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LOI NOI PAU

Trong thoi ky so khai ctia nganh cong nghiép dong tau, déc tinh khi dong hoc va on
dinh cua tau thuong chi dong vai tro thir yéu so voi nhirng van dé k¥ thuat, kinh té khac. Tuy
nhién, trong bbi canh ngudn ning luwong thé gidi ngiy cang khan hiém nhu hién nay, dong
thoi van d& 6 nhiém méi trudng ngay cang tang cao thi viéc thiét ké hinh dang hop ly nham
giam tiéu hao nhién liéu, tang hi¢u suat ctia phuong tién 1a mot trong nhiing van dé cap thiét.
Nhiing ndm gan day nhan loaidé phai quan tam nhleu dén van d¢ 6 nhlem moi truong khong
khi d6 1a: sy bién d6i cua khi hau — nong lén toan cAu, su suy giam tdng 6z6n va mua axit va
nguy hiém nhét 1a 4nh hudng truc tiép t6i hé ho hap cia con ngudi.

Bén canh do, trong qua trinh danh gia dac tinh khi dong hoc va 6n dinh cua tau, mot
van dé kho khan dat ra 13 sy ma sat voi dong chay khi hoat dong trong moéi truong nudce bién.
Chinh vi vay viéc nghién ciru cac yéu to tir hinh dang anh huong dén dic tinh khi dong hoc
va on dinh cua tau, tir d6 dua ra cac danh gia vé lyc can, sy phan b truong ap suat, on dinh
va van tc cta tau, sy hinh thanh cac X04y.

Trén co s& d6 dé xuat cac phuong phép cai tién dé nang cao tinh nang 6n dinh cua tau,
giam luc can, giup tiét kiém nhién liéu,than thién véi moi truong 1a mot huéng di chinh
trong viéc nghién ctru vé tau hién nay. Tir 1y do trén em chon dé tai: “Thiét ké phwong tién
bé mit khong nguoi lai loai Catamaran” dé 1am do an t6t nghiép.

Linh vuc Iyc m6 phdng 1a mdt linh vyc con kha méi mé vay nén trong qua trinh nghién
ctru, danh gia ciia em khong thé tranh khoi sai sot vi vay rat mong duoc sy thong cam va dong
gop v kién cua quy thay co gido va cac ban

Trong qua trinh nghién ctru va thuc hién dd 4n em di nhan duoc sy hd tro rit 16n tir
cac thdy c6, em xin giri 10i cam on chan thanh dén thay giao TS. Nguyén Tién Thira cling
toan thé cac thay ¢ gido trong khoa Co khi Giao thong ciing nhu cac ban da giup d& em rat
nhiéu trong qua trinh tuc hién d6 4n lan nay.

Sinh vién thuc hién
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CAM DOAN

T6i xin cam doan rang d6 an tt nghiép v6i dé tai “THIET KE PHUONG TIEN BE
MAT KHONG NGUOI LAI LOAI CATAMARAN” 1a qué trinh nghién ciru ciing nhu mo
phong cua toi trong thoi gian vira qua. Céc sb liéu, dir liéu trong qua trinh tim hiéu va thiét
ké duoc tham khao gido vién huéng dan hodc ¢ tham khao tai liéu 1 rang.

T6i xin chiu hoan toan trach nhiém trude nha truong néu trudng hop phat hién ra bat

ctr sai pham trong dé tai do an tot nghiép nay.

Sinh vién thuc hién
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Hinh 4.56 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
goc 45°.

vii



Thiét ké phwong tién bé mdt khong nguoi ldi loai Catamaran

Hinh 4.57 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
g6c 90°.

Hinh 4.58 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
gbe 135°.

Hinh 4.59 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiéu song va khdi luong tang thém
goc 180°.

Hinh 4.60 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu song va khdi luong tang thém
gbc 0°.

Hinh 4.61 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
gbc 45°.

Hinh 4.62 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gbc 90°.

Hinh 4.63 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gboc 135°.

Hinh 4.64 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
gbe 180°.

Hinh 4.65 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gbc 0°.

Hinh 4.66 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khoi luong tang thém
goc 45°.

Hinh 4.67 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
g6c 90°.

Hinh 4.68 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
gboc 135°.

Hinh 4.69 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gbc 180°.

Hinh 4.70 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
gbe 0°.

Hinh 4.71 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhidu song va khdi lugng ting thém
goc 45°.

Hinh 4.72 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiéu song va khdi lugng tang thém
g6c 90°.
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Hinh 4.73 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhiéu song va khdi lugng ting thém
gbe 135°.

Hinh 4.74 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhiéu song va khdi lugng ting thém
gbe 180°.

Hinh 4.75 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu song va khdi luong tang thém
gbc 0°.

Hinh 4.76 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khdi luong tang thém
goc 45°.

Hinh 4.77 Luc nhiéu xa, luc Froude-Krylov, btrc xa nhiéu song va khdi lugng ting thém
g6c 90°.

Hinh 4.78 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gboc 135°.

Hinh 4.79 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu soéng va khoi luong tang thém
gboc 180°.
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DANH SACH CAC KY HIEU, CHU VIET TAT

CHU VIET TAT:

-  RAO — Response of Amplitude Operator.
- BME - Boundary Element Method.

- USV — Unmanned surface vehicle.
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Thiét ké phwong tién bé mdt khong nguoi ldi loai Catamaran

MO DAU

Muc dich cia dé tai

Catamaran (tau hai than) sir dung phd bién trén thé giéi, né hiéu qua vé tinh niang, kinh té
va thAm my. Tinh ndng hang hai wu viét cua tau hai than, dac biét tinh 6n dinh va tdc d6 vuot
trdi so v6i tau mot than cung kich ¢&. Nhirng nim gan day ¢ Viét Nam, di xuét hién va c6 xu
huéng ting dan nhu cau sir dung tau hai than trong giao thong thuy. Tir thuc té trén em xin
dé xuat dugc thuc hién do an tot nghiép véi dé tai: “Thiét ké phwong tién bé mit khong
ngudi lai loai Catamaran”. Em mong mudn céac két qua nghién ctru cta dé tai s& gop phan
tao ra co s& 1y thuyét cho sy phat trién cua cac cong nghé twong tu va s& duge phuc vu cho
giang day va thi nghiém.

Phwong an thiét ké
Phuong 4n duoc em lya chon 14 thiét ké phuong tién khong ngudi lai véi nhimg wu diém sau:
- Tiét kiém khong gian va chi phi khi thiét ké.
- Khéng anh huéng dén mai truong.
- D& thiét ké, gia ca phai ching va co thé sir dung trong quan su, khao sat, ..
Poi twong thiét ké
Phuong tién bé mit khong nguoi 14i loai Catamaran.
Pham vi nghién ciru

Trong pham vi d6 an, em tap trung thiét ké mo hinh khong ngudi 14i loai catamaran voi
tiéu chi danh gié cac thong s6 6n dinh ciia md hinh khi thuc nghi¢m trén moi truong song.

Phwong an nghién ciru

Qua tim hiéu em nhan thiy cac xu huong nghién ctru gan ddy cua cac tac gia trén thé
gio1 thuong ing dung nhiing thanh tyu cia phuong phap nghién ciru ly thuyet vao thuc
nghiém hoic nguoc lai dé nang cao hiéu qua trong viéc giai quyét nhitng van dé cia bai
toan khi dong hoc.

Néu nhu trude day, cac nha nghién ctru thuong s dung phwong phap sai phan hitu han
trong nghién ctru cua minh thi gio day da co thém cac phuong phap khac nhu phan tir hitu
han, the tich hitu han. Dy 1a phuong phap st dung rat pho bién trong nghién ciru tau. Cac
phan mém chuyén dung ciing duoc sir dung ngay cang nhiéu hon trong cic nghién ctru ly
thuyét.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Hudng dan: TS. Nguyén Tién Thira 1
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Sau khi phan tich, danh gia, nhom lwa chon: Phuong dn mé phong bang phan mém chuyén
dung két hop voi thuc nghiém.

a) V& ly thuyét:

b) Sur dung nguodn tai li¢u cé san co trén Interner: cac nguodn tai li¢u cong khai ctuia
NASA, céc bdo cdo, gido trinh,......

¢) Vé thuc nghiém:

- Ché tao phuong tién khong nguoi 14i ¢& nho.
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Chwong 1: GIOI THIEU CAC LOAI PHUONG TIEN KHONG NGUOI LAI LOAI
CATAMARAN

1.1. Pitvan dé

Trong bdi canh cua su phat trién nhanh chéng cua nén thuong mai thé gidi, khia canh
quan trong nhat cua thiét ké tau 1a cai thién an toan va hiéu qua cua tau trong viéc ung phod
v6i méi trudng va cham. Do nhu cau t6i wu hoa hoat dong cua nhing con tau vé cac dic tinh
chéng chiu va di chuyen ngay cang tro' nén cap thiét. Vi vdy, Catamaran hién nay la giai phap
hiru hiéu dé giai quyét nhitng van de trén. Bén canh d6, can c6 thém cac mo ta chi tiét hon vé
cac tinh nang thuy dong luc hoc ndi bét cua ching.

Sy phén tach giita cic phan vo bén cta Catamaran sé& tao nén tinh 6n dinh tét, dong thoi
su thanh manh cua voé tau tao nén dac tinh stc can hi¢u qua. Sy phan chia lugng chiém nudc
va dién tich mat duong nudc giita hai vo dan dén hinh thanh mit boong rong, chat luong 6n
dinh t&t va két qua 1a tdc do lac va goc lac nho. Ngoai ra, Catamaran dugc sir dung phd bién
trén thé gidi, n6 hiéu qua vé tinh ning, kinh té va thAm my. Tinh ning hang hai wu viét cia
tau hai than dic biét 1a tinh 6n dinh va tdc do vuot trdi so véi tau mot than cung kich co.
Nhiing nam gan day tai Viét Nam, da xuat hién va c6 xu hudng ting dan nhu cau sir dung tau
hia than trong giao thong thuy.

1.2. Gi6i thiéu tdng quan tau Catamaran
1.2.1. Dinh nghia

Catamaran 12 mot chiéc thuyén co6 hai than. Hai than tau nay dwoc ndi véi nhau bang
mot san cau. Nhiéu nguoi s& quen thudc hon v6i du thuyén mot than thuong duge sir dung &
nhirng ving mén nudc sau va song lang. Nhung ngay nay, tau hai than catamaran ngay cang
phd bién va chiém wu thé hon tir khong gian, tién ich, chay ém va c6 thé neo & mén nudc can.

Hinh 1.1 Tau cao tdc hai than tai Viét Nam.
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Phuong tién bé mit khong ngwoi ldi 1a phuong tién van hanh trén mat nude bing
phuong thirc diéu khién tir xa, tu dong hodc ban ty. Con dugc goi la tau bé mat khong ngudi
lai (USV) hoac phuong tién bé mat ty hanh (ASV).

Hinh 1.2 Phuong tién bé mit khong ngudi l4i USV.
1.2.2. Mt s6 phwong tign khong nguwoi ldi trén bé mdt nwéc

Trong nhing thap nién gan day, Catamaran da phat trién mot cach nhanh chéng va tro
thanh mot dang giao thong bién khé pho bién.

Phuong tién khong nguoi 14i mit nude dau tién trén thé giéi do Nikola Tesla phat minh
va ché tao nam 1898 mang tén “Ngwoi may vo tuyéen”.

USV Piranha do Cong ty Cong nghé Zyvex ché tao, 14 loai tau tuan tra khong nguoi 1ai
hién dai nhat cua MY hién nay, thyc hién nhiém vu chéng cudp bién va giam sat hang hai tam
xa. Nam 2011, chiéc USV Piranha dau tién xuat xuong va duoc bién ché cho Hai quan My.

Hinh 1.3 Tau tuan tra khéng nguoi lai Piranha.
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USV Starfish 1a loai da nhiém do Tap doan Cong nghi€p Hang khong I-xra-en nghién
ctru ché tao duoc trang bi hé théng phao, tén ltra va cac vii khi khac, nhu voi rong, thiét bi
gy choi mat, choi tai; ¢ kha nang trinh sat, giam sat, tim kiém va tan cong tiéu diét cac muc

tiéu trén bién.

Hinh 1.4 Tau da nhiém Starfish.

1.2.3. So lwoc thiét ké phwong tién khong ngwoi ldi logi Catamaran
C6 thé thay, phuong tién khong nguoi 1ai mit nude ¢6 nhiéu uu diém va tiém nang rat
16n trong linh vuc quan su. Theo cac nha san xuat, mot phuong tién khong ngudi 13i s& co
nhiing bd phan nhu sau:
1. USV’s platform: Nén tang ciia USV.
2. Boat load measurement and control system: Hé thong do ludng va diéu khién tai trong.

— Hg¢ thong c6 chuc nang quyét dinh dén cong nang, chat lugng va hi¢u qua cua viéc dicu
khién tai trong cua tau.

3. Meteorological measurement system: Hé thong do luong khi tugng.

— Hé théng c6 chirc ning do cac thong sb trang thai trong khong khi tai cac chd co do phan
giai cao, chinh x4c (4p suat, nhiét do,...).

4. Water quality monitoring system: Hé théng quan tric méi trudng.

— Heé thdng c6 chirc nang phan tich chét lwong nudc & mdi truong song, ao, bién. Bén canh
do, hé thong dugc két ndi véi may tinh dé xir 1y luwong nude thai.

5. Electric outboard: Dién ¢ phia ngoai tau.

— Nguon dién c6 chirc nang st dung khi c6 van dé€ khan cap xay ra.
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6. Spectral measurement system: Hé théng do quang phd.

— Hé thdng ¢6 chuc niang do va xac dinh dugc nhitng phd song.

7. Water sample collection system: Hé thong 1dy mau nudc.

—> Heé thdng c6 chirc nang giam sat chat luong nude, dong chay va diéu kién thuy vin trong
moi truong bién.

8. Obstacle avoidance sensor: Cam bién

—» Cam bién gitip mo hinh tranh dugc cac vat can, cdc chudng ngai vat.

9. 4G camera: May anh 4G.

— May anh 4G c¢6 chtric nang ghi hinh lai nhitng khung canh, canh vat, vat canh va cling nhu
moi truong ma mo hinh hoat dong.

Water qualty Electric =
monitoring system outboard "
meteorological \
measurement system .
UsVvs
platform
measurement and A
control system

Water sample
collection system

Obstacle
avoldance sensor

Hinh 1.5 Cac bd phan chinh cta phuong tién bé mat khong nguoi 1ai.
% Co ché hoat dong cua phuong tién bé mat khong ngudi 14i:

- Trén tau: bo tri may tinh dé c¢6 thé nhan dugc tin hi€u do con ngudi truyén dén dé diéu
khién mo hinh.

- Trén dét lién: con nguoi sé truyén tin hidu bang bo phan diéu khién thong qua may tinh
bo tri trén tau dé diéu khién va thuc hién cac hoat dong da duoc thiét 1ap.
1.2.4. Tinh wu viét, wng dung va vang hoat dong

+* Tinh wu viét

- Khéc véi loai mot than, su ton tai cla hai than sé tao nén thanh phén strc can b sung.
Tu do, lam tang d0 nhot chat 1ong gitra hai vé dan dén anh huong dén:

- Su gia ting d6 nhét chat 1ong 1am ting ma sat bé mat
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- Sy khong ddi xtmg ciia dong chay bén dudi mdi than vo tao nén dong chay ngang, dan
dén hinh thanh lyc ngang va gy thém mot thanh phan strc can.

< Ung dung

- Thu thap dit liéu dé 1ap ban dd, xac dinh d6 sau day song ho, bién....

- Khao sat, kiém tra chit luong nudc ¢ song hd, nhirng khu vuc kho tiép can va phic tap.

% Vung hoat dong: khu vuc phat trién loai tau nay 1a cac tuyén bién ngan, cu ly biéu thi

tinh wu viét vuot troi cua Catamaran.

1.3. Cic thong sé kich thwée co ban thiét ké Delf 372 Catamaran

Bang 1.1 Thong sb kich thudc co ban cia Delft 372 Catamaran.

Pai lwgng Ky tuw Thong s6 Thlf
nguyén
Chiéu dai giita cac dudng nudc vudng goc Lpp 10.43 m
Chiéu dai duong nudc Lwi 10.00 m
Bé rong toan bo B 3.152 m
Bé rong nira tau b 0.8 m
S6 Froude Fn 0.3 -
Mén nuéce T 0.55 m
Cao d6 trong tam KG 1.02 m
Hoanh d0 trong tam LCG 4.72 m
Gia tdc trong truong g 9.81 m?/s
Léc doc Kxx 1.208
Ban kinh quay Lic ngang Kyy 2.712 m
Quay tro Kz 3.113
0,45, 90, 135, 180 do

Goc xoay

Sinh vién thyc hién: Nguyén Thi Hong Nhung
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Chuwong 2: THIET LAP MO HINH TiNH TOAN ON PINH VA CHUYEN PONG CUA
TAU CATAMARAN

2.1. Mo hinh va dic diém tau Catamaran
2.1.1. Mo hinh

Ngay nay, Catamaran duoc sir dung rat rong rii va phd bién cho nhiéu muc dich khéac
nhau. Pam bao vé do an toan, kha niang diéu dong, kha nang chéng chiu, d6 6n dinh ngang
6n dinh. Mi quan tAm toan cau ddi v6i van dé bao vé moi truong ludn 1a van dé chua c6 hdi
két. Hién c6 hon 1000 phuong tién bé mit khong ngudi lai loai Catamaran chuyén do6i dugc
cap bang sang ché trén toan thé gidi.

Deflt 372 Catamaran la mot trong nhirng loai tau nhiéu than, vé mat hinh hoc bao gém hai
ntra than tau. Cau hinh ndy mang lai nhiéu loi thé hon so véi cac loai tau mot than xét vé tinh
kha thi cua thiét ké va hoat dong cua no.

e ad .
; ‘\I/,x
_ y
Hinh 2.1 M6 hinh Delft 372 Catamaran.
2.1.2. Dic diém phén vé ciia tau Catamaran

a) DPac diém hinh hoc

- Hinh dang phan vé: dang hong tron — phan chuyén dong giita day va man c6 goc luon
kha 16n. Loai nay thuong dung véi cac Catamaran c6 lugng chiém nudc, toc do thap.
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Hinh 2.2 Phan hong ciia md hinh Delft 372 Catamaran.

» BO tri vo: Catamaran doi xung c6 hai ntra vo doi xirng qua duong tam cua no.

LPP=1043(+

1152 S=1548 H=3100

b=5§00 = ==SS=S===5¢ == =

==

Hinh 2.3 Hinh dang mé hinh ddi xtng.
b) Pic diém dong hoc
- Catamaran hoat dong & ché do Froude thip (Fn < 0,7) thudc loai tau thong thuong.

- Delft 372 Catamaran st dung trong Ansys Aqwa voi van tbc v=3m/s va F,=0,3 duoc
chon cho Delft 372 Catamaran dé tinh toan trong truong hop nay.

2.2. Diéu kién thiét ké

Khi xem xét thiét ké ciia Delft 372 Catamaran 1 xem xét cac luc tac dong 1én tau khi tau
di chuyén trén nudc tinh.

Trong do 4n nay, em thyc hién nghién ciru chuyén dong cua tau hai than trén séng diéu
hoa va tinh toan on dinh cta tau. Ngoai ra, em sir dung phuong phap phan tir bién c6 trong
phan mém Ansys Aqwa dé phan tich su trong tac giira tau va song. Cac thanh phan tac dong

1én tau bao gdm: sdng ti, song nhidu xa va séng phan xa. Thong qua phuong trinh chuyén
dong & trén cc thanh phan chuyén dong cua tau s& duoc xac dinh.
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Piéu kién tinh toan va tan sb song dugc lya chon dya trén phd song Pierson -Moskowitz
dugc sir dung trong trudng hop nay. Tai pho séng nay, nang luong song co gia tri phu hop
v6i diéu kién hoat dong ctia tau trong diéu kién ving bién can. Trong truong hop ndy, tac gia

lya chon tan song nam trong khoang [®1,m2]=[0.2, 3.2] (rad/s) chon lam khu virc xem xét
chuyén dong cua tau.

Hinh 2.4 Pho séng Pierson Moskowitz.

% Hudng song: 1a sy két hop giira phuong chuyén dong cua tau va phuong chuyén dong
cua song.

- Xac dinh hé théng ba truc toa d0 nhu hinh:
+ Truc xo dit theo huéng di chuyén cia tau.
+ Heé truc (o, Yo, o) dugc str dung dé xac dinh song t&i
+ Mait phang ZY thang hang véi myc nude tinh va z huéng 1én trén.
+ D6i véi hudng song téi tir phia trude (u=180°) thi tan s6 gip nhau 16n hon tan so tuyét
doi .
+ 0 hudng song vung dudi (u=0°) tan suét va cham thép hon va c6 thé béng 0 khi van tdc
tau bang van téc pha cua song.
+ Huong song: 0°, 45°, 90°, 135°, 180°.

907

45¢

. Hirdémg song

Hinh 2.5 M6 ta dinh nghia hudng song cua tau.
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Chuwong 3: COSO LY THUYET VA TINH TOAN PAC TRUNG ON PINH CHUYEN
PONG CUA TAU TREN SONG PIEU HOA

3.1. Co sé ly thuyét
3.1.1. Phwong trinh chuyén dong tong qudt va hé toa dp ciia tau

Khao sat chuyén dong tau trong hé toa do ¢d dinh OXYZ va hé toa dd Gxyz gén vao than
tau. Cac thanh phan chuyén dong cua tau bao gom co6 ba thanh phan chuyén dong tinh tién
Xb, Yb, Zb VA thanh phan chuyén dong quay ¢, 0, v tuong ing voi céc truc X, y, z.

X=[xyz¢0 vyl (3.1)

Zyd

Ty
~ X

Hinh 3.1 Cac hé toa do va thanh phan chuyén dong cia tau.

«» Trong do:

+ O: gdc toa d6 nam trén mat thoang cia chat 1ong.

+ X: truc hudng theo huéng di chuyén cia tau.

+ Y: truc hudng sang trai.

+ Z: truc huéng thang ding 16n trén.

+ G: trong tam tau.

+ Gx: truc doc theo phwong chuyén dong tinh tién cia tau.

+ Gy: truc ngang hudng sang man phai tau.

+ Gz: truc ding hudng 1én trén.
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+ O: géc toa d6 nam trén mat thoang ctuia chat long.
+ X: truc hudng theo hudng di chuyén cua tau.

+ Y: truc hudng sang trai.

+ Z: truc huéng thang ding 18n trén.

Chuyén dong tau 1a chuyén dong diéu hoa tuyen tinh va co6 sy tac dong cua lyc kich thich
vi vdy ta c6 phuong trinh vi phan chuyén dong tong quét cua tau:

Yoo [(Mj + Aj )X + B X + CipX] = Fie'; j=1+6 (3.2)

Tai truong hop nay, Delft 372 Catamaran c6 than tau dbi xtmg qua mit phang XZ véi toa
do trong tam tai G(0,0,Zg). Vi vay, lan luot ta c6 ma tran khoi lugng, ma tran h¢ s6 khoi
luong nude kém va ma trdn h¢ s6 can c6 dang nhu sau:

M0 0 0 My, 0
0 M 0 My, 0 0
v 00 Mo 0
Jk 0 My, 0 I Ly (3.3)
My, 0 0 0 I 0 '
0 0 0 Ly 0 I
Ay 0 A3 0 A5 0
0 Ay 0 Ay 0 Ay
dmy|A O A 0 A 0
S N N PR R R (Y
Ay 0 Ay 0 As 0 G4
0 Ay 0 Ay 0 Ag]

_Trong truong hop nay Delft 372 Catamaran chuyén dong trén mit thoang vi vay hé s6 phuc
hoi thuy tinh c6 dang:

00 0 0 0 0
00 0 0 0 O
C: O O C33 C34 C35 O (35)
O O C43 C44 C45 C46
O O C53 C54 CSS C56
00 0 0 0 0]
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3.1.2. Cdc phwong trinh chuyén déng co bin va diéu kién bién ciia tau

- Céc phuong trinh chuyen dong co ban cua tau trén song diéu hoa dya trén ly thuyet dong
thé va cac gia thiét sau dé giai dugc phuong trinh chuyén dong trén. Diéu can thiét dé giai

dugc phuong trinh trén thi can phai tinh toan cac thanh phan lyc giam chén, luc tu do song

t61 va khéi luong nude kém. Dong thé 1a mot trong nhitng phuong phap tinh c6 d6 chinh

xac cao va thoi gian tinh toan ngan va nhanh chéng.

- Céc gia thiét doc st dung duya trén 1y thuyét dong thé:

+ Tau chiu dao dong cudng birc cuia song dudi dang la song di€u hoa c6 bién d¢ nhd so

vO1 chiéu dai cua no.

+ Chat 16ng khong nhét, khong nén duoc va dong chay khong xody.

- Trong trudng hop khi tau chuyén dong véi van tde khac khong thi vec to dao dong tau

dudi tac dong cua song kich thich c6 dang:

—_—

X =Ut+x
% Trong do:

+ U= U,,U,,0): van tdc chuyén dong tién cua tau so voi hé toa do cb dinh.

+ X :toadd cua diém trong hé toa do c¢d dinh.
+ x:toa do cua diém trong hé toa do di dong.
- Phuong trinh (diéu khién) Lapalace (trong mién chat 1ong Q):

8(0 62(/) o’p 0o
8x2 oy’ az

- Diéu kién bién tai mit thoang z=0:

(i, +U.V)2(o+ga—(p=0
0z
2
w,=0- Ucos,B
g

% Trong do:
+ : tan sO goc.
+ U= |U|: van toc tau.

+ PB: goc giita phuong chuyén dong cua tau va phuong cua song téi.
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- biéu kién bién trén bé mat vat thé

0 .
a—g::—za)enj+Umj (3.10)
(ml,mz,m3):(O,O,O),(m4,m5,m6)——%ﬁxﬁ (3.11)
o9, —09,
—=-—" 3.12
on on (3.12)
- Diéu kién bién tai day ving nudc c6 chibu siu d:
0
X 0tiz=d (3.13)
/4

- Thé van téc séng bi tri€t ti€u & vung rat xa so voi vi tri tau.

|

~ T 1

R—ow
Q—>0

Hinh 3.2 Diéu kién bién.

- Thé van tbc cua truong dong chay bao quanh than tau bao gom c6 thé van toc cla song
t6i, thé van toc cua song nhiéu xa va thé van tdc ciia song phan xa la:

DX, 1) = Ago(Xjei‘”‘"

(P[Xjew‘j — |:((P1 +(pd)+z¢” ij:|elw”’

J=1

(3.14)
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*

¢ Trong do:

+ A: bién dd cua song toi.

+ : tan s goc cua song toi.

+ @1 : thé vén tdc séng toi.

+ @ 1a thé van tdc cua song nhifu xa.

+ @y 1a thé van téc song phan xa do thanh phan chuyén dong thit j tao nén.
- Ap suét thuy dong duoc xac dinh theo phwong trinh Bernoulli:

p=pliopx)+U.Vo(x) e

- Luc Froude-Krylov, luc phan hdi va luc buc xa duoc xac dinh:

Fy==p| {(ia)e +UV)g, (})} n,ds
So

Fy=—p| {(ia)e +UV)g, (})} n,ds

F

ik

, , | = -
= a)fA].k +io,B, = —za)epj (n, +;U Vn,)g, (x)dS

So e
¢ Trong dé:
+ So la dién tich mat udt trung binh cua vo tau.

- Céc vec to don vi trong cac phuong trinh dao dong dugc dinh nghia nhu sau:

()= 5 ()= rxn

¢ Trong do:

+ T3 ;; : vec to toa d§ cua mdt diém trén bé mat vo tau so vl trong tam tau.

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

- ,
Truwong hop U =0 va we=m, thay vao phuong trinh (3.9) dén (3.19) sé€ xac dinh dugc cac
phuong trinh diéu khién, diéu kién bién, ap sut va luc thay dong khi tau ding yén chiu dao

dong cudng birc ciia song nudc.
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3.1.3. Toan tw bién dj dap vrng

% Phuong phap dao dong tuyén tinh theo mién tan sé:

[xjm} _ H[Fj] (3.20)
1
H:{_ ez(Mjk+Ajk)—ia)ijk+Cjk} (3.21)
> Trong d6: H: ham truyén
T

T —— :T[xjm} (3.22)

1 0 0 ]

0 1 0

0 0 0 0 0 <y
r=0 00 0 (Zpm=Zgm)  ~(Ypm=Ygm) G2

00 0 (Zpm~Zgm) 0 (X pm = Xgm)

00 0 (Yom=Yem) ~(Xpm—Xem) o

3.2.  On dinh tau nguyén ven
3.3.1. Dinh nghia va phan loai
» Dinh nghia

- On dinh tau 13 kha ning cta tau chdng lai cac tac dong cua ngoai luc da day tau khoi vi
tri can bang ban dau dé dua tau trd lai vi tri can bang, khi ngoai luc khong con tac dong.

» Phan loai

- On dinh tinh: khi momen gy nghiéng thay d6i tir tir trong thoi gian tac dong thi coi 1a
momen tinh, 6n dinh trong trudng hop nay goi 1a 6n dinh tinh.

- On dinh dong: khi momen gay nghiéng thay d6i dot ngot trong thoi gian tac dong thi coi
momen dong, 6n dinh trong truong hop niy goi 1a 6n dinh dong.

3.3.2. Tinh todn én dinh tiu
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Hinh 3.3 Cac thanh phan tic dong 1én tau.

Bén kinh tdm nghiéng ngang:
1
BM =~
\%
Trong do6 toa do tam ndi doi dén vi tri mai:
4 4
Y= J.BM(qo) cospdp Z= IBM(go) sin od @
0 0

Cong thirc tinh canh tay don 6n dinh GZ véi goc nghiéng 16n:
GZ =Ycos® + (Z — KB)sin® — asin®
Toa d6 tAm ndi doi dén vi tri moi:
Y, =Y-BM, sin® Z, =(Z-KB)+BM, cos®
Khoang cach GM, khi tau nghiéng vé1 géc 1on

GM, :%GZ:Ysind>+(Z—KB)cosq)—acos<D

Canh tay don o6n dinh:
GZ =L, —KGsin®
Momen 6n dinh

Mph =DxGZ

Sinh vién thyc hién: Nguyén Thi Hong Nhung Hudng dan: TS. Nguyén Tién Thira
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% Trong do:
+ KG: chiéu cao trong tim.
+ KM: chiéu cao tim nghiéng.
+ G: trong tam tau.
+ M: tdm nghiéng ngang.
+ B: tam noi.
+ BM: ban kinh tadm nghiéng ngang.
- GM la thuée do do doc cua duong cong 6n dinh.
+ GM cang 16n, thi M, ting nhanh, tau trd lai vi tri 6n dinh nhanh chéng.

+ GM cang bé, dién bién do thi s& dién ra cham, kha ning chdng tra ngoai lyc khong 16n
M,n nhanh chéng tré vé 0 hodc 4m.
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Chuong 4: MO PHONG, PANH GIA KET QUA MO HINH BANG PHUONG PHAP
TOAN TU BIEN PO DAO PONG - RAO

4.1. Gi6i thiéu tdng quan vé phan mém Ansys Workbench
4.1.1. Dinh nghia Ansys Workbench

Ansys Workbench 13 mét trong nhiéu chuong trinh phin mém cong nghiép sir dung
phuong phap phan tir hitu han dé phan tich bai toan vét Iy — co hoc, chuyén cac phuong trinh
vi phan, phuong trinh dao ham riéng vé dang s6. Bén canh d6, Ansys Workbench 12 mot phan
mém manh duoc phat trién va tng dung rong rii, né c6 thé dap Gmg cac yéu cau ndi trén cua
co hoc.

4.1.2. Loi thé ciia Ansys Workbench

- Kha ndng nhap mo6 hinh hinh hoc: Ansys Workbench cho phép xdy dung cac mé hinh
hoc 2D va 3D vdi cac kich thude, hinh dang don gidn hoéa. Bén canh do, Ansys
Workbench ¢6 kha ning mé phong theo mé hinh hoc véi cac diém, dudng, mé hinh
phan tir hiru han voi cac nit va cac phén ti.

- Kha nang chia ludi tét: Ansys Workbench cho phép chia lugi phan tir do nguoi sir dung
hodc tu dong chia ludi. S6 lugng nat va phan tir quyét dinh dén do chinh xac cua bai
toan nén can chia ludi cang nhd cang tot.

- Tich hgp cac cong cu.
- Kha ning két hop theo hai huéng véi Autocad, Rhino, ...
4.1.3. Ung dung ciia Ansys Workbench trong linh vwc tau thuy

- Phan mém Ansys c6 nhiéu tmg dung dé nghién ciru trong linh vuc k¥ thuat tau thuy
nhu:

+ CFD duogc st dung dé tinh toan luc va mémen tac dong 1én bé mit vo tau

+ Ansys Aqwa str dung md phong thuy dong luc hoc chuyén dong cia tau.
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Hinh 4.2 Ung dung Ansys Workbench trong céc linh vuc.

Ansys Workbench 1a phan mam duoc ding dé mo phong, tinh toan, thiét ké cong
nghiép, da va dang str dung trén toan thé gidi trong hau hét cac linh vuc ky thuat:

- Két cAu — Co hoc — Structural.
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Hinh 4.3 Ung dung Ansys Workbench trong két cdu co hoc.
- Nhiét — Thermal.

Hinh 4.4 Ung dung Ansys Workbench trong nhiét.

- Dong chay, bao gdm ca mo phong sé dong luc hoc dong chay — Computation Fluid
Dynamics.
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Hinh 4.5 Ung dung Ansys Workbench trong dong luc hoc dong chay.
- Vi try hang khong

Hinh 4.6 Ung dung Ansys Workbench trong vii tru hang khong.

- Ngoai ra, Ansys Workbench dugc tng dung trong linh vuc dién, tinh dién — electric,
dién tr - magnetic, thuy khi — fluid.

4.1.4. Cac budc qua trinh mo phong
% Trinh ty qué trinh gidi bai toan trong Ansys Workbench bao gém cac budc sau:
> Bude 1: Tién xir Iy — Phdn tich van de.

- Xac dinh loai bai toan: Bai toan dong chét khi hay bai todn nhiét, ...
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- Chon mo hinh tinh toan 2D hay 3D.

- Tuy vao hinh dang cia mé hinh tinh toan ma chon kiéu phan tir thich hop.

» Buwoc 2: Tao mé hinh va chia lwoi

- Day la budc quan trong vi két qua tinh todn phuy thudc nhiéu vao viéc tao md hinh va
chia luoi.

- MO hinh héa hinh hoc 3D bang cac phdn mém chuyén dung dé tao mé hinh nhu:
AutoCad, Solidwork, Catia, .... Sau d6, chuyén vé dudi phu hop chuyén mé hinh vao

Ansys Workbench, néu dung truc tiép trén Ansys Workbench thi c¢6 thé chuyén phan
tich ngay.

- Chia lu6i:

+ Chia luéi ty dong hay thi cong: Chia ludi tu dong c6 uu diém 13 nhanh nhung doi
khi khong chinh x4c & nhirng chd co bién dang thay ddi dot ngdt. Nguoc lai, chia
ludi thu cong sé& ton rat nhidu thoi gian, nhung c6 két qua chinh xac. Vi vay can két

hop chung lai dé tao ra mot ludi mong mudn.

+ Bén canh d6, sé luong nit va phan tir quyét dinh dén d6 chinh xac cua bai toan.
Ludi cang day sé& cho ra két qua chinh xac, nhung nguoc lai s& tén nhiéu thoi gian
dé giai va doi hoi mdy tinh phai c¢6 cau hinh cao.

+ Kiém tra ludi.

> Budc 3: Pt tdi va diéu kién bién
- Xac dinh tai trong dau vao anh huong dén qua trinh tinh toan: Trong luc, ap sut, nhiét

d6, van toc...Chi xét nhitng thanh phan tai anh hudng dén bai toan.

- Két hop voi cac diéu kién bién da duoc thio luan ¢ trén: diéu kién tiép xuc, diéu kién
khong truot. ..

» Buoc 4: Chay chuwong trinh
- Sau khi thyc hién hét 3 budc trén, ta tién hanh giai bai toan:

+ Thiét 1ap thudc tinh dong chay.
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+ Thiét 1ap budc 1ap cho 151 giai: giam sai s6 trong khoang cho phép.
+ Chay chuong trinh dé giai bai toan.
> Bude 5: Két qua
- Céc két qua duoc luu vao file dit ligu.
- Xuét dit liéu duoc tinh toan va luu trir: dit lidu o thé xuit ra dudi dang dd thi, anh...

- Pé mo hinh héa va tinh toan mé hinh Delft 372 Catamaran ta sit dung muc
Hydrodynamic Diffraction trong méi trudng Ansys Workbench va phan mém hd tro
x4y dung mo hinh 1a AutoCad. Trinh ty qué trinh giai bai toan trong Ansys Workbench

bao gom cac budc sau:

v A v B
il ~ Geometry gl T Hycrodynamc Diffraction |
2 @ Geometry v 82 @) Geometry
Geometry 3 @ Model
4 a Setup
5 | &1 Solution
6 9 Results

Hydrodynamic Diffraction

N

CIESIS S LS

Hinh 4.7 So d6 khdi cta giao dién phan tich thiy dong luc hoc Ansys.
4.2. Gi6i thiéu tong quan vé cic phwong phap phan tir bién

4.2.1. Phwong phdp phan tir bién Boundary Element Method

- Phuong phap phan tu bién (BEM — Boundary Element Method) la mét phuong phap
tinh toan sd dé giai cac phwong trinh vi phan dao ham riéng tuyén tinh.

% Phuong trinh phan tich chuyén dong chat 1ong

- Dua trén ly thuyét tich phan bién Green loai 2

[ (Gliww)- ¢—)dS+—¢( z)=—¢(x 2) (4.1)

SHB
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- Phuong trinh trén dugc viét dudi dang ma tran BEM
X' (K-0’M)X¢ =-iwpX"L,® (4.2)

- Cac thanh phﬁn H va G duoc xac dinh sau:

0G(x,, vz, &1,

H, =] SAERRIY (4.3)
S on

Gy =[G (x.3,2.6,.1,.¢))dS (4.4)
N

% Trong do:
+ 1ij=1.... Téng sb panel mit day két cau, mit day bién.
- Phuong trinh két cau:

X' (K-0’M)X¢ =—iwpX"L,® 4.5)
- Bién cua cac mode dao dong:

O =(AD - po’’B(K —a’ M) %CD,»C (4.6)

¢ =—iwp(K-ao’M)" L,® 4.7)

% Uu, nhuoc diém va tng dung cta phuong phap phan tir bién BME
> Uu diém
- Giam d¢ phtrc tap vé kich thudc gitp giam thoi gian tinh toan.

- Phén tich va giai t6t cac bai toan tuyén tinh, bai toan rap trung Ung suit lién quan dén
vat li¢u k¥ thuat, trang thai 6n dinh.

» Nhuoc diém

- Khéng gian ba chiéu phai dong nhat.

- Khéng hiéu qua ddi v6i cac bai toan phi tuyén.
> Ung dung

- Puogc st dung bao gém trong co hoc chét 16ng, am hoc, dién tu...
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Hinh 4.8 Ung dung phuong phap phan tir bién BME trong co hoc.
4.2.2. Phwong phdp phan tir bién Response of Amplitude Operator
- Response of Amplitude Operator (RAO) 1a mot thong ké k¥ thuét, ¢6 chirc ning chuyén
giao mot cach hi¢u qua duogc stir dung dé xéc dinh tac dong ma mot trang thai bién s& gay
ra d6i v6i chuyén dong ctia mot con tau trong nude. Mot RAO chuyén dong cho thiy

than tau di chuyén bao nhiéu trong mdi bac tu do.

< Vidu:

L)

- Mot RAO chuyén dong phap phdng s& cho thdy mot than tau s& di chuyén 1én va xudng
bao nhiéu trong mét loat cac chu ky séng bién. S& c6 mot dudng cong RAO khac nhau

cho mdi béc tu do cua than tau.

- Trong truong hop tau ché hang, viéc bo sung hang hoa 18n tiu can thyc hién cac bién
phap cai thién 6n dinh va ning hang héa dich chuyén trong tau. Thi viéc tao ra cic RAO
& giai doan thiét ké cho phép cong ty dong tau xac dinh duoc cach stra d6i can thiét vi Iy

do an toan hoac cai thién hi€u suat.

% Phuong phap dao dong tuyén tinh theo mién tan so:
m ] =[] 55
5 -1
H= {— A (Mjk + Ajk)—za)ijk + Cjk} (4.9)
> Trong d6: H: ham truyén
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T
ET—— :T[xjm} (4.10)
1 0 0 0 0 0 ]
010 0 0 0
00 1 0 0 0 i
T=[0 0 0 0 (me ng) —(Ypm ng) (4.11)
00 0 (Zpm—Zgm) 0 (X pm =X gm)
00 0 (Ypm—Tgm) ~(Xpm—Xgm) o

4.3. MOb phéng md hinh, phan bé céac lwe trén md hinh bing phin mém Ansys Aqwa
4.3.1. Xdy dung mo hinh

M3 hinh tau Delft 372 Catamaran c6 hinh dang d6i xtng. Mic du hinh hoc twong dbi don
gian nhung van thé hién duoc day du tinh ning cia mot con tau.

[y
- o U RERE v Ay SERAARNGAT D des M
L SL BV P LV I &
— - »
[ el e Tl — P tene P

[ el o LI T T TR

@ M - — b T

Hinh 4.9 M6 hinh Delft 372 Catamaran trong Ansys Aqwa.

4.3.2. Cdc gid thiét va giéi han nghién civu ciia bai todn mé phéng

- Khi thyc hién mo phong, dé phu hop voi kha ning tinh toan ctia may tinh nhung van
dam bao dugc tinh dung dén, d6 tin cay va sy tuong thich cua bai todn nghién ctru voi

thue té, d6 an st dung cac gia thiét sau day:

+ MO hinh v6 tau 1a tuyét ddi cing, khong xay ra su bién dang cta vo tau trong sudt

qua trinh md phong.

+ B qua qua trinh ma sat gitta vo tau va nudc bién.
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4.3.3. Tinh todn, thiét Idp cdc thong so bai todn mé phéng trén phian mém Ansys Ansys

4.3.3.1. Xay dung moé hinh moé phong

Workbench

Hinh 4.10 So db lam viéc ciia Ansys Aqwa.

Outline u

- [ Project

E- Model (A3)
Elf[ﬁ Geometry
- M Part 3
/B lower1
‘,ﬁ lower2
‘,ﬁ deck
v ,L.. Part 3 Axes
: ‘,'31 Structural Mass

- »& Fixed Points

Bl (lifl Connections

i~ Connection Data
....... o/ % Mesh
- ‘/G] Hydrodynamlc Diffraction (A4)
: -‘,r"\ Analysis Settings
(1% Structure Selection
¥, Wave Directions
i O Wave Frequendies

D Solution (AS)
‘,'ﬁ\, Pressures and Motions
o P {k Parameters vs Frequency
B Hydrostatic
” il Parameters vs Frequency

Hinh 4.11 Cay b0 giai AQWA.

- Ansys Aqwa sir dung cac mo hinh phang (2D) va mé hinh khong gian (3D) trong md
phong.

- Mb hinh 2D ¢6 uu diém l1a xay dung mé hinh, chia ludi, chay bai toan ton it thoi gian,

khong yéu cau ciu hinh may tinh qua manh va do do tiét kiém dugce chi phi. Tuy nhién,

Sinh vién thyc hién: Nguyén Thi Hong Nhung Hudng dan: TS. Nguyén Tién Thira 28



Thiét ké phwong tién bé mdt khong nguoi ldi loai Catamaran
- mo0 hinh nay chi khuyén céo st dung doi véi cac két cau don gian. Hon nira, m6 hinh
loai nay khong moé ta dugc day du ban chat cua mo hinh.

- Trong dai da sb cac bai toan mé phong, ngudi ta dr dung mé hinh 3D. M6 hinh loai

nay c6 nhitng vu diém sau:

+ Mo ta ding ban cht vat Iy caa mo hinh.

+ MO ta chi tiét cac thong sd cua dong chay trong toan b khu vuc mé phong.
+ Ap dung dugc cho moi dang mo hinh hinh hoc.

- Tuy nhién, mé hinh 3D c6 nhugc diém 16n 13 s6 lugng phan tir 16n dan dén yéu cau

c4u hinh mdy tinh manh, thoi gian mé phong dai, ton chi phi nhiéu so véi mé hinh 2D.

- Vi nhiing phan tich trén day, dé thuc hién viéc mo phong tinh RAO tau Delft 372
Catamaran dap ung yéu cau vé do chinh x4c va dd tin cdy cao sinh vién da lgya chon

mo hinh mé phong dang 3D.

- M0 hinh 3D Delft 372 Catamaran mo phong dugc xay dung dya trén cac thong sé kich

thudc co ban ¢ trén bang phan mém AutoCad.

+ Tién hanh x4y dung trong phan mém thiét ké tau AutoCad mé hinh tau dang hong

tron, bo tri hai ntra vé do1 xing qua dudng tdm cua no.

+ Gbc toa dd duoc dit tai vi tri duong tam vai cac gid tri & bang 1.

Hinh 4.12 M6 hinh Delft 372 Catamaran trong phan mém AutoCad.
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4.3.3.2.

Nhap mé hinh tau vao Ansys

- Sau khi dung xong mé hinh, tién hanh luu file dudi dang dudi Iges.

A Sxpoet Data

19 206 T 12002 00t

B b A IRC S - 20K

P el

- m e X

Date =~ Tyt

> 6 30 P WInHAR ZIP archiree

Wiewy = Tools -

WinRak Zif archive

Hinh 4.13 Luu file du¢i dang dudi IGES.

7 Unsaved Project - Workbench

Flle View Tools Unitz Extenslons

e WD
L) [ || el |l | Project
mlmport... ] «'p Raconnect | Refresh F
Toobox - n

[ Analyziz Systems |
[k Coupled Fleld Harmonic
(£ coupled Fleld Modal
@ coupledField Statc
[f§ coupledFleld Transient
B3 Eigenvalue Buckling
&) Electric
¥ ExplicitDynamics
&) Fluid Flow - BlowMelding (Polyflov)
&) Fluid Flow- Extrusion(Polyflow)
&) Fluid Flow (CFX)
&) Fluid Flow (Fluent)
&9 Fluid Flow (Polyflow)

Harmonic Acoustics
HarmonicResponse
Hydrodynamic Diffracion
Hydrodynamic Response
IC Engine (Fluent)
LS-DYNA

LS-DYNA Restart

@) Magnetostatic

fil§ Modal

Ll Modal Acoustis

fily Random Vibration

fily ResponseSpectum

EEXERREE

7] Rigid Dynamis

Eﬂ Static Acoustis

f Static Structural

ﬂ Steady-State Thermal
@ Thermal-Electric

:J Throughflow

:J Throughflow (BladeGen)
[2) Topology Optimization
kel Transient Structural
¥ Transient Thermal

@ Turbomachinery Fluid Flow

Hinh 4.14 C4ac modun Ansys Workbench.

- Vao Ansys Workbench — O vi tri Toolbox - Hjp céng cu chon muc Hydrodynamic
Diffraction — Nhiéu xa thuy dong luc hoc.
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| B Analysis Systems ~
[ Coupled Field Harmanic
[@ Coupled Field Modal
[® caupled Field Static
[@ Coupled Field Transient
3 EigenvalueBuckling
(&) Electric
[ Explicit Dynamics
@ Fluid Flow - Blow Malding (Palyflow)
@ Fluid Flow- Extrusion(Polyflow)
& Fluid Flow (CFX)
@ Fluid Flow (Fluent)
{3 Fluid Flow (Polyflow)
Harmonic Acoustics

Harmaonic Response
i HydrodynamicDiffracion I
Hydrodynamic Response

&4 1 Engine (Fluent)
¥ LsDYNa
[ L5-DYNARestart

Hinh 4.15 ToolBox cua Ansys Workbench.

- Nhap chudt phai vao 6 Geometry — Hinh hoc — Import Geometry — Nhdp hinh hoc —
Browse — Tim kiém théng tin — Chon tap tin mé hinh tau da dung trong AutoCad —
Nhap Open — Mé dé mé tap tin nay — Nhép phai 6 Geometry — Hinh hoc — Chon muc
Edit Geometry — Chinh sira hinh hoc dé mé Design Modeler — Thiét ké mé hinh — Chon
Meter - M 1a don vi chiéu dai — Ok dé nhap mo hinh tau vao méi truong Hydrodynamic
Diffraction.

[7 Unsaved Project - Workbench
b~
& HYddeYﬂBﬂllC Diffraction Fie View Tools WUi-M Extensions Jobs Help

v

1

R e 980 | aeanr
3 é Model |
4
5
6

Metric (tonne,mm,s, °C,mA,N,mV)
ﬁ]lmport... ‘ +{Rec
1U.5.Customary (lbm,in,s, °F, A bf, V)
@ setp
Solution

1.5.Engineering (Ib,in,s,R,A,bf, V)
E Analysis Systems
9 Results

H

DesignModeler Unit System (m, degree)

@ Coupled Field Har
@ CoupledFieldMod +  Display Values as Defined

@| Coupled Field Stat Display Values in Project Units
@ Coupled Field Tran

Hydrodynamic Diffradion B EgenvalueBudin  Unit Systems...

Hinh 4.16 Thanh phan giao dién
Hydrodynamic Diffraction.

SISSISS

-

Hinh 4.17 Thay d6i don vi chiéu dai.
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4.3.3.3. Xdac dinh mat phéng dwong nwdoc va hé toa do

[
Rt e el Bt

OME e Y e MM v KN THRARAEACTD e M
W W L Lo h A A A
el . e

WPerm Sl s Ginmie M | Pl §) —

-
= B " A ————
P i
b T
VA e
-

8100 suee [t S [

- R e e tega 1 L]

Hinh 4.18 Heé toa d6 ctia mo hinh trong phan mém Ansys.

- Pinh nghia mén nudce tau nha”ip Create — Tao — Slice — Mt cit — Chon XYPlane — mdt
phang XY (chon mat phang XY 1am mit thoang nham chia mé hinh thanh hai phan) —
Chon muc Apply - Ung dung trong 6 Base Plane — Mt phang co sé trong hop Detail View
— Chi tiét — Nhap chon Generate — Tao dé hoan thién.

Y e ——— - 0 x
R S (% - MEEW - K0 SEERAQAEQAO R A 4 @ 0
| e - o

ren W Rervhe ..
| ) Siomcions Jtnrwste P iber Wymbagy (X Prewreten
.iz"“ "‘i - .-.."_Qn-. B Comemmrom

] - e
F 4% Tt Padad Mt

@ Wruseachs Fund
| e Bt

N Dwrte

Arnge vy [P s |

Hinh 4.19 Xac dinh mit phing duong nudc.
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Details View 4 %%, Edit Selections
Insert L
| Details of Slice1
: : Suppress

Slice Sliced Suppress & All Below

Slice Type | Slice by Plane I, Show Dependencies

Base Plane | X{Plane 2 _Delete

Slice Targets | All Bodiies R

&b Rename {FZ}

Hinh 4.19 Chon XYPlane lam mat thoang. Hinh 4.20 Nhén chon Generate hoan thién.

- Nhip chudt vao truc Y dé dua tau vé mdr phang ZX — Chon BodyOpl trong 6 Tree
Outline — Phat thao — Nhap gia tri vao FD5 Z — Xac dinh vi tri mén nudc chia mo hinh
tau thanh hai trén mat nudc va dudi mat nudc — Nhép chon Generate — Tao dé hoan
thién.
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Hinh 4.21 M6 hinh tai mit phang ZX.
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Details View )
[-I| Details of BodyOp1
Body Operation | BodyOp1
Type Sew
Bodies 2
Create Solids? | Ves
Tolerance Narmal
Merge Bodies | Yes

Hinh 4.22 Tai BodyOp1 nhap gié tri cdc thong sb can thiét.
4.3.34. Thiét ldp cdc thong sé vit Iy

- Trong Hydrodynamic Diffraction nhip vao muc Model dé nhap mé hinh vio méi
truong Hydrodynamic Diffraction 1a Ansys Agqwa.

-

&
g
NENEN £ £§

Hydradynamic Diffradion

Hinh 4.23 Thanh phian Model trong méi trudng Ansys Aqwa.
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- Thiét 13p hodc bo sung cac thong s6 vat 1y ciia mo hinh tau dang xét trong 6 Details of
Geometry — Thong so hinh hoc chi tiet.

D 4 v (W rain UL hol
R I R ™ SRR " L

AuTem TerRAaaBQan

Ko e-s0fan

n-_'
SR Sr—
e o o
W Dy g
[, T o v
-t T
e ‘ﬂ-
e o - e (A
T Doy Contn. | Dot o Lowe ke Dt
L L L
Semedlown 10 :
Tt ot ot Tt L
v_',' T Lt e el -
- mpont Pratonesces
el Ld Baaes -‘
0N A B T
im0 C— — :
. L
AL PATIERD N LT A - )
LU S Vi W S .
Details P
-|| Details of Geometry
Name Geometry
Aftached Assembly Path | E:\Delft372Seakeeping\Detft372model180deg. .
5 .
[ | Water Depth 300m
[ Water Density 1025 kg/m®
|| Gravity 980665 m/s®
Water Size X 200 m
Water Size Y 200 m

Stability/ Time Response-Specific Options

Tube Drag Coeffidents | Defined in Line Bedy Detais
|| Seabed Infine Friction ... | 0.0
["] Seabed Lateral Frictio... | 0.0

—|| Composite Cable Seabed Definition

Seabed Type No Composite Cable Seabed
=|| Import Preferences

Import Sclid Bodies No

Import Surface Bodies Yes

Import Line Bodies Yes

Hinh 4.24 Thiét 1ap cac thong so vat 1y.
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- Thiét 13p toa do

@ 4 e Pl wtam AW Mo - .0 x
i dmem e B ey dEme TR SERAREQOR N @- 00 Ran

—— T

e A0

TN LT

g P he ey : [t Memby Peoe Gage”  Pepesorwts

Hinh 4.25 H¢ toa d6 lam vi¢c trong moi truong Ansys Aqwa.

Outline ¥ Details [
B [H] Project =l Details of Part 3 Axes
== @] Model (A3) N Part 3 Axes
= ‘,. Geometry ame
o B Part 3 Visibiity Visible
‘,~ lower 1 —|| Axes Alignment
- M lower2 Aignment Method Global Axes
[‘, . Part 3 Aes Rotation About Global Z | 0.0°
Wiy Rotation About Local Y~ |0.0°
%.; 4 Fixed Paints Rotation About Local X~ | 0.0°
- v Connections .
0 s Url-t Vector X [1, 0.0, 0.0]
[].....«Q Hydrodynamic Diffraction {A4) Unit Vector ¥ [0.0, 1, 0.00
Unit Vector Z [0.0,0.0, 1]

Hinh 4.26 Gia tri thiét 1ap hé toa do Part 3 Axes.
- Thiét 1ap va gan khéi luong cho mé hinh tau.

- Nhap thong sb Structural Mass — Khoi lwong két cau dé mo ta ma tran khdi luong tau:
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Hinh 4.27 Gan khoi Iugng cho mo6 hinh.
Details o
Jutline =] Detaits of Structural Mass
= Project Name Structural Mass
H Visibaity Visibie
= @ Model (A3) Activity Not Suppressad
|_:_|.....¥‘ Geometry I=/| Point Mass Properties
i Maos Defrtion | Manual Defintion
= ,,‘ Part 3 0 0e i .
Iy 0.0m
I'Z 0.608 m
| Mﬁsn 306{ kg

=] Inertia Properties
Define Inertia ...| Radius of Gyration

Kxx 1.064 m
| Kyy 26m
| Kzz 266m
1xx 3457 421184 kg.m*
| Ixy 0.0 kg.m*
....... . % Mesh e Yo
B «Q Hydrodynamic Diffraction (A4) Iyy 2064504 kg0
lyz 0.0 kg.m*
lzz 21446 715 kg m?®

Hinh 4.28 Nhap gia tri khoi luong, momen.
+ Dbién thong $6 toadd X, Y, Z.
+ K, Kyy, Koz

+ Ixx, Iyy, Iz
4.3.3.5. Chia luoi
- Thiét lap thong sb ludi bang cach nhap vao Mess trong Outline va nhap thong sé vao 6
Details of Mesh — Chi tiét vé luéi — Nhap céc gia tri Defeaturing Tolerance, Maximum

Element Size — Kich thuéc phan tir toi da, Maximum Allowed Frequency — Tan s6 toi da
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- cho phép — Chon lai Mesh — Lu6i 13 Program Controlled — Kiém sodt chwong trinh dé
chuong trinh ty kiém soat viéc chia ludi. Tiép tuc nhép muc Mesh — Luoi trong muc
Outline — Chon General Mesh — Tao ludi dé chuong trinh tu dong tao ludi chia cho mo
hinh tau.

Jutline ?”‘k $
= Project zz::fu
- @ Model (A3) i Conrai Tyze Basic Convols
El-, M Geometry ! e
- i Part 3 Defesting okmcs 056
‘,ﬁ lower1 NadwmEemertSes  Oim
. «E lower? Naxum Mowsd Freque. | 4092 ad's
) B deck Nesting Typs Program Contoled
Sy 2 Part 3 Axes 36 Mesh -
- v 'fil Structural Mass T‘”’f ’:m ‘Fﬁf
‘., Fixed Points o e -
[ ‘,[%] Connections ﬁﬁ:‘: = ==
“@ Mesh S ~
- [=] Hydrodynamic Diffraction (A4) o B
Feid Paris o

Hinh 4.29 Nhép gia tri Mesh.

Y S ————
S IR T TR ZPRARAAMACT A G- SDB LN

b ) R L T e T —

by e N R Ty —_— =]
| Doyl Stevel Yopy_Seget” Semapads

Hinh 4.30 Chia luéi md hinh.

- C6 thé thay doi thong s6 dé tao lai ludi chia nhung qua trinh tinh sé& rat 1au, do d6 nén

chon kich thudc ludi chia sao cho phu hop.

- Nha”ip vao muc Units trén thanh cong cu dé dinh dang lai hé don vi cho bai toan, trong do

lru ¥ thay d6i tan sé Hz.
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@ A Hydrodynamic Diffraction [AQWA Pre]

| File Edit View |Units Help || BB | </~ | [A) @~ || [ [
|M5h fGenerat km rated Mesh |%Sizing L5
9

= ction (A4)
Ibf
kip
Details e — 1
=| Details of Mest _ 2d
—I| Defaults | v deg
Control Type Hz
=/ Mesh Param.te!T rad/s
Mafoah mna T,

Hinh 4.31 Thay d6i don vi trong qu4 trinh dién gia tri.
4.3.3.6. Tinh todn va phén tich bang phwong phdp todn tir bién dé dao dpng
- Pén day, mo hinh tau khao sat d3 duoc chuan bi sin sang cho viéc tinh va phén tich thay
dong luc hoc, vai cac cong cu can thiét da c6 sdn trong muc Outline nhu Analysis Settings
- Thiét ldp cac phan tich — Structure Selection - Lwa chon két cau — Wave Directions -

Hudng song — Wave Frequencies - Tan so song.

i o e R ) a

LI N B Sl TRAN ZAMAARQATSL §- 220 un

[ e T 1 S,
e L o T i ey
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Details
Details of Analysis Settings

=|

MName

Analysis Settings

External Operation before ..

None

External Operation after 5...

MNone

Parallel Processing

Program Controlled

B —
(enerate Wave Grid Pres..
————————————

Wave Grid Resolution

Yes

Standard (81 x 51)

Wave Grid Size Factor

2

C 1 Analysis Opti
Ignore Modeling Rule Viol... | Yes
Calculate Extreme Low'Hi... | No
Include Multi-Directional W...| No

MNear Field Solution

Program Controlled

Hinh 4.32 Céc thong sb thiét 1ap phan tich trong muc Analysis Settings.

Linearized Merison Drag

QTF Options

Calculate Full QTF Matrix | No
Output File Options

Source Strengths MNo
Potentials No
Centroid Pressures Mo
Element Properties Mo
ASCI Hydrodynamic Data...| No
Example of Hydrodynamic... | No
Generate AHD Pressure ... | No

© A e Dituacace (ADWA Pu

B il e ot e (B G A e

SeRAREAQO

¥” @ 20Ram

D Gaomeny 4 Fumd S 4 5 Bapet oo/

o ?1 e vp

Hinh 4.33 Lua chon két ciu trong muc Structure Selection.

Sinh vién thyc hién: Nguyén Thi Hong Nhung

Huéng dan: TS. Nguyén Tién Thira

logtm Vecty fose N Sagie™  Pagumcs el



Thiét ké phwong tién bé mat khéng ngieoi ldi logi Catamaran

- R e L S

il e o s W AN TRR SLARARNQAOTEN @ 00D e

AT
¥ LS ey
b Cavecay
B
" Pprmtasnn (W ot (1X)
L At b
.
%, W S
N e Pvaeron
Es T T
N
Bt —
e e i
v B
T e DrwDr Poeart oame
ima '
Www Db "

tn b e

e Ve N B e

Hinh 4.34 Thiét lap hudng séng trong muc Wave Direction.
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Details q
-l| Details of Wave Frequencies
Mame Wawve Frequencies
Intervals Based Upon Freguency
=l Incident Wave Frequency/Period Definition
Range Manual Definiticn
Definition Type Range
Lowest Frequency Definii. .. | Manual Definition
Lowest Frequency 0.2 rad/s
Longest Period 3141583 s
Highest Frequency Definiti.| Manual Defintion
Highest Frequency 3 radis
Shortest Period 20844 5
Mumber of Intermediate Va..| 27
Interval Frequency 0.1 rad/s
|| Additional Freguencies A
Additional Range | MNone
|| Additional Freguencies B
Additional Range | None
|| Additional Freguencies C
Additional Range | MNone
-|| Additional Freguencies D
Additional Range | MNone

Hinh 4.35 Thiét lap cac gia tri trong muc Wave Frequencies.

R R R

[

Hinh 4.36 Gia trj tin s song.
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- St dung cong cu Solve Hydrostatics — Giai phap thuy tinh hoac nhap Hydrodynamic —
Thuy dong luc hoc véi hai tuy chon:

+ Calculate hydrostatics — Tinh todn thuy tinh dung dé tinh toan thuty tinh, gdm tinh toan

lwong chiém nudce va cac thong sb 6n dinh ¢ gdc nghiéng nho.
+ Compute full hydrodynamic properties and results — Tinh todn ddy di cdac dic tinh thuy
déng lwc hoc va két qud dung tinh day du thiy dong luc hoc.

- Trong qua trinh phan tich, chiing ta c6 thé chén thém nhitng tiy chon dé xuat ra cac két
qua tinh toan. Céc két qua tinh c6 sdn gdm Hydrostatic — Thuy tinh, Hydrodynamic — Thuy
dong luc hoc, Pressures and Motions — A'p sudt va chuyén dong

4.4. Két qui mé phong

- Lua chon cic tiy chon xuat két qué co trén thanh Properties — Pdc tinh va Hydrodynamic
Graphs — D6 thi thuy déng luc hoc dé xuat ra két qua tinh hodc cac dd thi va hinh anh
tuong Ung.
> Kétqua

e Pressures and Motion: phan bo 4p suat va chuyén dong cia mo hinh.

@ A bt (Wharbws (S04 Ry o
Mttt Ve bz o (] Jr We " T A0 SPTUEANNQATHN O 92D an

T T Ty M T A

Front F1 b oo Cwgmom Mucky Sexa M Mage’  Fugaesce wih

Hinh 4.37 Chuyén dong tau theo phuong Y van tdc 3 m/s, tan s6 2.6 rad/s.
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Hinh 4.38 Chuyén dong tau theo phuong Z vén tdc 3 m/s, tan sb 2.6 rad/s.

P ueciuty - g

. Contrass of it Wapctuoe in Structie Sefectian

o

Inodant Wave Heght m

[CMessages ), Tmeline L1000 7 ]

Hinh 4.39 D thi biéu thi chuyén dong tan sb song F = 2.6 rad/s.
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Details 4
—/| Details of Pressures and Motions
Mame Pressures and Moticns
Structure Selection Part 3
-/ Result Selection
Frequency 2.6 radis
Direction 0.0°
Incident Wawve Amplitude 0.1m
Result Type Phase Angle
‘Wawve Position (Phase) Sequence
Number of Steps 36
=|| Contour Selection
Contour Type Structure Interpolated Pressure
Water Elements Shown Az | Opague
Pressure Measurement Head of Water
—|| Component Selection
Include Incident Wave Yes

Include Diffracted Wawe Yes
Include Radiation Wave Yes

Inciude Hydrestatic Varying | Yes

—|| Results
Minimum “alue -0.210585248002264 m
Maximum “Value 0.210595273250474 m

Hinh 4.40 Két qua cac gia tri chuyén dong.

4
A

e Parameters and Frequency: thong so va tan so.

Trong qué trinh thyc hién do an tot nghiép véi dé tai “thiét ké bé mat phuong tién
khong nguoi 14i loai Catamaran” em da trinh bay cac thanh phan chuyén dong cua Delft
372 Catamaran trén song diéu hoa & cac tan sd va hudng song khac nhau. Trong ving
nudc can, ba thanh phan chuyén dong cac tac dong 16n dén hoat dong ctia tau nhiéu nhat
bao gom lic ngang, lic doc va chuyén dong dap dénh. Nhitng két qua hinh 4.42 — 4.47
trinh bay két qua cua cac thanh phan chuyén dong trong cac trudng hop hudng song 0°,
45°,90°, 135° va 180°.

Ngoai ra, dé kiém nghiém d6 chinh xac ctia phuong phap mé phong, sau khi qua trinh
thuc hién d6 4n c6 duogc két qua tinh toan tién hanh dem so sanh véi két qua thi nghi¢m
ctia Debarata Sen va Amresh Negi. Vé cac chuyén dong ctia Delft 372 Catamaran. C6 thé
thdy rang, két qua ctia phuong phap RAO kha gan véi dit liéu va két qua so sanh. Vi vay,
em chon phuong phap RAO sé tiép tuc duge str dung dé mo phong chuyén dong cia Delft
372 Catamaran trén song diéu hoa ¢ khu vuc nude can trong truong hop nhiéu hudng

song khac nhau.
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C6 thé thay truong hop chuyén dong dap dénh dat gia tri cuc dai bang 1.5 truong hop
song co chidu dai 3 1an chiéu dai tau. Dbi voi chuyén dong lic ngang, tai truong hop nay
xay ra trudong hop cong huéng tai trang thai song ngang va goc pha cua chuyén dong lic
ngang léch 90° so véi goc pha cua song. Chuyén dong nay dat gia tri cuc dai bang 0.7
truong hop song c6 chiéu dai 2.6 1an chiéu dai tau. Cubi cing, chuyén dong lic doc dat
gia trj cuc dai bang 0.55 truong hop séng ¢ chidu dai 2.2 1an chiéu dai tau. Va 1éch pha

90° so v&1 pha cua song trong truong hop song ngang.
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Hinh 4.42 So sanh két qua chuyén dong dap dénh véi Fr=0.3 va p=180°.
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: A o e 7,00E-01
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Hinh 4.43 So sanh két qua chuyén dong lic ngang véi Fn=0.3 va u=180°.
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Hinh 4.44 Chuyén dong tién lui theo cac hudng soéng khac nhau.

Sinh vién thuc hién: Nguyén Thi Hong Nhung

Hué6ng din: TS. Nguyén Tién Thira
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% Chuyén dong dat ngang
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Hinh 4.45 Chuyén dong dat ngang theo cac hudng song khac nhau.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Hudng dan: TS. Nguyén Tién Thira
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% Chuyén dong dip dénh
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Hinh 4.46 Chuyén dong dap dénh theo cac hudng séng khac nhau.

Sinh vién thuc hién: Nguyén Thi Hong Nhung

Hudng dan: TS. Nguyén Tién Thira 50
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< Chuyén dong lic doc
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Hinh 4.47 Chuyén dong lac doc theo cac hudng song khac nhau.

Sinh vién thuc hién: Nguyén Thi Hong Nhung

Hué6ng din: TS. Nguyén Tién Thira
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% Chuyén dong lic ngang
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u=180°
Hinh 4.48 Chuyén dong lac ngang theo cac hudng song khac nhau.

Sinh vién thuc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira
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< Chuyén dong quay tré
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Hinh 4.49 Chuyén dong quay tr¢ theo cac hudng song khéac nhau.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Hudng dan: TS. Nguyén Tién Thira 53



Thiét ké phwong tién bé mat khéng ngieoi ldi logi Catamaran
e Luc nhieu xa - diffraction, luc Froude-Krylov - froude-krylov, buc xa nhi¢u song -
radiation damping va khoi lugng tang thém - added mass.

% Chuyén dong tién lui
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Hinh 4.50 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
g6c 0°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 54
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Hinh 4.51 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 45°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira
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Hinh 4.52 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
g6c 90°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 56
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Hinh 4.53 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 135°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira



Thiét ké phwong tién bé mat khéng ngieoi ldi logi Catamaran
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Hinh 4.54 Lyc nhiéu xa, luc Froude-Krylov, birc xa nhiéu song va khéi luong ting thém
goc 180°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira
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% Chuyén dong dat ngang
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Hinh 4.55 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi luong tang thém
g6c 0°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 59
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Hinh 4.56 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

goc 45°.

Huéng dan: TS. Nguyén Tién Thira
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Thiét ké phwong tién bé mat khéng ngieoi ldi logi Catamaran

30000

25000

2000

mi

= 15000

10000

5000
] 1 2 |

Rad/s

sl |1 (BB - (M)

el | Froude-Krglav - (Wfm)

TOOE3

G 0E=13

50E=3

d ME=13

W[ mE)

3O0E-(3

2 E=3

1. W0E=03

0.ME=m

a 1 ] 3

Rad/s

e 1 b 2 st Y- [NSTmyfs))

Goc pha

-100

-120

400

THIO

00

GEOD

B s

G400

GH10

G000

SE00

Radfs

ol |y i G OE pha) =¥ {")

el |yt Froude-K o (Gae phaj - ¥ [}

i) 1 2 3 4
Radis

i Kt ILrmip tng thém - Y (log)

Hinh 4.57 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

Huéng dan: TS. Nguyén Tién Thira 61
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Hinh 4.58 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

goc 135°.

Huéng dan: TS. Nguyén Tién Thira 62
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Hinh 4.59 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
gbc 180°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 63
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% Chuyén dong dap dénh
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Hinh 4.60 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
g6c 0°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 64
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Hinh 4.61 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém

goc 45°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung

Hué6ng dan: TS. Nguyén Tién Thira 65
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Hinh 4.62 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

g6c 90°.

Huéng dan: TS. Nguyén Tién Thira 66
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Hinh 4.63 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 135°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 67
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Hinh 4.64 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

goc 180°.

Huéng dan: TS. Nguyén Tién Thira 68
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¢ Chuyén dong lac doc
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Hinh 4.65 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
g6c 0°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 69
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Hinh 4.66 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
goc 45°.
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Hinh 4.67 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
g6c 90°.
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Hinh 4.68 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
goc 135°.
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Hinh 4.69 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 180°.
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Hinh 4.70 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi luong tang thém
g6c 0°.
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Hinh 4.71 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
goc 45°.

Sinh vién thyc hién: Nguyén Thi Hong Nhung Huéng dan: TS. Nguyén Tién Thira 75



Thiét ké phwong tién bé mat khéng ngieoi ldi logi Catamaran

80000 20
iitelbelbeliheliilicitheiiciititctittciilictithcictiaiiell
7mm 0
] 1 z 3 4
-20
60000
A0
. 50000 o
E 4m £ w
=z u
30000 3 oo
-120
20000
-140
10000
-160
0 -180
0 1 z 3 4 .
Rad/s Rad/s
i | 12 iR - Y (WP M e i b 2 (GAE pha) - BY {")
=8 Lisc Fraude-Krylov - BY (N.m/m] = | it Froude-Erghow (Goc pha) - BY ()
4000 60000
3500 T
50000
3000
40000
2500
= T
L
= 2000 £ 30000
E o
z [
1500
20000
1000
10000
500
o a
0 1 2 3 4 0 1 2 3 4
Rad/s Rad/s
e i e i s 88 RY-RY [N )] —e—Fhai lrong tang them - RY [kg.m]

Hinh 4.72 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
g6c 90°.
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Hinh 4.73 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
goc 135°.
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Hinh 4.74 Luyc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
gbc 180°.
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Hinh 4.75 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém

Sinh vién thyc hién: Nguyén Thi Hong Nhung

g6c 0°.

Huéng dan: TS. Nguyén Tién Thira
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Hinh 4.76 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 45°.
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Hinh 4.77 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
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Hinh 4.78 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiéu séng va khéi luong ting thém
goc 135°.
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Hinh 4.79 Luc nhiéu xa, luc Froude-Krylov, birc xa nhiu séng va khdi lugng tang thém
gbc 180°.
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Chuong 5: KET LUAN VA HUONG PHAT TRIEN

5.1. K&t luan nghién ciru cho phép rit ra mét sé két ludn sau:

Kha ning sir dung két hop phan mém thiét ké tau AutoCad, Rhino va phan mém phan
tich Ansys Aqwa dé thyc hién mé phong va phan tich thuy dong luc hoc cho bai toan
tau chuyén dong trén song 1a kha thi. Két qua nay ciing da dugc em st dung dé khao

sat mo hinh tau da co dﬁy du sb liéu thue nghi¢m va duogc trinh bay cu thé nhu trén.

Két qua nghién ctru cling s€ 1a co s& quan trong dé giai quyét nhiéu bai toan hién van
chua c6 dugc phuong phap nghién ctru va 161 giai chinh xac nhu chuyén dong tau trén
song di€u hoa, tinh strc can, phan tich anh hudéng cua song bién, cua cac tai trong trén

tau, ké cd tai trong long dén chuyén dong cua tau, anh huong cua lac v..v...

Két qua nghién ciru s& md ra nhiéu huéng nghién ciru quan trong trong linh vuc k¥
thuat tau thay, linh vuc van con nhiéu van dé chua duge nghién ctru tri¢t dé boi han ché
vé dicu kién thuc nghi€m, tham chi trong nhiéu truong hop 1a khong thé thuc hién duoc,

nhat 1a & di€u kién kinh té - k¥ thudt van con nhi€u han ché nhu nudce ta hi¢n nay.

Trong mang md hinh va chuyén dong Delft 372 Catamaran trén song diéu hoa & ving
nuéc can thue hién dua trén phuwong phap phan tir bién RAO ddi véi cac hudng song

khac nhau cac két luan duoc em rat ra nhu sau:

+ Keét qua md phong dugc danh gid, kiém nghiém va kiém tra c6 do chinh xé4c cao

khi dugc so sanh vdi két qua thi nghiém cua tau cing loai.

+ Chuyén dong lic ngang khi thyc hién chuyén dong nay chua chinh xac vi trong qua
trinh thyc hién da bo qua sy anh huong cua lyc cadn nhat. Vi vay, can tiép tuc kiém

tra va danh gia cac thanh phan chuyén dong nay trong 1an nghién ctru tiép theo.
5.2. Huéng phat trién
- Nang cao tinh ning ty dong hoa, ting kha ning hoat dong doc laoj trong diéu kién
moi trudng phuec tap.
- Nang cdp USV theo hudng chi huy kiém soat, chia sé thong tin va phéi hop lién lac
nhanh chong.
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- Mo rdng va kéo dai pham vi hai trinh lién tuc.

- To1 uwu hoa cau tao.
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