782 5,7384 1 3,754 3,754 5,4058
DN 2 4,553 13,089 15,707 2 9,106 16,614 | 23,924
DN 3 5,035 22,677 | 27,212 3 15,105 | 40,825 | 58,788
DN 4 5,42 33,132 | 39,758 4 21,68 77,61 111,76
DN 5 5,724 44,276 | 53,131 5 28,62 127,91 184,19

DN TK | 5,754 45,424 | 54,509 5,1 29,345 133,71 186,12
DN 6 6,031 57,209 | 61,786 6 36,186 192,68 | 224,75
Béang 3.14 Tinh dién tich va momen suon 19

bN Vi 2yi w 1 yi.d Yyi.d Mw
DN 0 0,474 0,474 0,5688 0 0 0 0
PN 1 1,8 2,274 2,7288 1 1,8 1,8 2,592
DN 2 2,08 6,154 7,3848 2 4,16 7,76 11,174
DN 3 2,243 10,477 12,572 3 6,729 18,649 | 26,855
DN 4 2,55 15,27 18,324 4 10,2 35,578 | 51,232
bN 5 3,263 21,083 25,3 5 16,315 | 62,093 89,414

PN TK 3,347 21,744 | 26,093 5,1 17,07 65,431 90,356
DN 6 4,114 29,205 | 31,541 6 24,684 103,01 120,15
Bang 3.15 Tinh dién tich va momen sudn 20

bN Vi 2yi W 1 yi.d Yyi.d Mw
bN 0 0 0 0 0 0 0 0
bN 1 0,885 0,885 1,062 1 0,885 0,885 1,2744
DN 2 1,018 2,788 3,3456 2 2,036 3,806 5,4806
DN 3 1,115 4,921 5,9052 3 3,345 9,187 13,229
DN 4 1,062 7,098 8,5176 4 4,248 16,78 24,163
DN 5 0 8,16 9,792 5 0 21,028 30,28

DN TK 0 8,16 9,792 5,1 0 21,028 | 30,583
DN 6 1,063 9,223 9,9608 6 6,378 26,768 | 31,222
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DUONG DIEN TICH: T§ 1& 8:1 mm /m? el
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Hinh 3.2 6 thi Bonjean

3.2. Tinh toan dac tinh thuy tinh
Dic tinh thity tinh cua tau 1a mot ndi dung co ban nhung rat quan trong trong thiét

ké va danh gia k¥ thuat tau thiy. Myc tiéu chinh cta qua trinh nay 13 x4c dinh cac thong
s6 lién quan dén kha ning noi, can bang va on dinh tinh cta tau khi nim yén trén mat
nudc phing, tir d6 danh gia mac do an toan va hidu qua hoat dong cta tau trong cac diéu
kién khai thac khac nhau. Ngoai ra trong thiét ké thuc té, phan tich dic tinh thuy tinh
con gitp xac dinh gidi han an toan khi xép d& hang hoa, danh gia anh hudng cua thay
d6i trong tai dén trang thai ndi, va kiém tra kha niang tau phuc hoi khi bi nghiéng do

ngoai lwc. Do d6, day 1a mot ndi dung vo cing quan trong, lién quan mat thiét dén cac
khia canh thiét ké, van hanh va khai thac tau thiy mét cach hi€u qua va an toan.
Viéc phan tich dic tinh thay tinh c6 thé duogc thuc hién theo phwong phap thi cong

bang cach chia than tau thanh cac mat cat duong nudc, sau do ap dung cac cong thirc
hinh hoc va tich phan dé tinh toan timg thong s0. Tuy nhién, hién nay phuong phap pho

bién va hiéu qua hon 1a sir dung cac phan mém chuyén dung nhu Maxsurf, Rhino két
hop Orca3D, Autoship, ... Trong bai do an cua em, em s€ vua thyc hién thu cong bang
cac cong thure dé tinh déc tinh thuy tinh, dong thoi st dung phan mén Maxsurf ver 20.02
V8i thuc hién tinh toan thuy tinh.
Céc dai lugng dic tinh thuy tinh dugc chia lam hai nhom
- Cac yéu té dudng nudc
~ Cac yéu t6 than tau

3.2.1. Cic yéu té dwong nwéc

Céc dai luong anh hudng bdi duong nudc nhu dién tich duong nude S, thé tich
chiém nudc V, hoanh d¢ tdm dién tich duong nudc X, momen quan tinh cua dién tich
dudng nude so voi truc ngang Iy, momen quan tinh cia dién tich duong nude so voi truc

doc Iy. Céc dai lu’orng. nay duogc néu trong [4] Trang 19 vdi cong thirc nhu sau
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Dién tich duong nudc S(z) theo cong thue (1.11) [4]:

b
S(z) =2.[ y.dx (3.5)
~ Thé tich chiém nudc V(z) theo cong thire (1.20) [4]:
V(z) = j S(z).dz (3.6)
0
- Hoanh d¢ tam duong nudc Xy trong Cong thire (1.13a) [4]:
b
2.| x.y.dx
_ MOy _ Z!
X, = SR (3.7)
2. j y.dx

- Momen quan tinh cta dién tich duong nudc so véi tryuc ngang Ix (1.16) [4]:
2¢ 4
I, —g.a[y dx (3.8)
- Momen quén tinh cta dién tich duong nudc so vai truc doc Iy (1.14) [4]:

b
I,= j 2.yx2dx (3.9)

- Momen quan tinh mat dudng nudc so voi truc O’y’ cach Oy mét doan Xr dugc

thé hién trong cong thirc (1.15) [4]:

b
I =1,-X/S=[2yx*dx-X;S (3.10)

Vige tinh toan cac dai lugng anh huong boi duong nude duoc thuce hién bang
phuong phap tich phan gan ding hinh thang nhu da gioi thiéu ¢ trén voi hinh minh hoa

cho phuong phép nay trong Hinh 3.3.

y4 c D 3
B T
\
|
A 777/
Ao.2 }
Y2 }
80 Z |
\
‘ >
O] Xo X1 X2 X2n—1 Xon X

Hinh 3.3 Sir dung phuong phap hinh thang tinh toan yéu t6 dudng nudc

Khi d6 cac dai lugng anh hudng yéu té dudng nude duoc tinh nhu sau:
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Thé tich chiém nudc:

Ad
V=—> S k 3.11
Sk (.11
- Dién tich duong nudce tai duong nudc thir 1 theo cong thirc (1.26) [4]:
S=ALx > (y,xk;) (m? (3.12)
- Momen tinh di¢n tich duong nudce so véi truc Ox:
M, = AL x Y (y; xk; xi) (m?) (3.13)
- Hoanh d¢ tam dién tich duong nudce Xy:
M
X =?y (m) (3.14)
- Momen quén tinh cta dién tich dudng nudc so voi truc ngang Iy:
I - % %3 k., (m) (3.15)
- Momen quén tinh cta dién tich duong nudc so véi truc doc Iy:
I, = ALY ki’ (m*) (3.16)

- Momen quan tinh mdt duong nudc so voi truc O’y’ cdch Oy mdt doan Xr:
Iley—XixS(m“) (3.17)
Két qua sau khi thuc hién tinh toan cho cac dudng nudc tai cac khoang suon 1a:

Bang 3.16 Céc yéu tb thuy tinh ctia dudng nudc 0 tinh theo phuong phap gan ding

Suon | i ki yiki 1 ki.yi.i yio yi’ki i yii?ki
0 0,00 1 0,00 -10 0,00 0,00 0,01 100 0,00
1 0,16 2 0,32 -9 -2,88 0,04 0,01 81 25,92
2 0,399 | 2 0,80 -8 -6,38 | 0,064 0,13 64 51,07
3 1,032 | 2 2,06 -7 -14,45 | 1,099 2,20 49 101,14
4 1,996 | 2 3,99 -6 -23,95 | 7,952 15,90 36 143,71
5 3,555 2 7,11 -5 -35,55 | 44,928 89,86 25 177,75
6 5,034 | 2 10,07 -4 -40,27 | 127,567 | 255,13 16 161,09
7 15806 2 | 11,61 -3 |-34,84 1 195,718 | 391,44 9 104,51
8 5,961 | 2 11,92 -2 -23,84 | 211,815 | 423,63 4 47,69
9 5,961 | 2 11,92 -1 -11,92 | 211,815 | 423,63 1 11,92
10 5,961 | 2 11,92 0 0,00 |211,815| 423,63 0 0,00
1T 5961 2 11,92 1 11,92 | 211,815 | 423,63 1 11,92
12 5961 | 2 11,92 2 23,84 | 211,815 | 423,63 4 47,69
13 5961 | 2 11,92 3 35,77 | 211,815 | 423,63 9 107,30
14 15961 | 2 11,92 4 47,69 211,815 | 423,63 16 190,75
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

15 15,652 2 11,30 5 56,52 | 180,554 | 361,11 25 282,60
16 14232 2 8,46 6 50,78 | 75,794 | 151,59 36 304,70
17 12514 2 5,03 7 35,20 | 15,889 | 31,78 49 246,37
18 1,028 2 2,06 8 16,45 | 1,086 2,17 64 131,58
19 10474 2 0,95 9 8,53 0,106 0,21 81 76,79
20 | 0,00 1 0,00 10 0,00 0,00 0,00 100 0,00
Téng 147,22 92,61 4266,94 2224,50
AL = 3,885
S = ALXYyixk; = 571,94
My = AL?xSxy;xixk; = 1397,81
xr=My/S = 2,44
I = (AL/3) xYyi3xki = 5525,69
Iy = AL? xYyixi?xk; = 130438,64
Ir=1, - Sxx¢£= 127022,41
Bang 3.17 Céc yéu t6 thuy tinh cia duong nudc 1 tinh theo phuong phap gan dung
Suon Yi ki yiki 1 ki.yi.i }’i3 yi3ki i2 yiizki
0 0,00 1 0,00 -10 0,00 0,00 0,00 100 0,00
1 0,742 | 2 1,48 -9 -13,36 | 0,41 0,82 81 120,20
2 (2,176 2 4,35 -8 -34,82 | 10,30 | 20,61 64 278,53
3 3,56 | 2 7,12 -7 -49,84 | 45,12 | 90,24 49 348,88
4 4,92 2 9,84 -6 -59,04 | 119,10 | 238,19 36 354,24
5 16,098 2 12,20 -5 -60,98 | 226,76 | 453,52 25 304,90
6 16733 2 13,47 -4 -53,86 | 305,23 | 610,46 16 215,46
7 16952 2 13,90 -3 -41,71 | 335,99 | 671,98 9 125,14
8 17,025 2 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
9 17,025 2 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 17,025 2 14,05 0 0,00 | 346,69 | 693,38 0 0,00
11 17,025 2 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 17,025 2 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 17,025 2 14,05 3 42,15 | 346,69 | 693,38 9 126,45
14 17,025 2 14,05 4 56,20 | 346,69 | 693,38 16 224,80
15 16974 | 2 13,95 5 69,74 | 339,19 | 678,38 25 348,70
16 6,664 | 2 13,33 6 79,97 | 295,94 | 591,88 36 479,81
17 57765 2 11,53 7 80,71 | 191,60 | 383,20 49 564,97
18 3,754 | 2 7,51 8 60,06 | 52,90 | 105,81 64 480,51
19 1,8 2 3,60 9 32,40 | 5,83 11,66 81 291,60
20 10,885 1 0,89 10 8,85 0,69 0,69 100 88,50
Tong 211,51 116,47 8711,07 4493,18
AL = 3,885
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S = ALx) yixk; = 821,72
My = AL?xSxy;xixk; = 1757,97
xr=My/S = 2,14
I = (AL/3) xYyi?xki = 11280,84
Iy = AL® xYyixi*xk; = 263467,64
[r=1y - Sxx¢= 259706,68
Bang 3.18 Cac yéu t6 ctia duong nudce 2 tinh theo phuong phap gan ding
Suon | i ki yiki i kiyii |y yi’ki i2 yii%ki
0 0,00 | 1 0,00 -10 0,00 | 0,00 0,00 100 0,00
1 1,046 | 2 2,09 -9 -18,83 | 1,14 2,29 81 169,45
2 13,043 ] 2 6,09 -8 -48,69 | 28,18 | 56,36 64 389,50
3 14715 2 9,43 -7 -66,01 | 104,82 | 209,64 49 462,07
4 593 | 2 | 11,86 -6 -71,16 | 208,53 | 417,06 36 426,96
5 16,712 2 | 13,42 -5 -67,12 1 302,38 | 604,76 25 335,60
6 6982 2 | 13,96 -4 -55,86 | 340,36 | 680,72 16 223,42
7 17,025 2 | 14,05 -3 -42,15 | 346,69 | 693,38 9 126,45
8 17,025 2 | 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
9 [7,025| 2 | 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 |7,025| 2 | 14,05 0 0 346,69 | 693,38 0 0,00
11 [7,025| 2 | 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 7,025 2 | 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 [7,025| 2 | 14,05 3 42,15 | 346,69 | 693,38 9 126,45
14 7,025 2 | 14,05 4 56,20 | 346,69 | 693,38 16 224,80
15 [7,025| 2 | 14,05 5 70,25 | 346,69 | 693,38 25 351,25
16 16961 | 2 | 13,92 6 83,53 | 337,30 | 674,60 36 501,19
17 16392 2 | 12,78 7 89,49 | 261,16 | 522,32 49 626,42
18 14,553 2 9,11 8 72,85 | 94,38 | 188,77 64 582,78
19 [ 208 ] 2 4,16 9 37,44 | 9,00 18 81 336,96
20 | 1,018] 1 1,02 10 10,18 | 1,05 1,05 100 | 101,80
Téng 224,30 92,28 9615,95 5125,61
AL = 3,885
S = ALX}yixk;i = 871,39
My = AL?xSxy;xixk; = 1392,74
xr=My/S = 1,60
Iy = (AL/3) xYyi3xki = 12452,66
Iy = AL® XY y;xi*xk; = 300551,43
Ir=1Iy - Sxx?= 298325,41
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Bang 3.19 Cac yéu t6 ctia dudng nudce 3 tinh theo phuong phap gan dung

Suodn Vi k; yiki 1 ki.yi.i yi® yiki i? yiiZki
0 0 1 0,00 -10 0,00 0,00 0,00 100 0,00
1 1,56 | 2 3,12 -9 -28,08 | 3,80 7,59 81 252,72
2 3919 | 2 7,84 -8 -62,70 | 60,19 120,38 64 501,63
3 5,565 | 2 | 11,13 -7 -77,91 |1 172,34 | 344,69 49 545,37
4 6,538 | 2 | 13,08 -6 -78,46 | 279,47 | 558,94 36 470,74
5 6,915| 2 | 13,83 -5 -69,15 | 330,66 | 661,31 25 345,75
6 7,025 | 2 | 14,05 -4 -56,20 | 346,69 | 693,38 16 224,80
7 7,025 | 2 | 14,05 -3 -42,15 | 346,69 | 693,38 9 126,45
8 7,025 | 2 | 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
9 7,025 | 2 | 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 [7,025] 2 | 14,05 0 0,00 | 346,69 | 693,38 0 0,00
11 |7,025| 2 | 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 |17,025| 2 | 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 |7,025| 2 | 14,05 3 42,15 | 346,69 | 693,38 9 126,45
14 |7,025| 2 | 14,05 4 56,20 | 346,69 | 693,38 16 224,80
15 |7,025| 2 | 14,05 5 70,25 | 346,69 | 693,38 25 351,25
16 (6994 | 2 | 13,99 6 83,93 | 342,12 | 684,24 36 503,57
17 16,637 | 2 | 13,27 7 92,92 |1 292,36 | 584,72 49 650,43
18 |5,035| 2 | 10,07 8 80,56 | 127,64 | 255,29 64 644,48
19 (2243 | 2 4,49 9 40,37 | 11,28 22,57 81 363,37
20 | 1,115 ] 1 1,12 10 11,15 | 1,39 1,39 100 | 111,50
Téng 232,43 62,88 10174,87 5583,80
AL = 3,885
S = ALx}yixk; = 902,98
My = AL?*xSxyixixk; = 949,06
xf=My/S = 1,05
Ix = (AL/3) xYyi*xk; = 13176,46
Iy = AL? xYyixi?xki = 327418,16
Ir=1y - Sxx¢#= 326420,67
Bang 3.20 Céc yéu tb ctia dudng nude 4 tinh theo phuong phap gan ding
Suon Yi ki yiki 1 ki Yi. 1 Yi3 yi3ki i2 Yi i’ki
0 0 1 0,00 -10 0,00 0,00 0,00 100 0,00
1 2,582 | 2 5,16 -9 -46,48 | 17,21 34,43 81 418,28
2 4821 | 2 9,64 -8 -77,14 | 112,05 | 224,10 64 617,09
3 6,171 | 2 | 12,34 -7 -86,39 | 235,00 | 470,00 49 604,76
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4 6856 2 | 1371 | -6 |-82,2732226| 644,53 | 36 | 493,63
5 17,002| 2 | 1400 | -5 |-70,02|343,29| 686,59 | 25 | 350,10
6 |7025] 2 | 1405 | -4 |-5620|346,69| 693,38 | 16 | 224,80
7 17025] 2 | 1405 | -3 |-42,15|346,69| 69338 | 9 | 12645
8 |7,025| 2 | 1405 | -2 |-28,10|346,69| 69338 | 4 | 5620
9 7,025 2 | 1405 | -1 |-14,05]346,69| 69338 | 1 | 14,05
10 |7,025| 2 | 14,05 0 0,00 | 346,69 | 693,38 | 0 | 0,00
11 |7,025| 2 | 14,05 1 14,05 | 346,69 | 69338 | 1 | 14,05
12 |7,025| 2 | 14,05 2 | 2810 |346,69 | 69338 | 4 | 5620
13 |7,025| 2 | 14,05 3 | 42,15 346,69 | 69338 | 9 | 126,45
14 |7,025| 2 | 1405 | 4 | 56,20 |346,69| 693,38 | 16 | 224,80
15 |7,025| 2 | 14,05 5 | 7025 346,69 | 69338 | 25 | 351,25
16 |7,025| 2 | 14,05 6 | 84,30 | 346,69 | 69338 | 36 | 505,80
17 16,758 | 2 | 1352 | 7 | 94,61 |308,64| 617,28 | 49 | 662,28
18 | 542 | 2 | 1084 | 8 |8672|15922| 31844 | 64 | 693,76
19 255 |2 510 9 14590 | 16,58 | 33,16 | 81 | 413,10
20 1,062 1 | 106 10 | 10,62 | 1,20 | 1,20 | 100 | 106,20
Tong 239,93 30,10 10656,87 6059,26
AL = 3,885
S = ALXYyixk; = 932,14
My = AL*xSxy;ixixk; = 454,37
xr=M,/S = 0,49
Ix = (AL/3) xYyi*xki = 13800,64
Iy = AL® xyyixi*xki = 355297,68
Ir=1Iy - Sxx¢= 355076,20

Bang 3.21 Céc yéu tb ciia dudng nude 5 tinh theo phuong phap gan ding

Suon | yi ki yiki i ki.yi.i yi® yi’ki i2 yii%ki
0 2,018 | 1 2,02 -10 -20,18 | 8,22 8,22 100 | 201,80
1 4,092 | 2 8,18 -9 -73,66 | 68,52 137,04 81 662,90
2 5,643 | 2 11,29 -8 -90,29 | 179,69 | 359,39 64 722,30
3 6,601 | 2 13,20 -7 -92.41 | 287,63 | 575,25 49 646,90
4 6973 | 2 13,95 -6 -83,68 | 339,05 | 678,09 36 502,06
5 7,018 | 2 14,04 -5 -70,18 | 345,65 | 691,31 25 350,90
6 7,025 | 2 14,05 -4 -56,20 | 346,69 | 693,38 16 224,80
7 7,025 | 2 14,05 -3 -42,15 | 346,69 | 693,38 9 126,45
8 7,025 | 2 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
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9 7,025 2 | 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 [7,025] 2 | 14,05 0 0,00 |346,69 | 693,38 0 0,00
11 7,025 2 | 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 17,025| 2 | 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 17,025| 2 | 14,05 3 42,15 | 346,69 | 693,38 9 | 126,45
14 |7,025| 2 | 14,05 4 56,20 | 346,69 | 69338 | 16 | 224,80
15 7,025| 2 | 14,05 5 70,25 | 346,69 | 69338 | 25 | 351,25
16 |7,025| 2 | 14,05 6 84,30 | 346,69 | 693,38 | 36 | 505,80
17 16,842 | 2 | 13,68 7 95,79 | 320,29 | 640,59 | 49 | 670,52
18 [5,724| 2 | 11,45 8 91,58 | 187,54 | 375,08 | 64 | 732,67
19 3,263 2 | 6,53 9 58,73 | 34,74 | 69,48 81 | 528,61
20 | 0,00 | 1 | 0,00 10 0,00 | 0,00 0,00 100 | 0,00
Téng 248,88 -29,74 11161,59 6718,71

AL = 3,885

S = ALxYyixk; = 966,90

My = AL?>xSxy;xixk; = -448,84

xr=My/S = -0,46

Iy = (AL/3) xYyi*xki = 1445425

Iy = AL® xYyixi>xk; = 393965,97

Ir=1y - Sxx@= 393757,61

Bang 3.22 Céc yéu tb ciia duong nudc thiét ké tinh theo phuong phap gan dung

Suon Yi ki yiki 1 ki.yi.i yi3 yi3ki i yiizki
0 (2248 1 2,25 -10 -22,48 | 11,36 11,36 100 | 224,80
1 4,245 | 2 8,49 -9 -76,41 | 76,50 | 152,99 81 687,69
2 |5717] 2 | 11,43 -8 -91,47 | 186,85 | 373,71 64 | 731,78
3 6,633 | 2 | 13,27 -7 -92,86 | 291,83 | 583,66 49 | 650,03
4 16979 2 | 13,96 -6 -83,751339,92 | 679,84 36 | 502,49
5 17,018] 2 | 14,04 -5 -70,18 | 345,65 | 691,31 25 | 350,90
6 [7,025] 2 | 14,05 -4 -56,20 | 346,69 | 693,38 16 | 224,80
7 [7,025] 2 | 14,05 -3 -42,15 | 346,69 | 693,38 9 126,45
8 17,025] 2 | 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
9 [7,025] 2 | 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 [7,025] 2 | 14,05 0 0,00 | 346,69 | 693,38 0 0,00
11 |7,025] 2 | 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 |7,025| 2 | 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 |7,025| 2 | 14,05 3 42,15 | 346,69 | 693,38 9 126,45
14 [7,025] 2 | 14,05 4 56,20 | 346,69 | 693,38 16 | 224,80
15 [7,025] 2 | 14,05 5 70,25 | 346,69 | 693,38 25 | 351,25
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16 |7,025| 2 | 14,05 6 84,30 | 346,69 | 693,38 36 | 505,80
17 ] 6,85 | 2 | 13,70 7 95,90 | 321,42 | 642,84 49 | 671,30
18 5754 | 2 | 11,51 8 92,06 | 190,51 | 381,01 64 | 736,51
19 [3347] 2 | 6,69 9 60,25 | 37,49 74,99 81 542,21
20 1 0,00 | 1 0,00 10 0,00 | 0,00 0,00 100 0,00
Téng 249,88 -34,39 11218,85 6797,76
AL = 3,885
S = ALXYyixk; = 970,80
My = AL?xSxy;xixk; = -519,09
xr=M,/S = -0,53
Iy = (AL/3) xYyi*xki = 14528,41
Iy = AL® XY yixi*xk; = 398601,71
Ir=1Iy - Sxx¢= 398324,15
Bang 3.23 Céc yéu tb ciia dudng nudce 6 tinh theo phuong phap gan diing
Suon Yi ki yiki 1 ki.yi.i }’i3 yi3ki i? yiizki
0 [3,043] 1 3,04 -10 -30,43 | 28,18 28,18 100 | 304,30
1 4,01 | 2 8,02 -9 -72,18 | 64,48 | 128,96 81 649,62
2 15377 2 | 10,75 -8 -86,03 | 155,46 | 310,92 64 | 688,26
3 16282 2 | 12,56 -7 -87,95 1 247,91 | 495,82 49 | 615,64
4 6,84 | 2 | 13,68 -6 -82,08 | 320,01 | 640,03 36 | 492,48
5 [7,025] 2 | 14,05 -5 -70,25 | 346,69 | 693,38 25 | 351,25
6 [7,025] 2 | 14,05 -4 -56,20 | 346,69 | 693,38 16 | 224,80
7 [7,025] 2 | 14,05 -3 -42,15 | 346,69 | 693,38 9 126,45
8 17,025] 2 | 14,05 -2 -28,10 | 346,69 | 693,38 4 56,20
9 [7,025] 2 | 14,05 -1 -14,05 | 346,69 | 693,38 1 14,05
10 |7,025] 2 | 14,05 0 0,00 | 346,69 | 693,38 0 0,00
11 ]17,025] 2 | 14,05 1 14,05 | 346,69 | 693,38 1 14,05
12 17,025] 2 | 14,05 2 28,10 | 346,69 | 693,38 4 56,20
13 |7,025] 2 | 14,05 3 42,15 | 346,69 | 693,38 9 126,45
14 17,025] 2 | 14,05 4 56,20 | 346,69 | 693,38 16 | 224,80
15 |7,025] 2 | 14,05 5 70,25 | 346,69 | 693,38 25 | 351,25
16 |7,025] 2 | 14,05 6 84,30 | 346,69 | 693,38 36 | 505,80
17 16927 | 2 | 13,85 7 96,98 | 332,38 | 664,76 49 | 678,85
18 16,031 | 2 | 12,06 8 96,50 | 219,37 | 438,73 64 | 771,97
19 14,114 2 8,23 9 74,05 | 69,63 | 139,26 81 666,47
20 1,063 | 1 1,06 10 10,63 | 1,20 1,20 100 | 106,30
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Téng 251,87 3,79 11168,37 7025,17
AL = 3,885
S = ALXYyixk; = 978,51
My = AL?xSxy;xixkj = 57,14
Xr=My/S = 0,06
= (AL/3) xYyi*xki = 14463,05
Iy = AL? XY yixi?xk; = 411936,39
Ir=1y - Sxx¢#= 411933,05

3.2.2. Cic yéu té thin tau

Céc yéu to thuy luc than tau bao gdm hoanh d6 tdm noi X, chléu cao tdm ndi Zgp
(KB), ban kinh tam nghiéng ro (BM), ban kinh tam chui Ro, cac h¢ 5O béo (Cs, Cw, Cw,
chleu cao tam nghiéng (KM), chiéu cao tam chii theo phuong doc Zw, khéi luogng s6

tan trén 1 cm chiéu chim TPC, Momen chui trén 1 cm chiéu chim MTC. Cac dai luong
nay dugc biéu dién dudi cac cong thire sau:

~ Hoanh d6 tdm ndi Xp(z) theo cong thire (1.39) Trang 26 [4]:

L
M. (2) J.S.Xf.dz
Xy(z) =——=1- (3.18)
V) IS.dZ
0
~ Chiéu cao tdm ndi Zp(z) theo cong thirc (1.38) Trang 26 [4]:
M. (2) j.S.Z.dZ
Zy(2)=—"—=" (3.19)
V(@) jS.d
0
- Baén kinh tam chui Ro(z):
R, = I—f (3.20)
\
- Baén kinh tam nghiéng ro(z):
= I—X (3.21)
v
~ Chiéu cao tAim nghiéng:
Zm: Im =10 +7ZB (3.22)
~ Chiéu cao tdm chui Zmr:
ZmL=Ro+Zs (3.23)
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— Khébi luong s6 tan trén 1cm chiéu chim TPC:

1.
TPC=— 24
100 (3.29)

- Momen chui trén 1¢m chiéu chim MTC:

I
MTC =y.— 3.25
! 100.L (3:25)
7 Ap dung phuong phap tich phan gan ding cho hoanh d6 tim ndi va chiéu cao tam
noi ta duoc:

- Hoanh d6 tam noi:

S. X, k.
Xp(z): Xg = 25 Xaki (3.26)

D Sk,

— Chiéu cao tam nbi Zs(2):
S.ik.
Z, = Ad.L 3.27
A (3.27)
Trong do:
+ Ad la khoang céch gitra 2 duong nudce tinh toan (m)
+ Si: Dién tich dudng nude cua tau tai duong nudc i. (m?)
+ ki: Hé s6 khi tinh toan bang phuong phap hinh thang
+ Xg: Hoanh @6 tam duong nudce i. (m)
+ 1: Th ty dudng nudce cua tau

Két qua tinh toan thuy tinh cac yéu td than tau duoc thé hién trong Bang 3.24
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Béang 3.24 Pac tinh thuy luc cua tau

Dai lwong can

STT tinh Pon vi | Cong thirc Gia tri ng vdi cac duwong nudc
i Thu tu fiuc‘rng ; 0 1 2 3 4 5 5,1 6
nuwoc

) Kl}oang‘cach gitra m Ad 12 12 1,2 1,2 1,2 1,2 1,2 1,2

cac duong nudc
3 Chiéu chim d m di=ixAd 0,00 1,20 2,40 3,60 4,80 6,00 6,12 7,20
4 | Dién ﬁf&fuang m? S: 57104 | 8217 | 8714 | 9030 | 9321 | 9669 | 9708 | 9785
5 Y'Si YSi 0,00 1393,7 | 3086,8 | 4861,1 | 6696,3 | 85953 | 8789,1 | 105434
6 The ﬁfr%?gém m® | ¥SiAdR2 0,00 836,2 | 1852,1 | 2916,7 | 4017,8 | 51572 | 52734 | 6326,1
7 | Momen tinh My M, 1397,81 | 1758,0 | 1392,7 | 949,1 4544 | 4488 | -519,1 57,1
g | Hoanhdotitdién \ x=My/S 2,44 2,1 1,6 1,1 0,5 0,464 | -0,5347 0,1

duodng nudc x¢
9 Tich x.S; Xt.Si 1397,81 | 1758,0 | 1392,7 | 949,1 4544 | 4488 | -519,1 57,1
10 Téng x¢.Si Yxr.Si 1397,81 | 31558 | 6306,5 | 8648,3 | 10051,7 | 10057,2 | 9960 | 95447
1 Hoanh (16 tam noi m (10)/(5) i 2.3 2,0 1,8 1,5 1,2 1,133 0,9
B

12 Tich i.Si (1).(4) 0,00 821,7 | 1742,8 | 2708,9 | 3728,5 | 48345 | 4951,1 | 5871,0
13 Ti.S; Y (12) 0,00 821,7 | 33862 | 7837,9 | 142754 | 22838,5 | 23817,0 | 33556,9
14 | Cao do tam ndi Zs Ad.(13)/(5) - 0,7 1,3 1,9 2,6 3,2 3,2 3,8
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Tung d¢ suon gitra

/ 5,961 7.025 7.025 7.025 7.025 7.025 7.025 7,025
15 (16‘11 nhét) le ) ) D ) s 9 ’ 9
16 Sy10 Y (15) 5,96 13,0 27,0 41,1 55,1 69,2 70,6 83,2
17 Dién ;%};suon AdxTy1o 7.15 15,6 32,4 49,3 66,2 83,0 84,7 99,9
18 Chiéu dai Lwi m Lui 73,862 | 78.527 | 79,27 79,56 | 80,741 80.8 80,92 81,23
19 Hé 6 béo Ci Cwmi ; 0,924 0,962 0,975 0,981 0,985 0,985 0,987
20 Hé s6 béo Cwi Cwi 0,65 0,74 0,78 0,81 082 | 085171 | 0,8539 0,86
21 Hé s6 béo Cp; Ca ; 0,63 0,69 0,72 0,74 0,76 0,76 0,77
9y | Momen Iqu""n tinh | L 5525,69 | 11280,8 | 12452,7 | 13176,5 | 13800,6 | 144543 | 145284 | 14463.,0
53 | Bankinhtim m . ] 13,5 6.7 45 3.4 2.8 2.8 23

nghiéng
24 Momenlquan tinh | I, 130438,64 | 263467,6 | 300551,4 | 327418,2 | 355297,7 | 393966,0 | 398601,7 | 411936,4
Yy
25 | Momen Iquan tinh | . It 127022.41 | 259706,7 | 298325.4 | 326420,7 | 355076,2 | 393757.6 | 398324.2 | 411933,0
f
26 | Ban kin}i{t"im chii | R ] 310,6 | 161.1 111,9 88.4 76,4 75.5 65.1
27 | Luong ChAiém nuee | gy A 0,00 857,1 | 18984 | 2989,6 | 41182 | 5286,1 | 54053 | 64842
pg | Luong chiémnuée |, TPC 5,86 8,4 8,0 9,3 9,6 9,9 10,0 10,0
trén cm chiéu chim

g9 | Momenchuiteén | .\ a0 18,10 34,4 38,9 42,2 45,1 50,0 50,5 52,0

cm chiéu chim
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3.2.3. Sir dung phan mén Maxsurf tinh dic tinh thuy tinh

Hién nay c6 rat nhiéu cong cu hd tro cho viéce tinh toan, mo phong vé chuyén dong
cling nhu tinh toan sy on dinh cia tau, gitp ching ta khong mat qua nhiéu thoi gian
trong viéc tinh toan. Trong dd an tot nghiép Capstone Project cua em, em dé su dung

phan mén Maxsurf version 20 V8i dé tinh toan 6n dinh ban dau cia tau.

Bang 3.25 Két qua tinh toan dic tinh thuy tinh bang phan mén Maxsurf

nuoc)

Draft Amidships m
. o 0,000 | 1,200 | 2,400 | 3,600 | 4,800 | 6,000 | 6,120
(Chiéu chim tai gitra tau)
Displacement t
., 4,188 | 863,5 | 1872 | 2933 | 4036 | 5175 | 5291
(Luong chiém nudce)
Draft at FP m
. 0,000 | 1,200 | 2,400 | 3,600 | 4,800 | 6,000 | 6,120
(Chi€u chim tai miii tau)
Draft at AP m
. 0,000 | 1,200 | 2,400 | 3,600 | 4,800 | 6,000 | 6,120
(Chi€u chim tai dubi tau)
WL Length m
_‘ . 68,634 |76,557| 77,87 |78,529|78,994 77,718 77,699
(Chi€u dai duong nudc)
Beam max extents on WL m
A . 10,631 [13,983114,049(14,074|14,078 14,066 (14,068
(Chiéu rong 16n nhat)
Wetted Area m?
. 219,1 | 860,4 [1061,7|1256,6|1454,311663,2|1684,1
(Dién tich mat udt)
Waterpl. Area m?
. 218,8 | 786,6 | 845,0 | 880,1 | 912,5 | 941,8 | 946,0
(Dién tich duong nudc)
Prismatic coeff. (Cp)
Lo 0,118 | 0,69 | 0,715 0,734 | 0,75 | 0,779 | 0,781
(H¢ so0 day lang tru)
Block coeff. (Cg)
. . 0,038 | 0,584 | 0,655 | 0,691 | 0,716 | 0,751 | 0,753
(He so béo thé tich)
Max Sect. area coeff. (Cwm)
(Hé sb béo tiét dién ngang| 0,539 | 0,951 | 0,973 | 0,982 | 0,986 | 0,989 | 0,989
16n nhat)
Waterpl. area coeff. (Cwp)
(Hé sb dién tich mat duong| 0,3 0,735 | 0,772 | 0,796 | 0,821 | 0,862 | 0,865
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

%CB from zero pt. (*vel 1590 | 367 | 340 [3.113| 2.80 | 238 | 233
wd) m
LCFfrom zeropt Cve WOl 0136 | 3,488 | 2,886 | 2,329 | 1,557 | 0,086 |-0.049
KB m 20,042 | 0,631 | 1,265 | 1,894 | 2,525 | 3,158 | 3,222
KG m 47 | 47 | 47 | 47 | 47 | 47 | a7
BMt m 359.097|12,325| 6,487 | 4.411 | 3.375 | 2,749 | 2,702
BML m 133750 281,6 | 1521 | 107.4 | 859 | 72.9 | 722
GMt m 354,355| 8256 | 3,051 | 1,605 | 1.2 | 1,207 | 1,204
GML m 13370,3| 277.6 | 148.6 | 104.6 | 837 | 713 | 70.7
KMt m 359,055|12,956| 7,751 | 6,305 | 5.9 |5.907 | 5.924
KML m 13375,0| 282.3 | 1533 | 1093 | 884 | 76,0 | 75.4
Immersion (TPc) tonne/cm
(Trong tai trén m3i cm chidu| 2,242 | 8,062 | 8,662 | 9,021 | 9,353 | 9,654 | 9,697
chim)
MTc tonne.m

_ N 7207 |30,845|35.808|39,478 |43.479 47,513 | 48,168
(Momen chui trén moi cm)

3.2.4. So sdnh két qud tinh todn thii cong va phian mém Maxsurf

Pé thuan loi cho viée so sanh va dam bao sy tin ciy ciia phan mém, két qua tinh
toan bang phan mém Maxsurf dugc so sdnh vdi két qua tinh todn bang phuong phap thu
cong tai duong nudc thiet ké (d = 6,12m).

Bang 3.26 So sanh gia tri tinh toan thil cong va phan mém Maxsurf

Dai luong Thu cong Maxsurf Sai s6

Luong chiém nudc 5405,3 5291 2,11%

Dién tich duong nudc 970,8 946,0 2,55%

Cao do tAm noi 3,2 3,22 0,63%

Ban kinh tim nghiéng 2,8 2,702 3,50%

Ban kinh tam chui 75,5 72,21 4,36%
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Luong chiém nuée trén 1 cm chiéu chim 10,0 9,697 3,03%
Hé s6 béo Ci 0,985 0,989 0,41%
Heé s6 béo Cwi 0,8539 0,865 1,30%
Heé sb béo Chi 0,760 0,753 0,92%

Tu Bang so sanh trén cho thay két qua thu duogc tir phan mém Maxsurf va tinh todn
thu cong c6 sai sd ndm trong pham vi cho phép (<5%). Vay nén két qua tinh toan tir
phan mém Maxsurf c6 do tin cdy cao va cé thé sir dung duoc trong tinh toan thuy tinh.

3.3. Tinh toan 6n dinh nguyén ven

Trong qua trinh hoat dong cla tau trén bién ciing nhu khi neo dau ¢ cang dé boc
dd hang hoa viéc tinh toan on dinh rét quan trong, né anh huéng dén hiéu suét lam viéc
va do an toan vé tinh mang va tai san. Viéc tinh toan 6n dinh nguyén ven s& xét dén cac
truong hop tai trong va duy trir ndi khac nhau cta tau. Trong cac truong hop nay tau s&
dugc gia dinh nghiéng cac goc tir 0 dén 90° dé xac dinh canh tay don on dinh, tir d6
danh gia dugc kha nang phuc hoi ciia con tau.

Theo quy pham 6n dinh thi tau duoc kiém tra cho cac truong hop sau:
- Truong hop 1: Tau c6 100% hang va c6 100% duy tri.
- Truong hop 2: Tau c6 0% hang va c6 100% du trix
- Truong hop 3: Tau c6 100% hang va c6 10% duy trir.
- Truong hop 4: Tau c6 0% hang va c6 10% du trir.

Trong bai dd 4n tot nghiép Capstone Project ctia em s& thyc hién tinh tha cong cho
truong hop 2 va cac truong hop con lai s€ dugc thuc hién bang phan mém Maxsurf.

Céc budc tinh thii cong cho tinh 6n dinh tau:
- Buéc 1: Dyng suon Tchebyshev cho tau thong qua cac hé sb Tchebyshev

- Buéc 2: Xay dung dd thi Pantokaren hodc Cross curves bang phuong phap
Krylov — Dargniers. Xac dinh canh tay don 6n dinh hinh dang cho moi trang thai
nghiéng tau tr 0° dén 90°.

- Budc 3: Xay dung d6 thi 6n dinh ngang, kiém tra diéu kién 6n dinh cho két qua
thu duoc.

3.3.1. Dung swon Tchebyshev

Suon Tchebyshev duoc xay dung bang cach chia tau thanh 9 khoang sudn theo
chiéu dai vdi h¢ so Tchebyshev vai cac vi tri suon dugc thé hién trong Bang 3.36.

Hoanh d¢ vi tri suon Tchebyshev:

X, =K, x% (3.28)

Trong d6: K; 12 hé s6 Tchebyshev, L 13 chiéu dai thiét ké cua tau (L = 77,7m)
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Bang 3.27 V1 tri suon Tchebyshev

Suon| ki | Xi(m)
4 [-09116 | -35.416
3 [-0.6010 | -23.349
2 [-0.5288 | -20.544
1 |-0.1679 | -6.523
0 | 0.0000 | 0.000
1 |0.1679 | 6.523
2 | 0.5288 | 20.544
3

4

0.6010 | 23.349
0.9116 | 35.416

Chiéu cao d cong ngang boong tai cac mat cit ngang suon Tchebyshev dugc tinh
nhu sau va thé hién & Bang 3.27:
B.
=—1i 3.29
50 (3.29)
Bi 14 chiéu rong 16n nhét cta suon Tchebychev thi i

Bang 3.28 Do cao ngang boong cua suon Tchebyshev

Suon | Bi h
-4 |1 11620 | 232,400
-3 | 13904 | 278,080
-2 | 14050 | 281,000
-1 | 14050 | 281,000
14050 | 281,000
14050 | 281,000
14050 | 281,000
14050 | 281,000
11636 | 232,720

A WIND|=|O

Dua vao bang v& tuyén hinh di c6, dung cac mit cit ngang tuong Gmg voi cac vi
tri swon Tchebyshev ta thu dugc Hinh 3.4. Quy udc tir suon -4 dén suon 0 dugc vé bang
nét dat cac suon con lai dugc veé bang nét lién.
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Hinh 3.4 Mit cit ngang suon Tchebyshev
3.3.2. Xdy dung do thi Pantokaren

Sau khi tao cac mit cit ngang suon Tchebyshev ta tién hanh dung cac duong nude
twong duong nghiéng tir 0° dén 90°. Cach xdy dung cac duong nudc nay dugc néu lén
trong tai licu [4] trang 49 va tai li¢u [8] trang 350 c6 thé dugc tom tat nhu sau:

- Buéc 1: Tai cic mit cit ngang suon Tchebyshev vé& duong nudc WOs (g6c
nghiéng 0 va chi€u chim la di)

- Budc 2: Do cac khoang cach a va b vdi a va b 1a khoang céach tir tam duong nude
dén hai bén man tau duoc minh hoa trong Hinh 3.5 bén canh d6 con c6 cac truong
hop tdm dudng nude s& ndm ngoai mit cit ngang ciia sudn s& duge ap dung nhu
Hinh 2.18 [4] Trang 51.

L - —

Hinh 3.5 D¢ dai a va b trén dudong nudc
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

- Budc 3: Dung duong nudc tuong duong WL’ cua goc nghiéng 6. Puong nudce
tuong duong nay dugc cach duong nudc tai goc nghiéng 6 mot khoang € va tam
dudong nudc maoi s€ dugce dat cach tam duong nude cti mot khoang cach la n.

Hinh 3.6 Puong nudc tuong duwong WL’g
- Budc 4: Sir dung duong nude twong duong WL’g tao dudng nudc WLe e bang
cach xoay dudng nudc WL’ mot goc A0 va sir dung duong nude ndy tiép tuc do
khoang cach a va b nhu & Budc 2.

|
Hinh 3.7 Buong nudc WLo+xo
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

- Tiép tuc thuc hién 1ap lai cac bude tir 2 dén 4 va tinh cac goc O tr 0 dén 90°.

trén, L 1a chiéu dai thiét ké cua tau (m), n 14 s6 sudn Tchebyshev (n = 9).

SVTH:

Céc dai luong can tinh toan trong tinh 6n dinh tau thuy va trong viéc xay dung do
thi Patokaren bao gom cac cong thirc sau, vdi a va b dugce do trong Bude 2 duge néu &

Khoang cach tir tim dudng nudec WLe dén truc doc qua S:

Momen quan tinh dudng nudc so véi truc doc qua O:

JO

1 L N 3 s
—><—+(Za +Zb)
3 n n=1 n=1

Momen quan tinh so vdi truc doc qua tdm dudong nudc:

Bén kinh tam nghiéng tinh cho trang thai dang xét: R = J

Khoang cach duong nudc twong duong: ¢ = %nA(p theo Cong thtrc (6.12) [8].

J=1Jo—axn?

(3.30)

(3.31)

(3.32)
(3.33)

Theo truong hop 1: Tau c6 100% hang va ¢6 100% du trit va thanh phan khoi
lugng trong trudng hop nay dugc the hién trong bang sau:

Bang 3.29 Gi4 tri khdi lugng trang thai tau

STT Tén thanh phan Ky hiéu | Giatri | Pon vi
1 | Khdi luong Tau Wy 5205 T
2 | Chiéu chim 6,12 m
3 | Thé tich chiém nuéc \Y% 5170 T
4 | Cao d6 trong tam ZG 4,7 T
5 | Cao d6 tam noi Zs 4,55 T

Béng 3.30 Tinh toan suon Tchebyshev cho goc nghiéng 6 = 10°

Suon b(m) | b>2(m? | b3@md) a(m) a’(m?) a’(m®)

-4 3,311 10,963 36,298 5,023 25,231 126,733

-3 6,954 48,358 | 336,282 7,059 49,829 | 351,746
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

2 7.104 | 50,467 | 358516 | 7.133 | 50,880 | 362,925
-1 7134 | 50,894 | 363,077 | 7.134 | 50,894 | 363,077
0 7134 | 50,894 | 363,077 | 7.134 | 50,894 | 363,077
1 7134 | 50,894 | 363,077 | 7.134 | 50,894 | 363,077
2 7134 | 50,894 | 363,077 | 7.134 | 50,894 | 363,077
3 7115 | 50,623 | 360,184 | 7.134 | 50,894 | 363,077
4 2,726 | 7.431 | 20257 | 3,561 12,681 | 45,156

Téng 55,746 | 371,418 | 2563,847 | 58,446 | 393,000 |2701,948

9 9
D> a->b 114,192 m
n=l1 n=l1
9 9
)Y a* - b’ 21,672 m?
n=1 n=1
9 9
3.+ 5265.795 m*
n=1 n=1
1 (2
Hn=—x—=
(4)n 20 0,095 m
1 L
(5)J, :§X;+(3) 15153,788 m*
L
(6)axn® = ;x(l)x(4)2 8,878
(7)J =(5)-(6) 15144910
7
R= (—V) 2,929 m

Béng 3.31 Tinh toan suon Tchebyshev cho goc nghiéng 6 = 20°

Suon b(m) b?2(m? | b*(m® | a(m) | a’(m?) | a’(md)
-4 2,932 8,597 25,205 5,961 35,534 | 211,815
-3 7,092 50,296 | 356,703 | 6,880 | 47,334 | 325,661
-2 7,394 54,671 | 404,239 | 6,888 | 47,445 | 326,798
-1 7,577 57,411 | 435,003 | 6,893 | 47,513 | 327,510
0 7,577 57,411 | 435,003 | 6,893 | 47,513 | 327,510
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

1 7,577 57,411 | 435,003 | 6,893 | 47,513 | 327,510
2 7,577 57,411 | 435,003 | 6,893 | 47,513 | 327,510
3 7,543 56,897 | 429,173 | 6,893 | 47,513 | 327,510
4 2,701 7,295 19,705 4874 | 23,756 | 115,786
Téng 57,970 | 407,400 | 2975,035 | 59,068 | 391,636 | 2617,611
(l)ia—ib 117,038 m
5
)Y a* =) b -15,765 m2
R
BN EDW 5592,646 mé
=
(4)n = %X% -0,067 m
(5, = 3%+ 16094,393 md
(6)axn® = §><(1)><(4)2 4,583
(7)J =(5)-(6) 16089,810
R= % 3.112 m
Béang 3.32 Tinh toan sudn Tchebyshev cho goc nghiéng 6 = 30°
Swon b(m) | b*(m?» | b*(m? | a(m) a’(m?) a’(m?)
-4 2,627 6,901 18,129 5,895 34,751 204,857
-3 7,015 49,210 | 345,210 | 5,008 25,080 125,601
-2 7,554 57,063 | 431,053 5,013 25,130 125,978
-1 8,147 66,374 | 540,746 | 5,023 25,231 126,733
0 8,147 66,374 | 540,746 | 5,023 25,231 126,733
1 8,147 66,374 | 540,746 | 5,023 25,231 126,733
2 8,154 66,488 | 542,141 5,023 25,231 126,733
3 8,012 64,192 | 514,307 | 5,023 25,231 126,733
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4 2,658 7,065 18,779 6,506 42,328 275,386
Té)ng 60,461 | 450,040 | 3491,85 | 47,537 | 253,442 | 1365,487
9 9
(I)Za_zb 107,998 m
n=1 n=l1
9 9
(2) A-3p -196,598 m?>
9 9
3) S+3D 4857,343 m*
1 (2
p=—x--~2 -0,910
(Hn 27 m
1 L
5)J, =§X_+(3) 13978,355 m*
n
(6)axn’ =£><(l)><(4)2 772,433
n
(7)J =(5)—(6) 13205,922
R = % 2,554 m

Béang 3.33 Tinh toan sudn Tchebyshev cho goc nghiéng 6 = 40°

Swon b(m) b? (m?) | b?*(m?d) a(m) a’(m?) | a’(m?)
-4 1,672 2,796 4,674 5,386 29,009 | 156,242
-3 6,117 37,418 | 228,884 4,613 21,280 | 98,164
-2 6,729 45,279 | 304,685 4,638 21,511 99,768
-1 7,985 63,760 | 509,125 4,611 21,261 98,036
0 7,985 63,760 | 509,125 4,611 21,261 98,036
1 7,985 63,760 | 509,125 4,611 21,261 98,036
2 7,656 58,614 | 448,751 4,611 21,261 | 98,036
3 7,346 53,964 | 396,417 4,611 21,261 98,036
4 1,834 3,364 6,169 6,608 43,666 | 288,543

Téng 55,309 | 392,715 | 2916,957 | 44,300 | 221,772 | 1132,897

(I)Zgja —ib 99,609 m
=
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

(2)29‘, a’ - ibz -170,943 m?
=i
OYNEDN 4049,854 m*
==
(Hn= %X% -0,858 m
(5, =32 43) 11654,580 m
(©)axn’ =§x(1)x(4)2 633,173
(1)J =(5)—(6) 11021,407
R= % 2,132 m
Bang 3.34 Tinh todn suon Tchebyshev cho gbc nghiéng 6 = 50°
Swon b(m) b? (m?) b3 (m?) a(m) a%(m?) a’(m?)
-4 0,818 0,669 0,547 5206 | 27,102 | 141,095
-3 5,276 27,836 | 146,864 | 4,549 | 20,693 | 94,134
2 5,890 34,692 | 204,336 | 4,554 | 20,739 | 94,445
-1 6,829 46,635 | 318472 | 4,554 | 20,739 | 94,445
0 6,829 46,635 | 318,472 | 4,554 | 20,739 | 94,445
1 6,829 46,635 | 318472 | 4,554 | 20,739 | 94,445
2 6,639 44,076 | 292,623 | 4,554 | 20,739 | 94,445
3 6,405 41,024 | 262,759 | 4,554 | 20,739 | 94,445
4 1,044 1,090 1,138 6,295 | 39,627 | 249,452
Téng | 46,559 | 289293 | 1863,683 | 43,374 | 211,856 | 1051,352
(Dia —ib 89,933 m
5
2> a* =) b 277,437 m?
=i
©YNEDWS 2915,035 m#
==
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

_1,.@
(=35 0,431 m
1L )
(5)J, = §><;+(3) 8388,823 m
L
(6)axn’ =—x(1)x(4)’ 143,912
(7)J =(5)-(6) 8244911
7
R= % 1,595 m
Bang 3.35 Tinh toan suon Tchebyshev cho goc nghiéng 6 = 60°
Swon b(m) b2 (m?) | b?(@m?) a(m) a’(m?) a’(m’)
-4 0,395 0,156 0,062 4,982 24,820 123,655
-3 4,853 23,552 | 114,296 | 4,391 19,281 84,662
-2 5315 28,249 | 150,145 | 4,394 19,307 84,836
-1 5,688 32,353 | 184,026 | 4,394 19,307 84,836
0 5,688 32,353 | 184,026 | 4,394 19,307 84,836
1 5,688 32,353 | 184,026 | 4,394 19,307 84,836
2 5,688 32,353 | 184,026 | 4,394 19,307 84,836
3 5,642 31,832 | 179,597 | 4,394 19,307 84,836
4 0,686 0,471 0,323 5,961 35,534 | 211,815
Tong 39,643 | 213,673 | 1180,525 | 41,698 | 195,478 | 929,148
9 9
> a->b 81,341 m
n=l1 n=1
9 9
()Y a’ =) b’ -18,195 m?
n=I n=I
9 9
3 d+) b 2109,674 m
n=1 n=1
1 2
hn =—x— -
(Hn 2X(1) 0,112 m
1 L
(5)J0:§><;+(3) 6071,173 m*
L
(6)axn’ =;><(1)><(4)2 8,784
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

(7)J =(5)-(6) 6062,388
R= % 1,173 m
Bang 3.36 Tinh toan suon Tchebyshev cho goc nghiéng 6 = 70°
Swon b(m) b2 (m?) | b’*(md) a(m) a*(m?) a’(m?)
-4 0,325 0,106 0,034 5,064 25,644 129,862
-3 4,780 22,848 109,215 | 4,122 16,991 70,036
-2 5,065 25,654 129,939 | 4,125 17,016 70,189
-1 5,166 26,688 137,868 | 4,125 17,016 70,189
0 5,166 26,688 137,868 | 4,125 17,016 70,189
1 5,166 26,688 137,868 | 4,125 17,016 70,189
2 5,166 26,688 137,868 | 4,125 17,016 70,189
3 5,166 26,688 137,868 | 4,125 17,016 70,189
4 0,751 0,564 | 0424 | 5580 | 31,136 | 173,741
Téng 36,751 182,610 | 928,951 | 39,516 | 175,865 | 794,776
(l)ia —Zglb 76,267 m
5
2> a* =) b -6,745 m?
n;l ,;:1
©YNEDWS 1723,727 mé
=l
=357 10,044 m
(5, =3+ (3) 4960,504 m
(6)axn’ = %x(l)x(4)2 1,287
(7)J =(5)-(6) 4959,217
R= (Vl) 0,959 m
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Bang 3.37 Tinh todn suon Tchebyshev cho goc nghiéng 6 = 80°

Swon b(m) b? (m?) | b?(md) a(m) a*(m?) a’(m?)
4 0,308 | 0,095 | 0,029 4,489 | 20,151 | 90,458
3 4,760 | 22,658 | 107,850 | 3,966 | 15,729 | 62,382
2 4,889 | 23902 | 116,858 | 3,970 | 15,761 | 62,571
-1 4,889 | 23,902 | 116,858 | 3,970 | 15,761 | 62,571
0 4889 | 23902 | 116,858 | 3,970 | 15,761 | 62,571
1 4,889 | 23,902 | 116,858 | 3,970 | 15,761 | 62,571
2 4,889 | 23,902 | 116,858 | 3,970 | 15,761 | 62,571
3 4,889 | 23,902 | 116,858 | 3,970 | 15,761 | 62,571
4 1,044 | 1,090 | 1,138 5359 | 28,719 | 153,904

Téng | 35,446 | 167,256 | 810,168 | 37,634 | 159,165 | 682,169

(I)Zgla —Zglb 73,080 m
)Y a* =) b -8,092 m?
i
BN EDW 1492,337 m#
=
(4 = %x% 20,055 m
(5, =3+ (3) 4294615 m?
(©axiy* == x(1)x(4) 1,934
(TJ =(5)—(6) 4292,681
R= (Vl) 0,830 m
Bang 3.38 Tinh todn suon Tchebyshev cho gbc nghiéng 6 = 90°

Swon b(m) b?(m? | b*(m?) a(m) a’(m?) | a’(m?)
4 0,289 0,084 0,024 | 4,457 | 19,865 | 88,538
3 4,761 22,667 | 107,918 | 3,946 | 15,571 | 61,443
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

-2 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
-1 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
0 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
1 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
2 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
3 4,761 22,667 | 107,918 | 3,950 15,603 | 61,630
4 2,215 4,906 10,867 5,312 | 28,217 | 149,891
Tong 35,831 163,660 | 766,319 | 37,415 | 157,268 | 669,650

9 9
0> a->b 73,246 m
n=1 n=1
9 9
2> a*=-> b -6,391 m?
n=1 n=1
9 9
©YNEDWS 1435,969 mé
n=1 n=1
1@
(4n = 5 X 0 -0,044 m
1 L
(5)J, =gxz+(3) 4132,399 m*
L
(6)axn’ =;><(1)><(4)2 1,204
(7)J =(5)-(6) 4131,195
R= (Vl) 0,799 m
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Thiét ké hinh ddng thén tau ché hdng khé trong tai 3800 DWT hoat déng trong ving bién han ché cap 1
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Hinh 3.8 Cac duong dang tich tai trang théi 1
3.3.3. Xdc dinh canh tay don on dinh hinh dédng

Két qua ban kinh tdm nghiéng thu dugc cho msi trang thai dugc sur dung dé tinh
toan canh tay don on dinh hinh dang va xay dung do thi canh tay don 6n dinh hinh dang.
Cong thirc canh tay don on dinh hinh dang theo Trang 52 [4]:
1, =y,€080 + (2, —z;) x sin0 (3.34)
Vi ye va (zo — zg) 14 toa 6 tAm ndi ctia tau c6 gia trj thé tich chiém nude xac dinh.

Cao d6 trong tam tau duoc tinh theo Cong thuc (1.4) [4]:

(3.35)

(3.36)

Canh tay don dong (lg)va canh tay don 6n dinh tinh (1)) duoc tinh theo cong thirc
(3.37)
Bang 3.39 Canh tay don 6n dinh hinh ding Pantokaren ctia trang thai 1

li=1¢ — (zG — zB)*SinB

0% | ro | recos® | Zyprecosd | resin® | Sypresin® | yse | zso—zso | yecos® | (zse -zpo)sin® | lo
0123 23 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
1029 29 52 0,5 0,9 0,5 0,1 0,4 0,0 0,5
20 | 3,1 2,9 11,0 1,1 3,0 1,0 0,3 0,9 0,1 1,0
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

30 (2,1 1,8 15,8 1,1 56 |14 05 12 0,2 1,4
40 | 2,1 1,6 19,2 1,4 8,3 1,7 0,7 1,3 0,5 1,8
50| 1,6 | 1,0 21,9 12 112 19| 1,0 12 0,8 2,0
60 | 1,2 0,6 23,5 1,0 13,6 2,1 1,2 1,0 1,0 2,1
70110 0,3 24.4 0,9 15,6 2,1 1,4 0,7 1,3 2,0
80108 ] 0,1 24,9 0,8 17,4 2,2 1,5 0,4 1,5 1,9
9010,8] 0,0 25,0 0,8 19,0 2,2 1,7 0,0 1,7 1,7
Béng 3.40 Canh tay don 6n dinh tinh va canh tay don on dinh dong cia trang thai 1
0 lo sinO a.sin0 1 =y -a.sinO >l 1¢=00/2x%1
0 0,000 0,000 0,000 0,000 - 0,000
10 0,461 0,174 0,262 0,199 0,199 0,017
20 0,993 0,342 0,516 0,477 0,875 0,076
30 1,439 0,500 0,754 0,685 2,037 0,178
40 1,759 0,643 0,969 0,789 3,512 0,307
50 1,982 0,766 1,155 0,827 5,129 0,448
60 2,058 0,866 1,306 0,752 6,708 0,585
70 2,013 0,940 1,417 0,596 8,056 0,703
80 1,874 0,985 1,485 0,389 8,264 0,721
90 1,661 1,000 1,508 0,153 8,499 0,742
1
0.8 f/
0.6 /
g 0.4 /
0.2 p P
o tf
0 10 20 30 40 50 60 70 80 90
-0.2
Goc nghiéng 0°
—&—Phuong phap thu cong Tinh bing phin mém

Hinh 3.9 Db thi canh tay don 6n dinh trang thai 1
3.3.4. Kiém tra tinh én dinh ngang

Cach kiém tra cac thong sb tau sau khi thiét ké dugc quy dinh nhiéu trong cac tai
liéu 5O tay, trong ndi dung Tiéu chuanViét Nam ciing nhu trong khuyen cao cua IMO
vé tinh 6n dinh cta tau thuy. Xét tai trang thai 2 cho cac tiéu chuan 6n dinh tau thuy.
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

— Theo tai liéu [4] Trang 429 yéu cau cac thong sd sau:
+ Chiéu cao 6n dinh ban dau GM:
GM=ho=r1¢o—Zc+7Z=2,929-4,7+3,2=1,429 (m) (= 0,15m)
— Thoa mén theo yéu cau 6n dinh cua [4]

+ Yéu cau ddi v6i dudng cong GZ(0): Theo gid tri tham khao cia Rahola, goc
Omax S€ thudc khoang ttr 35° dén 45°. Omax = 45° (thod man) va vdi 6, > 25° thi
GZmax > 0,25 m do1 voi tau co chiéu dai L< 90 m.

GZmax = 0,83 (m)
— Thoa mén yéu cau ddi véi duong cong GZ
+ Yéu cau goc lan trén do thi on dinh: voi gia tri tham khao 14 0, > 60°.
Goc 1dn trén do thi 6n dinh 1a 6, = 90°
— Thoa mén yéu cau ddi véi goc lan
— N}lém Xét:v Tu cac yéu cu vkiém tra 6n dinh trong [4], tau thiét ké d3 thoa man
di€u kién 6n dinh dong va 6n dinh tinh.
~ Kiém tra theo khuyén céo IMO:
+ Trong cac khuyén cdo cta IMO cho tau vén tai bién c6 ghi rd:

Lso —lyz0 = 0,03m

+

Néu goc vao nude cua tau ¢, > 40°, cdng thire trén co dang:1, . —1, 5, > 0,03m

+

Tai goc @ =30°gia tri canh tay don: 1,,, > 0,055m

-+

Tai goc 6 =40°gia tri canh tay don: 1;,, >0,09m, néu ¢, <40°

+ Trong tinh todn cho trang thai 1:
Goéc vao nude @, =42°<40°, thi tai 0 = 30°, 1g;30° = 0,055 rad.m va tai 6 = 40°,
la,.400 > 0,09 rad.m

Taco 1,,,=0,178>0,055m, [, , =0,377m

d,30
l, ;1,5 =0,377-0,178 = 0,199 > 0,03m

=> Thda min diéu kién 6n dinh dong theo khuyén cdo IMO.

3.3.5. Sir dung phian mém Maxsurf tinh todn én dinh

Bang vi¢c sir dung phan mén Maxsurf s€ gitip cho viéc tinh todn tr¢ nén thuan tién
va chinh xdc hon. Trong d6 an tot nghiép Capstone Project nay em s dung phan mém
maxsurf dé tinh toan tinh 6n dinh cua tau cho céc trang thai con lai.

Trang thai 1: Tau c6 100% hang va c6 100% du trtr.
- Luong chiém nuéc A = 5205T
- Chiéuchimd=6,12m
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

- (Cao dg trong tam tau Zg =4,7 m

Bang 3.41 Két qua tinh toan bang phin mém Maxsurf tai trang thai 1

0° 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
It 0 0,217 | 0,476 | 0,736 | 0,84 | 0,818 | 0,686 | 0,481 | 0,234 | -0,03
lg 0 0,018 | 0,078 | 0,185 | 0,325 | 0,471 | 0,604 | 0,706 | 0,769 | 0,787
Bang 3.42 Kiém tra tinh 6n dinh
bai luong Pon vi | Gia tri | Theo tiéu chuin Yéu ciu
Chiéu cao 6n dinh ban dau GM [4] m 1,21 GM >0,15m Dat
Go6c nghiéng tai GZmax [4] ° 42,7 | 35° < Omax <45° Dat
Goc lan 01 [4] © 88,8 01 > 60° Dat
Khuyén cao IMO [4] m 0,14 | loao—laz 20,03 Dat
Dién tich dd thi 6n dinh tinh 30° [9] | m.rad | 0,213 St30 > 0,055 Pat
Dién tich d thi 6n dinh tinh 40° [9] | m.rad | 0,372 St40 > 0,090 Dat
Goc nghiéng tai GZmax [9] © 42,7 Omax > 25° Dat
= [= = [R]
Righting Lever (GZ) w
L 0 O Vs A St SO .| Stability
' o3 2 4 In|t|a| GMt GM at 0.0 d:eg =1 21[]' m: | GZ
L e B 3.1.2.4: Initial GMt GM at 0.0 deg = 1.210 m
1_{ﬂ r B 3.1.2.6: Turn: angle of equilibrium
1 : fax GZ 0 834 m at 42 ? deg N Max GZ=0.834 m at42.7 deg.
R s o ik R ol s S
N 0.6_...J .................................................................
a | : : : : : : :
042 S N E
0.24--4--: -.-r ------------------------------
ok 3 1.2. 6 Turn: -angle dmf eqmllbrlum u
0%~ 2o 30 40 50 60 70 80 90

Heel to Starboard deqg.
GZ=0088m Heel to Starboard = 4.188 deqg. Area (from zero heel) = 0.1838 m. deqg.

Hinh 3.10 D6 thi 6n dinh duoc v& bang Maxsurf cho Trang thai 1
Trang thai 2: Tau c6 0% hang va c6 100% du trir.
- Luong chiém nuéc A = 1405T
- Chiéuchimd=1,61 m
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

- (Cao dg trong tam tau Zg = 5,5 m

Bang 3.43 Két qua tinh toan bang phan mém Maxsurf tai Trang thai 2

0°|0°| 10° 20° 30° 40° 50° 60° 70° 80° 90°

le |0 (0,638 |1,112 | 1,187 | 1,055 |0,860 |0,674 |0,338 |-0,121 |-0,626

la {0 |0,056 |0,214 |0,419 |0,617 |0,784 |0,919 | 1,009 | 1,029 | 0,964

Bang 3.44 Kiém tra tinh 6n dinh

Dai luong Pon vi | Gia tri | Theo tiéu chudn | Yéu cau
Chiéu cao 6n dinh ban dau GM m 3,728 GM2>0,15m Pat
Goc nghiéng tai GZmax ° 27,3 | 35° < Omax <45° Khong
Goc lan 6; ° 77,5 0; > 60° bat
Khuyén cao IMO m | 0,197 | laao —laz 20,03 Dat
Dién tich dd thi 6n dinh tinh 30° [9] | m.rad | 0,481 St30 > 0,055 Dat
Dién tich dd thi 6n dinh tinh 40° [9] | m.rad | 0,707 |  St40 > 0,090 Dat
Goc nghiéng tai GZmax [9] °© 27,3 Omax = 25° bat
T R CREE
Righting Lever (GZ) w
1. 33"1]'2'21"1i{|i|'é5"(3'r" GM’é’t’b’t’)’dé’@""ﬁ'?’é&"rh""E""""; """" ; 5_“?3‘;"‘5‘
1. 5—] ________ 2124 Initial GMtGM at 0.0 deg=3.728 m
1 2_1 ......... I"1EKGZ.:_119$mat2?3deg ........ [ 3j1j2jB;Turn:angIe ofequ'ilibrium '
: : ; ; ; ; : | Max GZ = 1.198 m at 27.3 deg.
L
O 7 R R S R S S
~d \ \ : : : : ' \ H
[ VG 7 e S e (el ik o el R :
ot : : 3 1.2 6 Turn: ﬁngle @f equmbr - :
03]
Lt St R s St S
| H H . . . . H . |
0%~ 20 30 40 50 60 70 &0 90

Heel to Starboard deg.
GZ=0274m Heel to Starboard = 4.188 deqg. Area (from zero heel) = 0.5743 m. deqg.

Hinh 3.11 Db thi 6n dinh dugc v& béng Maxsurf cho Trang théi 2
Trang thai 3: Tau c6 100% hang va c6 10% du trir.
- Luong chiém nuéc A = 5100T
- Chiéuchimd=6,0 m
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

- (Cao do trong tam tau Zg = 4,9

Bang 3.45 Két qua tinh toan bang phan mém Maxsurf tai Trang thai 3

m

0° | 0°| 10° 20° 30° 40° 50° 60° 70° 80° 90°
le | 0 |0,181 | 0,405 |0,646 |0,732 | 0,687 |0,532 |0,307 | 0,045 |-0,229
la |0 0,015 {0,066 |0,159 |0,281 |0,407 |0,514 | 0,588 | 0,619 | 0,603

Bang 3.46 Kiém tra tinh 6n dinh

Dai luong Pon vi | Gia tri | Theo tiéu chuan Yéu cau
Chiéu cao 6n dinh ban dau GM m | 0998 | GM=>0,I5m Pat
Goc nghiéng tai GZmax ° 40,9 | 35° < Omax <45° Dat
Goc lan 6; ° 81,7 0 > 60° Pat
Khuyén cao IMO m 0,123 li40 =130 20,03 Pat
Dién tich d thi 6n dinh tinh 30° [9] | m.rad | 0,184 St30 > 0,055 Dat
Dién tich d6 thi 6n dinh tinh 40° [9] | m.rad | 0,322 St40 > 0,090 Dat
Goc nghiéng tai GZmax [9] ° 40,9 Omax > 25° Dat
r =@ 52
Righting Lever (GZ) w
)T T 30124 nitial GMLGT 41 0.0'deg = 0,998 m ﬁ“‘é‘é‘“
0.8F--{----t-mrmmme e R GE =D F32 - m-at-40Qideq -+ | EEE 3.1.2.4: Initial GMt GM at 0.0 deg = 0.998 m
J | 1 i v H . . H B 3126 Turn: angle of equilibrium
06’| ot Lo Tm P i |EEE Max GZ=0.732 m at40.9 deg.
E 0_4—---1 ------------------------------------------------------------------
I~
O 0.2 e N
0 3.1.2.6: Turn: angle of equiljbriu
R
R e A N S
A : : : : : : : ;
049 20 d 40 50 e 70 80 9
Heel to Starboard deq.
GZ=0.073m Heel to Starboard = 4.188 deg. Area (from zero heel) = 0.1525 m. deg.

Hinh 3.12 D4 thi 6n dinh dugc vé béng Maxsurf cho Trang thai 3
Trang thai 4: Tau c6 0% hang va c6 10% du tri.

- Luong chiém nuéc A = 1356T
- Chiéuchimd=1,59 m

- (Cao dg trong tam tau Zg = 5,4
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Bang 3.47 Két qua tinh toan bang phan mém Maxsurf tai Trang thai 4

6° | 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
I 1O (0,699 |1,200 |1,272 |1,136 | 0,929 |0,739 |0,422 |-0,023 |-0,520
la |O [0,062 |0,233 |0,454 | 0,666 | 0,846 |0,992 | 1,096 | 1,132 1,085
Bang 3.48 Kiém tra tinh 6n dinh
Dai luong Pon vi | Gia tri | Theo tiéu chuan Yéu cau
Chiéu cao 6n dinh ban dau GM m 4,109 GM=>0,15m Pat
Go6c nghiéng tai GZmax 26,4° | 35° < Omax <45° Khong
Géc lan 6 79,5° 01 > 60° Pat
Khuyén cao IMO m 0212 | laao —lgzp 20,03 Pat
Dién tich dd thi 6n dinh tinh 30° [9] | m.rad | 0,521 St30 > 0,055 Dat
Dién tich d thi 6n dinh tinh 40° [9] | m.rad | 0,762 St40 = 0,090 Dat
Goc nghiéng tai GZmax [9] 26,4 Omax > 25° Dat
& ] = | [3] | &3
Righting Lever (GZ) “
21597 4"'|h'|i|'éE'G'|\}1't'Gi\J1' 'a't'U'['}'d'ég""ﬂ'OQ'%h """"""""""" i‘“%‘é‘“
1. 3"'] """""""""""""""""" P W 3.1.2.4: Initial GIt GM at 0.0 deg = 4.109 m
151t ""mé'x"G‘z"4"1"2'8‘5'&1'ét'zﬁa'ae'@"""": """" | oz 1208 mat 2ok deg
L2 I I e L T :
E 0.9____1 __________________________________________________________________
O e T e
1 R R PR TR E T e e TR EEEET TS
o 3 1.2 6 Turn: ﬁngle E!lf eqmllbrlL
T e e
08540 20 30 40 50 60 70 80 9o
Heel to Starboard deg.
GZ=0302m Heel to Starboard = 4.188 deq. Area (from zero heel) = 0.6341 m. deqg.

Hinh 3.13 D4 thi 6n dinh dugc vé béng Maxsurf cho Trang thai 4

3.4. Két luan

Tau thiét ké da thoa man tinh 6n dinh va céc thong s6 on dinh duoc thé hién trong
céc ndi dung da trinh bay. Viéc tinh toan cac thong s6 on dinh tau gitp dam bao an toan
tinh mang va tai san. Bén canh do giup viéc tai hang, thao dé hang va chuyén dong trén
bién hiéu qua hon.
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

Duya vao cac ban gia kiém tra tinh 6n dinh cho thiy tai cac truong hop tai trong tinh
toan déu thoa mén véi tiéu chuan. Nhung tai trudng hop 2 va trudng hop 4 c¢6 dai luong
20C Omax khong thoa man. Diéu nay cho thiy tau khong duoc 6n dinh cho trang thai nay.
Tai hai trang thai tai trong nay, tau co chiéu chim bé, chiéu cao trong tam lon dan dén
tau d& mat can bang. Vay nén khi tau khéng ché hang hoic boc dé hang hoa khoi tau,
thong thuong ngudi ta dung cac két nude giang tau dé dam bao tinh 6n dinh tau trong
qua trinh thyc hi¢n do.

Tom lai sau khi thiét ké dugc tuyén hinh, cac thong s6 co ban cua tau thi tau thiét
ké c6 tinh 6n dinh dam bao va thoa man cac ti€u chuan da de ra.
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

CHUONG 4: MO PHONG CHUYEN PONG CUA TAU TREN SONG
4.1. Chuyén déng tau trén séng

Chuyén dong tau trén song cho thiy duoc kha ning di bién cua tau, né phan anh
kha ning chiu tic dong ctia diéu kién song bién tac dong 1én tau. Chuyén dong tau khong
chi gay ra kho khan trong van hanh (nhu kho giir thang bang, moi mét cho thuyén vién,
mAt hiéu suat nhién liéu) ma con c6 thé 1am ting rui ro nhu 1am hu hong hang ho4, va
dap cac cong trinh ngoai khoi khac hodc va cham giira cac tau thuyén, ...

Viéc nghién ciru chuyén dong tau trén song 1a rat can thiét trong thiét ké va van
hanh tau thuy hién dai. Nhimmg thong s6 nhu RAOs (Response Amplitude Operators),
tan sd cong huong, hay chuyén dong bién do 16n 1a cac yéu t6 dugc phan tich chi tiét
trong cac phan mém m6 phong va thtr nghiém mo hinh. Piéu nay giup du doan chuyén
dong tau theo ting tan sd song, phan tich anh huong cua kich thude than tau va hinh
dang mili tau, c6 thé dua ra nhitng phuong an cai tién gitp ti uu trong viéc thiét ké va
kha ning di bién ctia con tau.

Pé c6 thé tinh toan dugc cac thong sé chuyén dong RAOs mét cach chinh xac thi
chung ta can tim hiéu vé cac 1y thuyét vé song bién. Trong khi nghién ctru vé chuyén
dong cua tau thuy trén bién, thong thuong tau dugce xem 1a mot khoi vat ran tuyét doi.
Céc dai lugng thudng anh huéng dén chuyén dong cua tau trén bién gdm:

- Toc do chuyén dong tau
- Cé4c thong s0, kich thudc chu yéu cua tau
- Diéu kién song (loai soéng, tan s6 soéng, chi€u cao song)

- Phuong truyén song so voi phuong chuyén dong cua tau

y
Hinh 4.1 Hudng song tac dung 1én tau thuy
4.2. H¢ toa do va ky hi¢u

Hoat dong trén bién ludn phai chiu tac dong ctia moi trudng song gid, tao ra cac
chuyén dong phuc tap anh hudéng dén an toan, do 6n dinh, hi¢u suat hoat dong va tuoi
tho cta con tau. Viéc mo phong chuyén dong tau trén song dua vao pho dép ung RAOs
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Thiét ké hinh ddng thén tau ché hdng khé trong tai 3800 DWT hoat déng trong ving bién han ché cap 1

gitip danh gia chinh xac hanh vi cua tau trong diéu kién thuc té, tir d6 dua ra cac quyét
dinh thiét ké va van hanh t61 uu.

Tau trén bién 12 mot hé vat thé c6 sau bac tu do chuyén dong trong khong gian ba
chiéu. Cac chuyén dong nay gom:

Tinh tién (Surge), x: Chuyén dong tinh tién doc theo truc Ox

Dat ngang (Sway), y: Chuyén dong tinh tién doc theo truc Oy

Lic ding (Heave), z: Chuyén dong tinh tién doc theo truc Oz

Lac ngang (Roll), ¢: Chuyén dong quay quanh truc Ox

Lic doc (Pitch), 0: Chuyén dong quay quanh truc Oy

Quay tré (Yaw), y: Chuyén dong quay quanh truc Oz

Véc to chuyén dong cta con tau duoc dinh nghia nhu sau:

X=(Y,29,0,vy)

Hinh 4.2 H¢ truc toa d0 than tau

4.3. Co s6 1y thuyét
v Anh hudng ctia song bién dén con tau kha twong dong véi phan tng dao dong kinh
dién cua h¢ thong khoi luong — gidm chan — 10 xo (Mass — Damping — Spring System).
Khi xét dén mét bac ty do (6-DOF) thi phuong trinh chuyén dong cua tau trén song dugce
mo thiét 1ap nhu sau:
(M+A,)X(t)+BX(t)+CX(t)=F,(t) (4.1)
Trong do:
+ M la ma tran khéi luong quén tinh cta con tau
+  Aw la ma tran khéi luong nudc kém (Added Mass)

+ B la ma trn gidm chan
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Thiét ké hinh dang thén tau ché hang khé trong tai 3800 DWT hoat dong trong ving bién han ché cdp 1

+ Clama tran do cing
+ Fw(t) 1a luc song tac dung lén tau
+ o la tan s6 song

- Séng diéu hoa c6 phuong trinh dao dong, véi A 1a bién do song diéu hoa:

x = A cos(kx — wt) 4.2)

- Ap suét cua song tai diém bat ky:
p=p.g(=2z+0) (4.3)
Tai vung nudc sau: p =—p.g.z+ z.p.gekX cos(kx — mt) (4.4)
Véik 12 s6 song: k = %2 (4.5)

~  Tan s6 hitu hiéu: ®, = co(l _20U cos aj (4.6)
g

Pé mo phong kha ning di bién cua tau ché hang kho va céc loai tau thuy khac,
phuong tién dong thé (Potential flow method) dugc lra chon nh¢ vao tinh hiu qua va
d6 chinh xac cao. Phuong phéap nay dya trén gia thiét rang chat long 13 1y tuong (khong
nhot, khong chiu nén va khong xoay), cho phép biéu dién truong van téc dong chay
thong qua mot ham thé van toc ¢(x, y, z, t). Cac gia thiét chinh:

— Nudc 1a chat 1ong 1y tudng: khong nhét, khong nén duoc

- Dong chéy 1a khong xody (irrotational flow)

- Song duoc mo hinh hoa 13 séng diéu hoa tuyén tinh
Phuong trinh co ban cta phuong phap dong chay thé 1a:

a¢ ¢ a¢ =0 (4.7)
ox’ ay2 oz* '

Phuong trinh mit thoang biéu dién su can bang giita luc quan tinh (do dao dong
song voi tan sO6 ®) va trong lyc:

0
o+ 0 (4.8)
0z
Diéu kién trén mat than tau: Phuong trinh dau 1a diéu kién btrc xa: mo ta phan ung

clia than tau dang dao dong trong séng. Phuong trinh sau 1a diéu kién nhiu xa: tau dimg
yén nhung bi song t&i tdc dong. Bam bdo khong c6 dong xuyén qua bé mat than tau.

% = —10,1;

n (4.9)
09 _ _ =00,

on on

Diéu kién day bién (Bottom boundary): DPam bao van tdc theo phuong z bang 0.
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9% _
— =0 (4.10)

Dong chay cuia chat 16ng xung quanh than tau duoc xac dinh bai ham thé van tbc,
bao gdm ba thanh phan:

— Thé van tdc song t6i @r: M6 ta song bién dén.
b = gA cosh[k(z +h)]
" w  cosh(kh)

sin(kxcosa + kysino. — wt) 4.11)

g: Gia tdc trong trudng.

A: Bién do song.

Q: Tan sb song.

K: S6 song

h: B0 sau nudc.

a: Goc hudng song (so véi truc tau).

Z: Toa dd theo chiéu thang ding (mit nude tu do tai z = 0)
— Thé van téc nhidu xa op: Do su nhiéu xa ctia song khi gip tau.

— Thé van tdc birc xa ¢s: Do chuyén dong dao dong cua tau tao ra song birc xa.
6
by =D X0, (4.12)
J=1

X; 1a bién d6 chuyén dong trong bac tir do j
~ Tong thé van toc dugc viét dudi dang: @ = @1 + @b + @s

Bién d6 dap img RAOs cho mdi bac tu do dugc tinh nhu sau:
X,
RAO,; = 7 (4.13)

Luc nhiéu xa (wave excitation force) duoc tinh tir 4p suat trén than tau:

Fy; = —io,p[[ (@, +¢5)n dS (4.14)

nj: Thanh phan phép tuyén theo hudng bac tu do j
4.4. Thiét 1ap tinh toan md phéng
4.4.1. Geometry — Khaoi tao hinh hoc

Tu ban vé tuyén hinh cac mit cét co ban cua tau thuy, str dung phﬁn mém Rhino 6
xay dung cac duong suon bién dang tau va xay dung mo hinh véi ty 1¢ 1:1 so véi tau
thiét k&, c6 thong s6 nhu sau:
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Béng 4.1 Thong s thiét 1ap mo hinh

Chiéu dai thiét ké, Lep 77,7 |m
Chiéu rong thiét ké, B 1405 |m
Luong chiém nuéc 52337,5 | Kgf
Thé tich chiém nuéc 5078  |m’
Hoanh d¢ trong tam tinh tir tru duéi, LCG | 2,4 m
Cao d¢ trong tam, VCG 4,7 m
Ban kinh quan tinh, Ay 5,62 B
Bén kinh quan tinh, 4, 19,42 Lpp
Ban kinh quan tinh, £ 19,42 Lpp

Tir Model 3D xay dung duoc trong Rhino 6, ta export model nay thanh file c6
duoi.igs va nhap vao cac cell trong phan mém Hydrodynamic Diffraction trong Ansys.

0.000 10.000 20,000 (m)
[ EEa—— E—

5.000 15.000

Hinh 4.3 Model 3D tau thiét ké trong Ansys
Str dung 1énh Slice dé chia tau thanh 2 thanh phan: phan ngap trong nudc bién
(lower) va phan nho 1én trén mat thodng nudc bién (upper) voi khoang céach tir duong
co ban dén mat phang chia tau chinh la d6 16n chiéu chim thiét ké cua tau T = 6,12m.
Hai phan dugc dat trong 1 Part c6 tén 14 “tau” va dugc thé hién trén Tree Outline.
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/8 Slice2
B @ 1Part, 2 Bodies

o8 tau - . -
+ 2 lower
o] =
Sketching Modeling g /

details View s
Details of Surface Body
dy
tode
hid =0
3

0.000 15.000 30.000 (m)
I ]

Model View [Print Preview |

J Drag a box to zoom in 1 Body: Area = 15483 m* Meter Degree

Hinh 4.4 Thiét 14p chiéu chim tau trong mé phong
4.4.2. Meshing — chia lwoi mé hinh

Chon ché d¢ diéu khién don gian cho viéc tao ludi - Basic Controls. Dung dé thiét
12p nhanh ma khdng can tinh chinh phtrc tap. Cac thong so6 trong thiét 1ap chia lu61 duoc
thé hién nhu sau:

~ Thiét lap dung sai khoang cach luéi — Defeaturing Tolerance: 0,1 m. Diéu nay
cho phep bo qua cac chi tiét nho trong hinh hoc khi tao ludi, nhitng chi tiét nho
hon 0,1 m s€ khong dugc ludi hoa dé don gian md hinh.

- Maximum Element Size: 0,8 m. Kich thudc t6i da ctia ludi 1a 0,8 m
Khi do6 thong tin ludi thu duge nhu sau:

- Tong s6 diém nut (node) trong ludi — Total Nodes: 16084

— Tong sb phan tir ludi duoc tao ra — Total Elements: 16082

- S phﬁn tr ludi thude bé mat chiu tac dong song nhiéu xa - External Surface
Diffraction Elements: 7770

~  S6 nat thudc ving diffraction: 7593

~ S6 phan tir ludi thude ving khong chiu anh hudng nhiéu xa - External Surface
Non-Diffraction Elements: 8666

- S6 diém nat trong ving khong nhifu xa - External Surface Non-Diffraction
Nodes: 8489
Cho thdy S6 phan tir & ving diffraction chiém khoang 48% tong sd phan tir va kich
thudce ludi khong qué to, qué nhé hodc thay déi dot ngot. Nén ludi thu duge dam bao.

Hinh 4.5 Chia lu6i cho mo hinh 3D
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4.4.3. Thiét lp tinh todn

Thiét 1ap diéu kién moi truong mé phong bao quanh tau thuy (Model/Geometry):
Chiéu sau khdi nudc: 200m
Do nhét chat long: 1,025 T/m?
Gia toc trong truong: 9,81 m/s?

Kich thudc mién mit phang mit thoang: 200 x 200 (m)

Hinh 4.6 Mién méi trudng tinh toan

Diéu chinh cac thong s6 lién quan dén khéi lugng diém (Point Mass) cho mé hinh
(Model/Geometry/ Point Mass).

~ Point Mass Properties: Cai dat ché d6 Manual Controlled dé chinh thu cong.
X:24m
Y:0m
Z:-1,58m
Mass: 5205 T
— Inertia Properties: thiét 1ap cac ban kinh quan tinh k., kyy, k.
+ ki 5,62 m
+ k119,42 m
+ kz: 19,42 m

Thiét lap tinh toan chuyén dong tau thuy trén song:

+ 4+ o+ o+

- Cai dat phén tich — Analysis Settings: st dung Pre-Solve Python Script bang doan
Code Python cta chuong trinh tinh.

~ Thiét lap thong sb va diéu kién song:
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Bang 4.2 Thiét lap diéu kién séng

Type Range of Directions, Forward Speed
(Kiéu mé phong) (Ddi hwéng séng, toc do tién)
Wave
Directions Forward Speed
. 6,16 m/s
Huong | (Phu thudc vao toc do)
song
Required Wave input 90° to 180°, interval: 30°
(DiF liéu song yéu cau) Khodng cach méi buée: 30°
Intervals Baseed Upon . g
. ) Frequency (Tan s0)
(Khoang buodc theo)
Wave
Frequenc Range Frequenc
(% ’y S ‘q , Y 0,2 rad/s to 3 rad/s
Tan so (Dai tan so)
song
Interval

N 0,1 rad/s
(Khoang cach tan so)

4.5. Két qua mo phéng

Sau khi thyc hién thiét 1ap mod phong da thu dugc cac dd thi phé dap tng chuyén
dong cua tau trén séng véi cac goc song 90°, 120°, 150°, 180°. Thong thuong, ching ta
s& xét dén ba chuyén dong chinh 1a Heave, Pitch, Roll — Pay 1a 3 bac tu do chinh bi anh
hudng nhiéu nhat ma mdi tau thuy diéu xét dén trong qua trinh kiém tra tinh di bién.

4.5.1. Chuyén déng lic dirng (Heave)

Tai goc song 180°, bién do lac ding co gia tri 16n tir tan 6 0,2 rad/s den 0,9 rad/s
va dat gia tri 16n nhat tai tan s6 song 14 0,7 rad/s. Khi tau chuyen dong trong tan sb song
16n hon 1,0 rad/s bién d6 dao dong RAOs trong lic ding rat nho gan nhu tit dan.

Tai cac goc song 150°, 120°, 90°: Bién do lic dung c6 xu hudng giam dan khi
goc song giam, nhung sy thay d6i nay khong qua dot ng6t nhur lac ngang hay lac doc.
Bién d6 lic ding RAOs ciia goc song 150°, 120° van dat gia tri 16n tai tan s6 tir 0,2 dén
1 rad/s va dat gia tri cyc dai tai tan s6 0,8 rad/s. Doi vai gbc song bang 90° bién dg song
dudng nhu khong thay doi khi tan sé bé hon 1 rad/s va sau d6 giam manh va tiém cin
vé gia tri 0, xem Hinh 4.7.
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-©-180
2.0 _ —A—150
Cl | -5-120
E15 ——90
N |
gl.o ]
0.5 -
0.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
® (rad/s)
Hinh 4.7 D6 thi RAOs cua tau chuyén dong theo truc Oz
4.5.2. Chuyén déng lic ngang (Roll)

Goc song 90°: Db thi RAOs cua lic ngang s& hién thi bién d6 cuc dai 0 goc song
nay. Trong dai tan so tir 0,5 rad/s dén 1 rad/s, bién d6 dap ung lac ngang RAOs co gia
tri cao va dat gia tri 16n nhat la 0,55 rad/s tai tan s6 song la 0,6 rad/s. Di€u nay cho thay
bién d lac ngang 16n c6 thé gy mat can bang, lam d6 hang hda, anh hudng téi stre khoé
cac thanh vién trén tau va tham chi 1a lat tau néu bién do vuot qua gidi han an toan.

0.6
] -o-180
05 ° ﬂ ~A—150
] -8-120
0.4 ]
] ——90

<
b

RAOs-¢ (rad/m)
=
sl

o
f—

® (rad/s)
Hinh 4.8 D6 thi RAOs - Chuyén dong quay quanh truc Ox

Goc song 120° va 150°: Bién do lac ngang s€ giam dang ké so v6i goc 90°. Pinh
d6 thi lac ngang RAOs van c6 thé xuét hién tai tan s6 ty nhién, nhung gia tri dinh s&
thip hon. Su giam nay 1a do chi c6 mot thanh phan song tac dong theo phuong ngang
man. Bién 46 RAOs dat gia tri 16n nhat tai tin s6 song 13 0,5 rad/s.
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- Goc song 180°: Bién do lac ngang s¢ la nho nhat trong cac goc x¢t. Ly do 1a thanh
phan soéng gy lac ngang gan nhu bang khong khi song di thang tir miii hodc dudi tau.

4.5.3. Chuyén déng lic doc (Pitch)

Goc song 180°: P thi RAOs cta chuyén dong lic doc s& hién thi bién do 1on
nhit & goc 'song nay, dac biét ¢ cac tan s6 0,5 dén 1,0 rad/s (twong Gng voi song dai).
Dinh ¢6 thé khong nhon nhu chuyen dong lic ngang do anh huong cua can va hiéu ing
mon nudce. Bién do chuyén dong lic doc 16n nhat tai goc song nay 1a 0,058 rad/m tai tan
s6 séng 0,7 rad/s. Pay 1a goc song gay ra nhiéu khé khan nhat cho chuyén dong lic doc,
dan dén hién tuong chui duoi, chui miii va ndi chan vit 1én khoi mat nuée. Diéu nay anh
huong dén téc do, hiéu qua nhién liéu va sy thoai mai.

0.07 1

] -©-180
0.06 1

F0.05 1

= ]
30.04 .

® (rad/s)
Hinh 4.9 D6 thi RAOs- Chuyén dong quay quanh truc Oy

Goc song 150° va 120°: Bién do lic doc s& giam dan khi goc song giam. Strc tac
dong cua song 1én chiéu dai tau theo phuong doc giam di. Bién d6 song dat gia tri cao
trong dai tan s song tir 0,5 dén 1,0 rad/s. Mic du vin c6 lic doc, nhung muc do anh
huong s€ it nghiém trong hon so voi khi di ngugc song tryc dién.

Goc soéng 90°: Bién do lac doc sé 1a nho nhat trong cac goc xét. Song tac dong
chu yéu vao chiéu ngang tau, it anh hudng truc tiép dén chuyén dong lic doc. Va tuong
tu & truong hop goéc song 120° va goc song 150°, bién dd dap tng cua tau cd gia tri 1on
trong dai tan s6 tir 0,5 dén 1,0 rad/s. Gia tri bién d6 chuyén dong lic ngang 16n nhat 1a
0,035 Rad/m tai tan sd 1 rad/s.

4.6. Két luan

Mo phong chuyén dong tau trén séng sir dung phan mém ANSYS (Hydrodynamic
Diffraction) da cung cap cac do thi RAOs cho ba béc tu do chinh: lac ding, lac ngang
va lac doc tai cac goc song 90°, 120°, 150°, va 180°. Két qua cho thay:

- Chuyén dong lic dimg: Bién d6 dat gia tri 1on nhét tai goc song 180° (tan s6 0,7
rad/s), giam dan khi goc song giam va gan bang 0 & tan s6 cao (>1 rad/s) tai goc
90°, cho thdy anh huéng séng ngang dén lic dung 1a khong dang ké.
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- C}luyén dong lac ngang: Bién do dat cuc dai tai goc séng 90° (0,55 rad/s tai tan
50 0,6 rad/s), giam rd rét 6 cac goc 120°, 150° va nho nhat tai goc 180°, do song
doi dau khong tao lyc kich thich ngang dang keé.

~ Chuyén dong lac doc: Bién d6 16n nhat tai goc song 180° (0,058 rad/m tai tan s6
0,7 rad/s), giam dan & cac goc 150°, 120° va nhé nhét tai goc 90°, phi hop voi
dic diém song ngang it tac dong dén chuyén dong doc.

Mo phong chi ra rang dai tan so 0,5-1,0 rad/s la khu vuc nguy hiém, noi tau dé xay
ra cong huong. Két qua nay cung cdp co s& quan trong dé toi wu hoa thiét ké tau, nang
cao tinh di bién, dam bao an toan va hiéu qua van hanh trong cac diéu kién song khéc
nhau.

Két qua md phong cho thiy chuyén dong lic ngang (Roll) cta tau dat bién d6 16n
nhat khi song toi tir phuong vudng goc véi truc doc than tau (goc 90°). Chuyén dong
clia tau trong séng co thé dugce xem 1a mot bai toan dao dong cudng buc dudi tac dung
cua luc kich thich tir song. Khi song téi tr phuwong ngang, luc tic dong 1€én man tau sinh
ra momen 16n quanh truc Ox, kich thich manh chuyén dong léc ngang. Nguoc lai, & cac
huong song khac (goc 120°, 150°, 180°), mémen kich thich yéu hon do song khong con
tac dong truc tiép va d01 xtng 1én hai bén man tau, khién bién do lac ngang Roll giam
1 rét. Do d6 cho thiy ring song ngang 13 tic nhan nguy hiém nhat gy mat 6n dinh lic
ngang cho tau.
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KET LUAN

Trong d6 4n tot nghiép - Capstone Project v&i dé tai “Thiét ké hinh dang than tau
cho hang kho trong tai 3800 DWT hoat dong trong vung bién han ché cap 17, em di tién
hanh cac budc nghién ctru va tinh toan thiét ké theo quy trinh bai ban va theo nhitng gi
dd hoc. Cu thé, d6 an da thuc hién:

~ Chon phuong phép thiét ké, xac dinh cac théng s6 co ban so bo theo yéu cau thiét
ké va kiém nghiém so bd (kiém tra tinh 6n dinh ban dau, kiém tra chu ky lic,
kiém tra dung tich)

~ Thiét ké tuyén hinh than tau pht hop véi diéu kién khai thic tai ving bién han
ché cap I, dam béo céc tiéu chi vé hiéu qua thuy dong luc va kha ning khai thac
thuc té.

~ Tinh toan céc dic tinh thuy tinh va 6n dinh nguyén ven cia tau, bao dam céc yéu
ciu an toan hang hai theo céc tiéu chuan hién hanh.

~  Thyc hién mé phong chuyén dong cua tau trén song bang phuong phap 56, biét
dugc kha nang lam viéc cua tau trong diéu kién song gio thuc té.

Két qua thu duoc tir qua trinh moé phong va tinh toan cho thay tau c6 tinh 6n dinh
t6t, kha ning chdng chiu song cao va dap Gmg dugc cac tiéu chi thiét ké ban dau. Pic
biét, d6 thi RAOs va phan tich dao dong cho thiy chuyén dong cia tau trong cac dicu
kién song dién hinh van nam trong gidi han cho phép, ddm bao kha ning khai thac an
toan va hiéu qua.

D6 an khong chi ding lai & viéc hoan thanh day du cac ndi dung chuyén mén theo
yéu cau, ma con thé hién kha ning van dung linh hoat kién thirc da hoc dé giai quyét bai
toan thiét ké trong diéu kién thuc tién. Day la minh chimg r6 rang cho nang lyc thiét ké
ky thuat va kha nang Gng dung phan mém m6 phong hién dai trong nganh cong nghiép
dong tau. Tuy nhién, d6 an van con ton tai mot s6 han ché nhu chua thuc hién dbi chiéu
v6i cac két qua da dugc klem nghiém trude do dé kiém tra va danh gia do tin ciy cia
mo phong. Ngoai ra, mot sd van dé thiét ké da duoc de cap nhung chua duoc phan tich
sau, con dung ¢ murc khai quat. Day la nhiing diém can duogc bd sung va phat trién trong
cac nghién ctru tiép theo.
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