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MO DAU
1. Tinh cép thiét ciia luin an

Trong qua trinh hang hai, con tau luén chiu tdc dong ctia ngoai lyc nhu
song, gi6. Kha nang ty tro lai vi tri can bang khi ngoai luc ngimg tac dong 1a
yéu cau co ban dé tau tiép tuc hanh trinh an toan trén bién. Kha ning nay 1a
tinh on dinh cta tau. Pé dam bao tinh 6n dinh cua tau, sy quan hang hai va
céc bén lién quan phai tinh toan, ddnh gia va duy tri tinh 6n dinh cia tau theo
céc tiéu chuan ciia IMO nhu: Tiéu chuan chung cho tau hang theo Bo luat
quéc té vé On dinh nguyén ven (IS Code), ngoai ra con c¢o tiéu chuan dic biét
cho mot s6 loai tau nhu tau chd gd, tau ché hang 16ng, tau chd hang hat roi...
Mit khac, tiéu chuan danh gia 6n dinh khi tau bi hu hong con dugc qui dinh
trong Coéng udc qudc té vé an toan sinh mang con ngudi trén bién - SOLAS
74 stra d6i, bd sung nam 2014 [28].

Theo théng ké cua t6 chic Allianz, tir naim 2009 dén 2018, c6 tat ca 1036
vu tai nan ¢c6 muc thiét hai nghi€m trong, trong dé tai nan chim tau chiém sd
lugng 16n nhat (551 vy) va gilt & mirc cao hang nam (tr 46+132 vy). Ciing
theo bao cdo tai nan cua to chirc ndy, sd vu tai nan lién quan dén tau hang roi
12 93 vu va hau hét (80%) cac nguyén nhan din dén chim tau 1a do tau khong
dam bao On dinh nguyén ven va 6n dinh tai nan [46].

Tinh 6n dinh cta tau bién néi chung, tau hang rdi ndi riéng dugce dic
trung boi hai thong s co ban, d6 13 chiéu cao thé virng (GoM) va canh tay
don on dinh tinh (GoZ). Van dé 6n dinh cia tau chu yéu phat sinh trong qua
trinh tau lam hang, bom x4 nudc dan va nhiing yéu té bat thuong anh hudng
dén 6n dinh tau trong qué trinh chay bién. Hién nay, viéc tinh toan, kiém tra
tinh 6n dinh tau thuong dugc thyuc hién khi 1ap ké hoach xép hang, trong qua
trinh xép hang, luc két thiic xép hang va danh gia 1an cudi trudce khi tau hanh
trinh. Mot con tau sau khi duoc danh gia ddy du theo tiéu chuan 6n dinh cua

IMO thi duoc coi 1a da diéu kién vé on dinh trude khi tau roi bén. Tinh 6n



dinh nay dugc mac dinh la an toan cho ¢4 qua trinh hang hai cta tau bién. Tuy
nhién, trong qua trinh hanh trinh, hang héa c6 thé bi x6 dich, hoa long, hu
hong an ti cta vo tau,..., 1am cho tinh 6n dinh caa con tau bi suy giam va cé
thé bi mat hoan toan, anh huong truc tiép té1 sy an toan cua tau, hang héa va
thuyén vién. Thuc té, trong nhitng tinh hudng d6, si quan hang hai gip nhiéu
khoé khan trong viéc tinh toan on dinh hién thoi caa tau. Hon nita, trong truong
hop tau phai diéu chinh nudc dan, si quan c6 thé chi quan khong kiém tra tinh
6n dinh cta tau trong qua trinh bom nudc dan. Viéc khong tinh toan kip thot,
day du tinh 6n dinh cua tau khi hanh trinh 12 mot trong nhitng nguyén nhan
dan dén cac tai nan dang tiéc: tau bi mat 6n dinh va bi chim dam.

Hang hoa trong van tai bién rat phong phu, da dang va duoc van chuyén
trén nhiéu chung loai tau khac nhau. Mot trong s6 nhitng hang hoa thuong
duoc chd trén tau chuyén dung 1 hang roi. Hang roi khi van chuyén & mét
diéu kién nhét dinh co thé bi nhio chay va dich chuyén, lam suy giam nghiém
trong tinh 6n dinh cua tau, khién tau bj nghiéng dan, cudi cung dan dén 14t
tau. Thoi gian tir lic tau bat ddu bi nghiéng dén luc 1at tau c6 thé dién ra trong
vai tiéng, vai ngay tuy thudc vao dic diém cua hang trén tau, diéu kién ngoai
canh, kha niang xur 1y tinh huéng cua thuyén trudng va sy quan trén tau. Thuc
té, nhiéu tai nan hang hai nghiém trong d xay ra d6i vé6i cac tau van chuyén
hang roi c6 tinh nhio chay, cudp di sinh mang ctia nhiéu thuyén vién va giy
ton that 1on vé hang hoa [36]. Pic diém chung cua céc tai nan nay déu 1a su
suy giam 6n dinh cua tau khong dugc phat hién soém va tinh 6n dinh cua tau
bi mat di khi tau hanh trinh trén bién. Do khong phét hién duogc sém nén sy
quan hang hai di khong dwa ra dugc phuong phap xir Iy, phuwong phép diéu
dong thich hop, lam tinh 6n dinh cia con tau cang suy giam hon din dén mat
hoan toan, két hop diéu kién ngoai canh bét loi thi cac tai nan dam tau xay ra

13 hoan toan khong thé tranh khoi.



Nhu vay, néu c6 thé lién tuc cap nhat dugc tinh 6n dinh cua tau hang roi
theo thoi gian thyuc trong sudt qua trinh hang hai, dua ra cac canh bao vé su
suy giam 6n dinh cua tau s& 1a mot trg gitp hiéu qua, quan trong véi sy quan
hang hai. Ttr dd, cac hanh ddng va bién phap xur Iy sém dugc dua ra, nang cao
an toan sinh mang cho con ngudi va con tau.

Do van dé 6n dinh cho céc loai tau kha rong, déng thoi tau chd hang roi
thuong phai van chuyén mét s6 loai hang c6 kha niang giy suy giam tinh 6n
dinh cho tau khi hanh trinh trén bién, nén “Nghién ciru thiét ké h¢ thong
thong bio 6n dinh theo thoi gian thwe cho tau hang roi” 1a mot van dé co
tinh thoi su va cép thiét cao, duoc lra chon lam dé tai luan an tién si nham
g6p phan nang cao an toan hang hai.

2. Tong quan cac cong trinh nghién ciru lién quan dén linh vyre nghién ciru
ciia dé tai luin 4n & trong nwéc va nwéc ngoai

Tinh hinh nghién civu trén thé gidi lién quan dén dé tai ludn én:

- Nam 2012, T4c gia Apostolos Papanikolaou, Pai hoc K¥ thuat qudc gia
Athens, Hy Lap, di viét bai bao “Muc dich cta tiéu chuan an toan va on dinh
tau bién”, cong trinh da phéc thao lai muyc tiéu va két qua thu dugc cua du an
GOALDS cuia ity ban chau Au vé danh gia cac cong thirc tinh x4c suit 6n dinh
hu hong trong chuong I1-1 cia SOLAS 74 cho tau hang kho, tau khach [21],
[49].

- Nam 2015, tac gida Mohamed Abdelkader Djebli, Benameur Hamoudi,
Omar Imine va Lahouari Adjlout, Khoa K¥ thuat co khi, Pai hoc Khoa hoc
Cong nghé Oran Mohamed, Algeria, dd viét bai bao “Ung dung dién thoai
thong minh trong viéc thir nghiém 6n dinh cuia tau”. Noi dung nghién ctru cua
bai bao dé cap dén viéc sir dung cam bién gia tdc co sin trong dién thoai thong
minh dé xac dinh chu ky lac ngang ctia tau, tir chu ky lac ngang xac dinh duoc

nhom tac gia ciing tinh toan chiéu cao thé viing cta tau théng qua cong thirc



duoc IMO khuyén cho. Két qua thyc nghiém duogc trinh bay trong bai bdo maoi
chi dugc thuc nghi€m trén tau moé hinh cé ty 1€ bﬁmg 1/25 ctia mot tau danh ca
thuc té [37], [47].

- Nam 2015, tac gia Shadman Sakib, Khoa k¥ thut hang hai va kién trac
hai quan thudc trudng Pai hoc K§ thuat va Cong nghé Bangladesh, d3 viét bai
béo “Thiét bi mdi dé xac dinh 6n dinh dong va xép tai dong cho tau ndi dia dwa
trén chuyén dong lac ngang ctia nd”. Bai bao da dé cap dén nguyén 1y xac dinh
on dinh cua tau thong qua chu ky lac ngang bang cach sir dung cac cam bién
goc gia toc, két qua nghién ciru chi dimg ¢ pham vi thuc nghiém trong phong
thi nghiém thong qua céc thiét bi tu ché va d6i twong nghién ctru cia tac gia la
cac tau thuyén nho hoat dong trong ving nude ndi dia ctia Bangladesh [44],
[48].

- Nam 2017, tac gia Przemystaw Krata, Wojciech Wawrzynski, Khoa
hang hai, Pai hoc Hang hai Gdynia, Balan, da viét bai bao “Duy doan vung nguy
hiém thong qua méi quan hé giira chu ky lac riéng va chiéu cao thé viing tuong
duong”. Bai bao trinh bay két qua nghién ctru sy anh hudng cia chu ky lic
riéng dén dic tinh phi tuyén cua dudng cong GZ va dé xuét can st dung chiéu
cao thé virng twong duong (GMeq) thay vi GM ban dau khi danh gia on dinh tau
[43].

- Lién quan dén thiét bi do nghiéng dién tir trang bi trén tau dap tng cac
tiéu chuan theo Nghi quyét MSC.363(92) ctia IMO thi trén thé gidi dd co mot
s6 cong ty dang chao ban san pham nay nhu: Cong ty TNHH Hang hai UC (UC
Marine Company Limited) [52], Cong ty TNHH K§ thudt Nanjing Ninglu
(Nanjing Ninglu Technology Co., Ltd.) [53] ciia Trung Qudc va Cong ty
Daniamant ctia Pan Mach [54]... Tuy nhién, cac thiét bi ndy méi chi ding &
viéc tinh toan cac théng sd goc nghiéng ngang, nghiéng doc va chu ky lic ngang

ctia tau, khong c6 chirc nang tinh toan 6n dinh tau theo thoi gian thuc cling nhu



canh bao xu hudng suy giam 6n dinh cua tau.

Tinh hinh nghién civu trong niede lién quan dén dé tai ludn dn

Bai bao “Mot sé khuyén nghi trong coéng tac van hanh tau hang roi co
nguy co hoa 1ong” cia tac gia Nguyén Kim Phuong, Bui Vin Hung dugc ding
trén tap chi Khoa hoc Cong ngh¢ Hang hai, truong Pai hoc Hang hai Viét Nam,
s6 46-3/2016 da dé cap dén hién twong hoa 16ng ctia hang roi dudi goc do vat
1y dé tir 46 dua ra cac khuyén nghi trong cong tac van hanh tau ché hang rdi co
nguy co hda long cho céac sy quan hang hai [10].

Niam 2018, cac tac gia Nguyén Kim Phuong, Nguyén Cong Vinh, Tir
Manh Chién d viét bai bdo “M6 phong tién trinh xép d& hang trén tau hang roi
phuc vu ddo tao va huan luyén hang hai” trén tap chi Khoa hoc Cong nghé Hang
hai, trudng Pai hoc Hang hai Viét Nam, s6 54-4/2018. Bai bao di mé phong
dugc viée tinh toan 6n dinh ciia mot tau hang roi cu thé trong qua trinh xép, do
hang tai cang dé phu vu cho viéc huén luyén, dao tao cho cac sinh vién nganh
diéu khién tau bién va cac sy quan hang hai [12].

Tir két qua cong bd cia cac cong trinh, c6 thé nhan thiy, cac cong trinh
khoa hoc trén chua dua ra dugc phuong phap tinh toan va danh gia 6n dinh cua
tau hang roi theo thoi gian thyc trong diéu kién hanh trinh, ciing nhu mot hé
thdng thiét bi hoan chinh cho phép tu dong tinh toan, hién thi cac thong sé dic
trung cho tinh on dinh cua tau theo thoi gian thuc va dua ra canh bao khi tinh

on dinh tau c6 xu hudng suy giam.

3. Muc tiéu nghién ciru

Muc tiéu ctia dé tai ludn an 1a thiét ké hé théng thong bao 6n dinh cia tau
hang roi c¢6 kha nang hién thi lién tuc cac thong sd dic trung cho 6n dinh nguyén
ven theo thoi gian thyc, xu hudéng thay doi gia tri va dua ra canh béo khi tinh
6n dinh cua tau khong théa man tiéu chuan quy dinh trong Bo luat 6n dinh

nguyén ven (IS Code 2008) ctia T6 chire Hang hai qudc té (IMO).



4. Pdi twong va pham vi nghién ciru

Pé dat muc tiéu deé ra, ddi tuong va pham vi nghién ctru cua dé tai luan an
dugce xéc dinh cu thé nhu sau:

- Péi tuong nghién ctru: Tau hang rodi, tinh 6n dinh cta tau hang roi,
phuong phap danh gia on dinh cta tau hang roi;

- Pham vi nghién ctru: On dinh nguyén ven cta tau hang roi khi hanh trinh

trén bién, trong diéu kién tau ndi can bang, khong bi nghiéng ngang tinh.

5. Phuwong phap nghién curu

Phuong phép nghién ctru khoa hoc 1a pham tru trung tdm cta phuong phap
luan nghién ctru khoa hoc. Phuong phap nghién ctiru khong chi 1a vin dé 1y luan
ma con 1a van dé ¢6 ¥ nghia thuc tién, do d6 viéc Iya chon phuong phap nghién
ctru pht hop s& gdp phan quyét dinh thanh cong cua dé tai.

Cac phuong phap duoc lua chon dé thuc hién dé tai luan an:

- Phuong phap phan tich va téng hop: Phuong phéap nay dugc st dung dé
tong quan cac cong trinh nghién ctru di céng bd lién quan dén dé tai luan an,
cling nhu hé thdng hoa co s& 1y ludn vé 6n dinh cia tau hang néi chung va tau
hang ro1 néi riéng;

- Phuong phap mé hinh héa: Pay la phuong phap mé hinh héa chuyén
dong lic ngang cua tau dya trén su thay doi cua goc nghiéng ngang dong cua
tau dudi tac dong cua ngoai luc theo thoi gian thuc. Trén co s& do, xac dinh
chu ky lic ngang cua tau hang roi khi hanh trinh trén bién;

- Phuong phép chuyén gia: Tham van chuyén gia hang hai vé viéc danh
gi4 tinh 6n dinh cta tau khi hanh trinh trén bién, cac yéu t6 anh huong dén tinh
6n dinh cta tau hang roi;

- Phuong phap ung dung cong nghé thong tin: Lua chon ngoén nghr 1ap
trinh va xay dung phin mém cua hé théng thong bao on dinh theo thoi gian

thuc cho tau hang roi;



- Phuong phap thuc nghiém: Phwong phéap thuc nghiém duoc ap dung dé
danh gia kha nang hoat dong va dg tin cdy cua céc thiét bi trong h¢ théng, cling

nhu danh gia, hiéu chinh va hoan thién hé thong.

6. Y nghia khoa hoc va thwe tién ciia dé tai
6.1. Y nghia khoa hoc

Trong gidi han ddi tugng va pham vi nghién ctru, dé tai luan an c6 ¥ nghia
khoa hoc nhit dinh trong linh vuc khoa hoc hang hai, thé hién sau day:

- Pé tai luan 4n da tong hop va hé thong hoa co s& 1y luan vé 6n dinh tau
va dic trung On dinh ciia tau hang roi;

- Dé tai luan an da dua ra phuong phap xac dinh 6n dinh tau mot cach lién

tuc theo thoi gian thuc dya trén chuyén dong lic ngang cta con tau.

6.2. Y nghia thuc tién
Bén canh ¥ nghia khoa hoc, dé tai luan an con mang lai ¥ nghia thuc tién
trong cong tac din tau an toan trén bién, cu thé:

X4y dung hé théng tich hop (phan ctng, phin mém) cho phép do, xtr Iy
thong tin 6n dinh tau theo thoi gian thuc, dua ra canh bao khi 6n dinh tau bi suy
giam, hé thong dd duoc thir nghiém va cho két qua tét;

Hé théng nay c6 thé ap dung trén tau hang rdi nham hd trg thuyén truong
va sT quan hang hai trong qua trinh din tau, gop phan dam bao an toan hang
hai.

7. Nhirng diém doéng gép méi ciia ludn 4n
7.1. Vé mat Iy lugn

Trén co s& thu thap, phéan tich, danh gid cac cong trinh khoa hoc da cong
bb tir trude ¢o lién quan dén dé tai luan 4n, c6 thé khang dinh mot sé diém dong
g6p méi ctia ludn an vé mit 1y luan nhu sau:

- Pé xuat phuong phap xac dinh chu ky lic ngang tir thiét bi do goc

nghiéng ngang cua tau hang roi theo thoi gian thuc;



- B¢ xuét thuat toan xac dinh chu ky lic ngang va cac thong sé 6n dinh
cua tau hang ro1 theo thot gian thuc;

- P& xuat mé hinh kién truc, chtic ning ciia hé thong thong bao 6n dinh
tau hang roi theo thoi gian thuc;

- Xay dyng phan mém théng bao on dinh tau hang roi theo thdi gian thuc
cho phép: tinh toan va hién thi tw dong gia tri cua chiéu cao thé virng va db thi
dudng cong canh tay don 6n dinh tinh mot cach lién tuc theo thoi gian thuc;

canh bao khi 6n dinh ctia con tau suy giam, khong dam bao tiéu chuan quy dinh.

7.2. Vé thuec tién khoa hoc chuyén nganh hang hdi

San pham nghién ctru cua dé tai huéng dén ap dung cho céc tau hang roi,
do d6 moi hoat dong nghién ctru déu gin lién v4i hoat dong ciia cac tau hang
roi, nhitng diém dong gép méi ctia luan an vé thyc tién nhu sau:

- Thiét 14p hoan chinh hé théng thong bao 6n dinh tau hang roi theo thoi
gian thyc bao gdm céc thiét bi phan ctng va chuwong trinh phan mém. Hé thong
c6 thé dugc xem nhu 13 céng cu hd tro si quan hang hai trong cong tac dan tau
an toan, gop phan phong ngira, giam thiéu hau qua sy ¢6 chim tau.

- Hé thdng ciing c6 thé duoc ing dung trong cong tac dao tao, huan luyén
s quan hang hai, sinh vién nganh diéu khién tau bién & goc d6 bod xung thém
kién thuec, k¥ ning vé 6n dinh tau hang néi chung va tau hang roi noi riéng.

8. Két ciu ciia luin an

Két cdu cta dé tai luan an gdm cac phan sau:

- Phan mo dau;

- Phan noi dung (gom 4 chwong):

+ Chuong 1. Co s 1y luan vé 6n dinh tau hang rodi theo thoi gian thyc;
+ Chuong 2. Tinh toan 6n dinh tau hang roi theo thoi gian thyc thong
qua chu ky lic ngang;

+ Chuong 3. Thiét ké va xdy dung hé thong thong bao on dinh tiu hang



o1 theo thoi gian thyec;
+ Chuong 4. Thyc nghiém hé thong thong bao 6n dinh tau hang roi theo
thoi gian thuec;

- Phén két luan va kién nghi;

- Phan tai liéu tham khao va phu luc.



CHUONG 1. CO SO LY LUAN VE ON PINH TAU HANG ROI THEO
THOI GIAN THUC
1.1. Khai niém chung vé tau hang roi

Tau cho hang ro1 1a loai tau dugc st dung rat nhiéu trong viéc van chuyén
hang hoéa trén thé gidi, né c6 thé van chuyén nhitng hang hoa ¢ dang tho (bulk
cargo) nhu than d4, quing sét, ngii coc, luu huynh, phé liéu khong c6 dong
thung hay bao kién va duoc chira tryc tiép trong cac khoang hang chdng tham
nudc cua tau.

Tau chuyén dung chd hang roi 13 loai tdu mot boong, co céu truc ving
chéc, c6 két hong va két treo & hai bén man ham hang dé 1am giam mit thoang
ham hang va d& diéu chinh trong tim tau khi can thiét. Tau c6 miéng ham rong
rai, thuan loi cho viéc xép d& hang. Him hang duoc gia cudng chic chin chiu
duoc su va dip cua hang hoa va thiét bi khi 1am hang.

Dbi voi nhitng hang héa co khdi lwong chuyén chd rat 16n thi phuong
thirc van chuyén dudng bién bang tau hang roi c6 thé gitp doanh nghiép giam
chi phi van tai hon so véi so voi phuong thirc chd hang bang container.

Strc chira ctia nhitng tau hang roi ¢ khoang 25.000DWT (Handysize), doi
v6i nhitng tau c6 stc chira trung binh (Panamax- tau dugc thiét ké theo tiéu
chuan dé co thé di qua kénh dao Panama) vao khoang 75.000DWT, c6 nhiing
tau v6i sirc chura rat 16n 1én dén hon 200.000DWT.

1.1.1. Kich cé ciia mgt sé tau ché hang roi

Handysize: tir 20.000DWT dén 40.000DWT;

Handymax: tir 40.000DWT dén 50.000DWT;

Supramax: tir 50.000DWT dén 60.000DWT;

Panamax: tir 60.000DWT tir 80.000DWT;

Post-Panamax (“ Baby capers”): nho hon 125.000DWT;

Capesize: tir 125.000 dén trén 200.000DWT, loai tau nay co6 thé phan

loai nhu sau:
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- Newastlemax: 12 loai tau dai nhét c6 thé vao dugc cang cua Newcastle,
Australia, strc chtra khoang 185.000DWT;

- Setouchmax: 1a loai tau dai nhét c6 thé hoat dong ¢ cac vung bién
Setouch, Nhat Ban voi strc chtra khoang 203.000DWT.

- V6i nhu cau van chuyén hang héa ngdy cang cao, mot sd con tau
VLCC (Very Large Crude Carrier-Tau kich thudc rat 16n van chuyén dau tho)
dang dugc chuyén doi sang nhitng con tau VLOC (Very Large Ore Carrier -
Tau kich thudc rat 16n van chuyén quing) véi strc chia trén 200.000DWT.
Do viéc van chuyén hang héa ning véi tai trong 16n, tudi tho cua nhitng con
tau ndy trén thuc té nho hon so véi thiét ké ban dau. [55]

1.1.2. Cdc logi tau hang roi co bdan

Tau hang roi cé thiét bi lam hang (Geared bulk carriers): La cac tau nim
trong pham vi kich thuéc handy dén handymax va mot sb it co kich thudc
panamax. Loai tau nay dugc trang bi can cau hodc bang tai cho phép tau co
thé xép, d& hang tai cang ma khong can thiét bi xép dd trén bo. Piéu ndy mang
lai su linh hoat cho tau trong viéc van chuyén hang v&i ) lugng 16n va céc
tuyén dudng tau c6 thé hoat dong, Hinh 1.1. [55]

—

Hinh 1.1: Tau hang roi c6 thiét bi lam hang

Tau hang roi khéng cé thiét bi lam hang (Gearless Bulk Carrier): La tau

khong c6 can cau hoac bang tai. Viéc x€p, do hang cua nhitng tau nay phu
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thudc vao thiét bi xép d& trén bo tai cac cang xép hodc dd. Loai tau nay co du
céc kich ¢@, kich ¢& 16n nhét 1a VLOC. Viéc str dung cac tau hang roi khong
c6 thiét bi 1am hang s& giam dwogc chi phi lap dat, van hanh va bao tri can cau

hodac bang tai, Hinh 1.2. [55]

Hinh 1.2: Tau hang roi khong c6 thiét bi 1am hang
Tau hang roi két hop OBO (Ore-Bulk-Oil Carrier) dugc thiét ké dé van
chuyén ca hang 16ng va hang roi kho. Néu ca hai loai hang nay dugc van
chuyén dong thoi thi chung s& duge chira trong cac ham va két riéng biét,

Hinh 1.3. [55]

Hinh 1.3. Tau hang roi két hop OBO

Tau hang roi tw do hang (Self-dischargers): La nhiing tau hang roi co

trang bi bang tai hodc sir dung gau xtic dugc lap trén mot duong chay ngang
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qua toan b ham tau va c6 thé di doc man tau. Piu ndy cho phép tau d& hang

nhanh chong va hi€u qua hon, Hinh 1.4. [55]

Hinh 1.4: Tau hang roi tu do hang

Tau hang roi BIBO (Bulk In, Bags Out — Xép hang roi, D& déng bao):
La céc tau dugc trang bi hé thong dong bao hang hoa khi hang hoa duoc d&
khéi tau. Tau CHL INNOVATOR (Hinh 1.5), 14 tau hang r61 BIBO. Trong
mot giod, con tau nay c6 thé dd 300 tan dudng roi va dong thanh cac bao 50

kg. [55]

Hinh 1.5: Tau hang ro1 BIBO



1.2. On dinh tau hang
1.2.1. Khdi niém én dinh tau hang

On dinh cua tau 1a kha ning quay tré vé vi tri can bang ban dau sau khi
ngoai luc gdy nghiéng bén ngoai ngirng tdc dong (gio, song...).

V&i mot vat thé, ¢ ba trang thai can bﬁng: do la can brfmg bén, can béng
khong bén va cin bang phiém dinh.

- Can béng bén 1a trang thai can bﬁng ma khi vat do bi ngoai luc tdc dong
1éch khoi vi tri cAn bang né s& tu trd lai hodic co xu thé trd lai vi tri cin bang
ban du.

- Can bang khong bén 1a trang thai cin bang ciia mot vat ma khi bi tac
dong cua ngoai luc day khoi vi tri can bang thi né bi mat can bang, khong thé
tro lai vi tri can bang ban dau nira.

- Can bang phiém dinh 1a trang thai can bang cua mot vat ma khi bi ngoai
luc tdc dong déy léch khoi vi tri can béng ban dau thi ¢ vi tri méi, nd tu xac lap
mot trang thai can béng moi.

Péi v6i con tau, dwa vao vi tri twong quan clia tAm nghiéng M va trong
tam G ma co thé xay ra mot trong ba trudng hop can bang nhu trén. Hinh 1.6

mo ta ba truong hop can bang ciia tiu nhu sau:

a) Can bang b) Cén bang phiém ¢) Can bang khong
bén GM>0 dinh GM=0 bén GM<0

Hinh 1.6: Cac trang thai cin bang cta tau
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- Tai Hinh 1.6 a: Trong tdm G nam phia dudi tim nghiéng M, khi tau
nghiéng, trong luc dat tai G va luc ndi dit tai B sé tao thanh ngéu luc. Ngéu luc
nay tao ra mod men c6 xu huéng dua tau tré lai vi tri can bang ban dau. Truong
hop ndy tau ¢ trang thai cin bang bén, hay tau on dinh.

- Tai Hinh 1.6 b: Trong tam G trung véi tdm nghiéng M, 1Gc nay trong luc
va lyc ndi ndm trén mot dudng thiang di qua tam nghiéng M, moé men do chiing
tao ra 1a bang 0, khong c6 xu huéng chéng lai chuyén dong nghiéng cua tau.
Truong hop nay tau ¢ trang thai can bang phiém dinh, hay tau khong 6n dinh.

- Tai Hinh 1.6 c: Trong tim G nam bén trén tim nghiéng M, lic ndy ngau
luc tao thanh do trong luc dat tai G va luc noi dit tai B s& sinh ra mot md men
cung chiéu véi chiéu nghiéng cia tau (c6 thé goi 1a mé men 1at) va nhu vay sé
1am cho tau nghiéng thém. Truong hop ndy tau & trang thai cAn biang khong bén

hay tau mat on dinh.

1.2.1.1. On dinh tau tai géc nghiéng nho

On dinh tau tai goc nghiéng nho: Piém M 14 tAm cua quy dao tAm ndi B,
& goc nghiéng nho, quy dao nay dugc coi 1a cung tron va do d6 diém M duoc
coi 14 ¢b dinh. On dinh cua tau & goc nghiéng nho, con goi 1a 6n dinh ban dau
phu thudc vao vi tri tuong quan gitra tdm nghiéng M va trong tam G. Khi G
nam tha”ip hon M, tau s& 6n dinh.

M6 men sinh ra do cdp luc P va Fb goi 14 md men hoi phuc va c6 do 1on
duoc tinh nhu sau:

M, = Px GM x Sin6

Hay M), =D x GM x Sin0 (1.1)

Véi D 1a lugng gidn nude cua tau.

M6 men hoi phuc cang 16n, tau c6 tinh on dinh cang cao.

Theo cong thic trén, & diéu kién cung mot lugng gian nudc D, cung mot

gbc nghiéng 0 thi do 1on ctia m6 men hdi phuc phu thudc vao do 16n cia GM.
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Hinh 1.7: Chiéu cao thé virng

Tai nhitng goc nghiéng nho, 6n dinh cia tau duoc danh gia bang do6 16n
ciia GM va GM duoc goi 1a chiéu cao thé viing cua tau.

Tt Hinh 1.7 c6:

GM = KM - KG (1.2)

Trong do:

KM 1a chiéu cao tdm nghiéng, duoc cho trong bang thity tinh hoic thudc
trong tai ctia tau voi déi s 1a lugng gidn nude D (hodc mon nudce).

KG 1a chiéu cao trong tdm cua tau dugc tinh theo cong thic:

Dy x KGy+ EPi x KG;
D

KG= (1.3)

Trong do6 :
- Do: 14 trong luong tau khong cho trong hd so tau.
- KGo: 1a chiéu cao trong tAm tau khong cho trong ho so tau.
- Pi: 1a cac thanh phan trong lugng trén tau.
- KGi: 1a chiéu cao trong tdm ciia cac thanh phan trong lugng so voi ky
tau.
- D: 1a luong dan nudc cua tau.

- Do x KGo: 1a mé men trong lugong tau khong so voi ky tau.

16



- ¥ Pi x KGi: 1a tong md men cac thanh phan trong luong khéc so véi
ky tau.

Dé xac dinh duoc diém G, phai xac dinh duogc toan bd cac thanh phan
1am 1én trong luong tau. Trong do, trong luong tau khong (bao gém than vo
va cac trang thiét bi hang hai can thiét) va toa dd trong tam tau khong, duogc
biét trudc va cho trong hd so tau boi cac xuong dong tau (chi sé Do, KGo).
Ngoai ra con cac thanh phan trong lugng khac bao gdm trong luong nudc
ballast, hang héa, du trir... Cac thanh phan nay c6 trong lugng va toa do trong
tam khac nhau tiy vao diéu kién cu thé nhung c6 thé tinh toan hodc tra tir cac
bang cho sén trong hd so tau.

1.2.1.2. On dinh tau tai géc nghiéng 1ém

Hinh 1.8: On dinh géc nghiéng 16n
Tai cac goc nghiéng 16n, quy dao tdm ndi B khong con 1a mot cung tron
nira nén tdm nghiéng M khong phai 1a ¢b dinh. Do d6, khong thé ding chiéu
cao thé ving GM dé danh gia 6n dinh cta tau ma dung dudng cong canh tay
don 6n dinh tinh GoZ dé danh gia 6n dinh cta tau & nhitng goc nghiéng 16n.
Tu Hinh 1.8 ¢6: Poan GoZ biéu thi canh tay don 6n dinh cia tau khi tau

nghiéng mot goc 0. Liuc d6, md men hdi phuc bang:
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M, =Dx GyZ (1.4)

Trong d6: GyZ = KN - KJ va KJ = KG, x Sinf (1.5)

KN t{ng voi cac goc nghiéng dugce tra trong hd so tau tai bang dudng
cong hoanh giao (Stability Cross Curves) véi d6i s6 13 luong gidn nude.

KGo 14 chiéu cao trong tdm cia tau di xét dén anh huong cua mit thoang
chét long.

Lac d6: GyZ = KN - KG x Sinf (1.6)

Dung duong cong GoZ:

- Tinh chiéu cao trong tam KGo theo GoM (dugc xéac dinh tir chu ky lac
ngang cua tau) theo cong thuc (1.2).

- Tr lvgng dan nudce tra vao Cross Curves Table trng v4i cac goe nghiéng
xac dinh duoc KN.

- Lap biéu tinh véi cac gbc nghiéng.

Béng 1.1 : Bang tinh cénh tay don GoZ

Sin® KN KGo.Sin0 GoZ
0 1 2 3 4=3-2
10 0.174
20 0.342
30 0.500
40 0.643
50 0.766
60 0.866
70 0.940
80 0.985
90 1.000
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- V& db thi duong cong GoZ tai cac goc nghiéng sau d6 danh gia 6n dinh
tau tir 46 thi duong cong nay theo quy dinh ctia Bo luat IS Code 2008.
1.2.2. Quy dinh ciia Bé ludt quéc té vé on dinh nguyén ven
1.2.2.1 Tiéu chuan doi véi dic tinh dwong cong canh tay don on dinh tinh [29]

a. Dién tich dudi canh tay don 6n dinh (dudng cong GoZ) khong nhé hon
0,055 m-rad tinh dén goc nghiéng 30° va khong nhé hon 0,090 m-rad khi tinh
t61 goc nghiéng 40° hodc goc ngap nude néu goc nay nho hon 40°.

Ngoai ra, phan dién tich duéi dudng cong GoZ niam gitta goc nghiéng 30°
va 40° hoac goc ngap nude néu goc nay nhod hon 40° khong duoc nhé hon 0,030
m-rad.

b. P9 16n cuia canh tay don GoZ tdi thiéu phai bang 0,20 m tai goc nghiéng
bang hodc 16n hon 30°.

c. Canh tay don 6n dinh tinh GoZ phai dat gia tri cuc dai tai goc nghiéng
t6t nhat 1a vuot qua 30° nhung khéng dugc nho hon 25°.

d. Chiéu cao thé virg ban dau sau khi di hiéu chinh anh huéng ctua mat

thoang chat 1ong GoM khong duoc nhé hon 0,15 m.

1.2.2.2 Tiéu chudn 6n dinh khi c6 tac dong cua gié gidt va ldc ngang (tiéu
chudn on dinh thoi tiét) [29]

Tau dugce coi la dam bao 6n dinh theo tiéu chuan khi con tau c6 du stc
chiu dung dugc tic dung dong thoi cta gid va séng phi hop voi cac yéu cau
dudi day:

- Gi6 lién tuc thoi vudng goc véi mat phang doc tam tau s& sinh ra mo men
lam tau nghiéng mdt gbe &, tuong tng véi tay don moé men nghiéng do gié gay

ra (/w7) (Hinh 1.9).
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Hinh 1.9: Tiéu chuan 6n dinh dudi tac dong cua séng gid

- Tr gbc & sinh ra do gi6 thoi déu, dudi tic dung cua song tau tiép tuc bi
nghiéng sang man theo chiéu gié6 mot goc nghiéng 6. Goc nghiéng & khong
nén vuot qua 16° hoac 80% goéc mép boong ngdp nudce (deck edge immersion)
néu goéc nay nho hon 16

- Tiép d6, gi6 giat tac dong va sinh ra canh tay don nghiéng /.2; va

- Tau coi 12 ddm bao on dinh khi dién tich b bang hodc 16n hon a.

Trong do:

Dién tich b duoc gii han boi duong cong GZ, dudng thang ing véi Iz
va goc nghiéng &, dugc lay 1a goc nho nhat trong cc goc sau: goc ngap nudc
&, hodc 6.(goc tmg v6i giao diém thir hai cuia duong cong 6n dinh tinh GZ véi
dudng thang 1,.2), hodc 50°.

Dién tich @ duogc gidi han boi dudng cong GZ, dudng thang tuong tng véi
lw2 va goc nghiéng tuong Gng vadi bién do chong chanh 6. (6. =6&- 6))

Tay don nghiéng /,:(m) dugc 1dy ¢b dinh cho moi goc nghiéng va tinh theo
cong thuec:

PxAxZ

L= 0003 g2D (1.7)
Trong do:
P=540Pa : Ap luc gi6
VA : Tay don htng gi6 1 doan thang dung do tir tim himg gid
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td1 dién tich hinh chi€u phan chim cua than tau trén mat déi xing, hodc gan

ding té1 nira chiéu chim cua tau.

A : Dién tich hung gid (m?)
D : Luong chiém nuéc cua tau (¢)
g : Gia tdc trong trudng 9.81m/s?

lw2=1,5 w1 : Tay don nghiéng do tac dong cua gid giat(m)
Goc nghiéng 6; (°) ctia tau hong tron dugce tinh theo cong thirc:
0,=109xkx X, x X;x\rxs (1.8)
Trong do:
k : Hé sb giam lac dugc 1ay nhu sau:
k = 1,0 d6i v6i tau hong tron khong c6 vay hong hoidc séng ddy giam lac;
k = 0,7 d6i voi tau c6 hong giy goc;
k duoc lay theo Bang 1.2 néu tau c6 vay hong hodc sdng day giam lac
hoac co ca hai.
X1, Xo: Hé s6 14y theo Bang 1.3 va Bang 1.4
=0, 73+0,6% (1.9)
Véi OG - khoang cach tir trong tdm tau dén mit phing dudng nude (ddu
OG>0 néu trong tim G nam trén mit phang dudng nude va nguoc lai; d - mén
nudc dinh hinh trung binh cua tau.

s: Hé s6 lay theo Bang 1.5 phu thudc chu ky lac T (gidy)
_ 2xCxB
VGM

Ay : 14 dién tich hinh bao tong cong cta cic vay hong hodc dién tich hinh

(1.10)

chiéu canh ctia vay ddy hodc tong ctia hai dién tich d6 (m?)

Bang 1.2: Hé sb k

43100 1 1 15 |2 25 |3 35 |[>4
LWL x B
K 100 098 |095 |088 (079 |074 |072 |0,70
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Bang 1.3: Hé s6 X1

B/d|<24(25 |26 [2,7 |28 |29 [3,0 |3,1 |32 [33 |34 |=35
X, |1,000,980,96|0,95]0,93|0,91{0,90|0,88|0,86|0,84 | 0,82 | 0,80
Bang 1.4: Hé s6 X2
Cs <0,45 0,50 0,55 0,60 0,65 > 0,70

X5 0,75 0,82 0,89 0,95 0,97 1,00
Bang 1.5: Hé s6 s

T(gidy) | <6 7 8 12 14 16 18 >20

S 0,10 0,098 |0,093 | 0,065 |0,053 | 0,044 |0,038 |0,035

1.3. On dinh tau hang roi

Trong hd so 6n dinh va xép tai ciia cac tau hang roi déu dua ra cac tiéu
chuan 6n dinh nguyén ven theo cc yéu cau, quy dinh caa IMO va tinh toan on
dinh cho timg trudong hop xép tai ctia tau nhu 6n dinh cua tau ¢ trang thai tau
khong, c6 nudc din va cé tai. Cac tiéu chuan vé 6n dinh nguyén ven tau hang
roi déu tuan thu cac tiéu chuan 6n dinh tau hang duoc quy dinh trong B luat
quéc té vé 6n dinh nguyén ven (IS Code 2008) nhu di dugc trinh bay ¢ muc

1.2.1 va 1.2.2 [29], [30].

1.3.1. On dinh tau hang roi theo thoi gian thuc
1.3.1.1. Co so dir liéu theo thoi gian thuc

Co s¢ dir licu theo thoi gian thuc 1a mot hé théng co s& dir liéu trong do
khéi lwong cong viée duge xir 1y theo thoi gian thue cho céc bai toan dang co
thay d6i lién tuc vé dir liéu (vi du: hé théng dinh vi GPS, hé thong ty dong
nhan dang AIS trén tau bién ... hodc cac loai dir liéu khac nhu tdc d6 tau, do
sau duoi day tau...).

Khac v6i cac co sd dir liéu truyén théng chia nhitng dir lidu it thay doi

theo thoi gian hoidc khong bi anh hudng boi thoi gian trong sudt chuyén hanh
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trinh ctia tau. Vi du, cac thong tin lién quan dén hang héa, thuyén vién duoc
xéac dinh trude khi tau hanh trinh. Dac biét 1a cac thong tin lién quan dén 6n
dinh tau trudc chuyén di, it khi chiung duoc tinh toan lai trong qué trinh tau
chay bién. Pay ciing chinh 1a mot trong cac nguyén din téi cac vy tai nan tau
lién quan dén suy giam 6n dinh tau khi khong duoc phat hién kip thoi.

1.3.1.2. On dinh tau hang roi theo thoi gian thuec

Theo céch tinh toan truyén théng trong may tinh xép tai dugc trang bi
trén céc tau hang roi thi cac thong s6 6n dinh cua tau chi xac dinh dugc trong
qua trinh 1ap ké hoach xép hoic d& hang. Khi tau hanh trinh trén bién thi hé
thdng may tinh xép tai trén tau khong c6 kha ning tinh toan 6n dinh tau theo
thoi gian thye. Mdi khi mudn kiém tra d6 6n dinh hién tai cta tau, cac sy quan
phai xac dinh duoc chu ky lic ngang ctia tau tai thoi diém d6 dé 1am co sd cho
viéc tinh toan 6n dinh.

Viéc thuc hién céc tinh toan 6n dinh tau theo thoi gian thyc thong qua
chu ky lic ngang cua tau trong sudt chuyén di cling nhu dua ra canh bao su
suy giam 6n dinh tau theo thoi gian thuc s& mang lai nhiéu loi ich giap cho s§
quan hang hai c6 thé nam bat kip thoi viéc thay doi dit liéu 6n dinh tau mot
cach lién tuc, nhanh chong va khi phat hién on dinh tau bi suy giam thi ho s&
c6 thoi gian phan tich dé dua ra cac bién phap phu hop nang cao 6n dinh tau.
1.3.2. Cdc yéu té anh hwéng bit lpi dén on dinh ciia tau hang roi

1.3.2.1. Anh hwéng do sw dich chuyén khéi hang roi

Hinh 1.10: Trang thai can bang khi hang bi dich chuyén sang bén man

23



Khi hang bi dich chuyén sang bén man s& 1am cho trong tdm khdi hang
dich chuyén dan dén trong tim G cua tau ciing dich chuyén theo va khong con
nam dung trén mit phang truc doc cua tau. Khi tau bi nghiéng thi hinh dang
khdi nuée tau chiém chd bi thay doi nén tam ndi B dich chuyén sang vi tri mai.
Luc nay cip luc do trong luc qua trong tdm G va luc ndi qua tdm ndi B s& tao
ra momen nghiéng ngang 1am tau bi nghiéng sang bén man hang dich chuyén.
Goc nghiéng ngang nay ct ting dan dén khi hinh dang phan vo thay d6i du 16n
1am cho tdm noi B dich chuyén sang bén man nghiéng lam cho trong luc va luc
ndi nim trén mot tryc thing, lac nay no s& thiét 1ap vi tri can bang mai.

Trong qué trinh tau lam hang roi, néu cong tac danh tdy hang (san hang)
khong tét thi khi tau hanh trinh trén bién trong diéu kién thoi tiét xdu rat c6 thé
gay ra hién tuong khoi hang bi x6 dich, din dén trong tdm khdi hang bi thay
d6i kéo theo trong tAm tau ciing thay doi theo lam anh huéng dén 6n dinh cua
tau.

Gia su:

- Ban dau khéi hang roi “P”, ¢6 trong tam 1a “g” va trong tam tau khi khéi
hang roi “P” chua bi dich chuyén 13 “G”

- Khi khéi hang roi “P” bi dich chuyén sang man thi trong tim cua khéi
hang s& chuyén dén vi tri “g,”, kéo theo trong tim tau ciing thay d6i va di

chuyén song song v&i hudng gg» dén vi tri “G,”, lac nay tau bi nghiéng ngang

mot goc “0” nhu Hinh 1.11. [23]
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Hinh 1.11: Trong tdm tau thay d6i khi khdi hang roi dich chuyén sang man
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Khi 6, cac thanh phan dich chuyén theo phuong ngang twong duong
s& 1a g1 twong ung véi g, Gi twong tng G va cac thanh phan chuyén dich theo
phuong thing dimg twong duong sé& 13 GiG twong Gmg voi gigs.

Tu Hinh 1.11, ¢6 thé x4c dinh su thay ddi cua trong tam tau khi khdi

hang roi bi dich chuyén theo cac cong thirc sau:

GG, = =% (1.11)
G,G,= Gx = =2 (1.12)
Trong do:

GG1: Khoang dich chuyén theo phuong ngang ciia trong tim tau

G1Ga: Khoang dich chuyén theo phuong thang dimg cua trong tim tau

P: Trong lugng khdi hang rdi bi dich chuyén

D: lugng gian nudc cua tau

dn: khoang cach dich chuyén ciia khdi hang P theo phuong ngang

dy: khoang cach dich chuyén ciia khdi hang P theo phuwong thang ding

Nhu vay:

GM sé& giam khi Gx< 0 (khi trong tam khéi hang duoc dich chuyén tir
thap 1én cao).

GM s& tang khi Gx> 0 (khi trong tdm khdi hang dugc dich chuyén tir
cao xudng thap).
1.3.2.2. Anh huéng ciia két chira chdt long khéng day dén on dinh tau hang roi

Xét mot két chat 16ng chira khong ddy, ban dau trong tdm cua két nim

tai G, trong tAm cua tau 1a G. Khi tau nghiéng mét goc 0, chat 16ng s& don
sang man thap, trong tim G; cua két s& chuyén thanh G’; lam trong tim cta
tau dich chuyén dén G’. Piém G’ gan véi tim lyc ndi B hon G ban dau va do
d6 md men do cap luc Fy, va P giam di, din dén mo6 men hdi phuc giam, tinh

on dinh cua tau giam.
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Goi GG’ 1a doan dich chuyén trong tdm tau do tau nghiéng khi c6 két
chét 1ong khong day.

M6 men hdi phuc cua tau sé& 1a:

M, =D x (GMx Sin0- GG) (1.13)
Kéo dai Véc-to trong luc P 1én trén, gdp mat phéng truc doc tau tai Go. Khi do

M, =D x (GMx Sin6-GG’) = D x GyM x Sin& (1.14)

Nhu vy mé men hoi phuc trong truong hop niy bang véi truong hop tau
cO trong tam tai diém Go

Noi céach khéc, coi trong tdm tau da bi nang 1én mot doan béng GGQeo.

Do véy khi c6 anh huong ctia mit thoang chit long

Trong két chtra khong ddy chiéu cao thé viing cua tau s& duogc tinh nhu
sau:

G,M = KM - KG - GG, (1.15)

Hinh 1.12: Anh hudng mit thodng chét 1ong dén chiéu cao thé viing

Trong do GGo la lugng giam GM béi anh hudng clia mé men mat thodng
do két chat 1ong khong day (1am giam chiéu cao thé virng), dugc tinh bang cong

thire: [17, [5]

GGy= £ () (1.16)
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- I« 12 md-men quan tinh cta mit thoang chit 16ng dbi vé6i truc ban than

cua két, di qua trong tam két, song song vdi truc doc cua tau. .= ! XKb i (m*)

Trong d6 I, b 1a chiéu dai, chiéu rong cua két; K 1a hé s6 hinh dang cua
mit thoang chét long trong két.

K= 12 véi két hinh chir nhat, K= 36 véi két hinh tam gidc vuong, K=48
dbi voi két hinh tam giac can.

- v 14 ty trong chat long chira trong két (t/m?).

- Ixx y 1a mo-men mit thoang chat 1ong (Free Surface Moment -Mrs) trong
két chira khong day (t-m).

- D 1a lugng gian nudce cua tau.

1.3.2.3. Anh huéng do hang roi bi héa long

D3 ¢ rat nhiéu tai nan hang hai nghiém trong xay ra d6i voi cac tau van
chuyén hang roi c6 tinh nhio chay, cac tai nan lién quan dén loai hang nay da
cudp di sinh mang ctia nhiéu thuyén vién va cac tau hang roi. C6 thé ké dén céac
vu tai nan dién hinh nhu:

Tau Hui Long ché 5.185T quang huynh thach (Fluorspar) gép tai nan do
hang bi hoa long va tau bi nghiéng bat thuong 15° trai sau d6 bi dam & Sungai

Pakning, Indonesia ngay 20/05/2005. [36]

Hinh 1.13: Tau Hui Long bi nghiéng trai do hang rdi ¢é tinh nhao chay
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Tau M/v Asian Forest cho tinh quing sit bi 1at & vinh Bengal phia dong
An d6 khi vira méi khéi hanh tir cang Mangalore ngay 18/07/2009.[8]

Tau M/v Jian Fu Star chd quang Ni-ken bi 1at ¢ phia nam Pai Loan sau
khi khoi hanh tir ddo Obi, Indonesia ngay 27/10/2010.[8]

Tau M/v Vinalines Queen cua Viét Nam ché quang Ni-ken khéi hanh tu
cang Morowali, Indonesia bi ddm ngay 25/12/2011.[8]

Tau Trans Summer ch¢ 54.067T quang Ni-ken, gap tai nan do hang bi héa
long va dam & Subaim, Indonesia ngay 14/08/2013. [36]

Tau Bulk Jupiter chd 46.400T quang Bo-xit (Bauxite) hanh trinh tu
Kuantan, Malaysia di Quigdao, Trung Qudc. Tau xép hang ¢ Kuantan trong
diéu kién thoi tiét mua nhiéu va trén dudng chay dén Qingdao, tau da gip dicu
kién thoi tiét xAu 1am cho tau bi lic lién tuc, hau qua lam cho hang roi trong
ham bi hoa 16ng din dén tau bi nghiéng 45°, sau d6 tau da bi ddm ¢ phia Pong

Nam cua Viét Nam ngay 02/01/2015. [36]
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Hinh 1.14: Tau Bulk Jupiter bi nghiéng va dam do hang rdi c6 tinh nhio chay

Biéu hién rd nhit ctia con tau khi bi anh huéng béi hang rdi cé tinh nhio
chay 1a nd bi nghiéng di va xu thé nghiéng nay ngay cang ting din dén nguy
co 1at tau. Nguyén nhan dan dén diéu nay 1a do su két hop ciia hai nguyén nhan
co ban nhu sau:

Nguyén nhan tht nhat 1a do mot phan hang da bi héa long, lugng hang
nay néu tao ra bé mit thoang tu do du 16n s€ 1am suy giam GM (hodc GZ) cua
tau, gibng nhu mot khdi hang 10ng thong thudng. Tir d6 1am suy giam tinh 6n

dinh cua tau, khién no bi lic ngang manh véi chu ky dao dong 16n (thoi gian
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nghiéng sang hai bén man lau) va néu GM bj 4m nd con ¢o thé ndm can bang
& mot vi tri bat ky, vi tri ¢6 goc nghiéng nhat dinh [8].

Nguyén nhan thir hai 14 do su dich chuyén cua hang roi c6 tinh nhio chay
khi bi héa 16ng trong ham vé mot bén man tau lam cho con tau bi mat can bang.

Nhu vy mot con tau khi bi nghiéng dan bai hang roi ¢ tinh nhio chay 1a
su anh huong két hop cta viée suy giam tinh 6n dinh do xudt hién cac bé thoang
tu do va su dich chuyén hang sang bén man tau. Cac budc thong thuong lam
con tau bi 4nh hudng béi hang rdi ¢6 tinh nhio chay s& dién ra nhu sau: Duéi
tac dong rung l4c cta tau khi ¢6 song bién, mot bo phan hang c6 do am vuot
qua ngudng cho phép sé& bi hoa 1ong (thudng sy hoa 16ng xuat hién & dau ham),
su hoa 16ng nay 1am xuat hién cac bé mit thoang tu do. Tau s& bi lic cham di
v6i chu ky ldc dai hon so v6i trude khi hanh trinh. Lic nay su anh hudng cé
thé dién tién theo hai phwong hudng:

Néu luong hang bi hoa long du 16n vé khéi luong va xuat hién bé mat
thoang ty do thi GM s& bi giam dén mirc 4m va tau bi nghiéng ¢ goc nghiéng
c¢b dinh nhu da phan tich. Sau khi tau da nghiéng thi hang sé& tiép tuc trugt vé
phia man nghiéng lam cho xu hudng goc nghiéng ngdy cang phat trién dan dén
nguy co 1at tau. Truong hop nay it khi xay ra, truong hop thuong xay ra 1a chi
can mot luong hang bi hoa 16ng vira du, dua vao cach dich chuyén cuano lada
c6 kha ning gy nghiéng ngay. Néu 1 hang long thong thuong thi khi bi song
bién tac dong 1am tau bi lic ngang, hang 16ng dich chuyén tu do sang hai bén
man va lugng hang chuyén di, tra lai luén bang nhau do tinh chat nhét ciia n6
ddng nhat va twong d6i nho (tinh nhét 1a tinh chét dac trung cho lyc can ma sat
chdng lai chuyén dong). Vi hang roi c6 kha ning héa 1ong thi khac, do tinh
nhdt cao hay noi cach khac c6 dang sén sét nén n6 khong dé dang dich chuyén
tu do nhu vy, mit khac toan bo lugng hang bi hoa 1ong lai khong dong nhat
v6i nhau. Khi tau lic ngang 1am hang dich chuyén chay tir man nay sang man

khac sé& co lic lwong hang chay di va tra lai khong bang nhau, dén mot lac nao
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do s€ c6 mot bén bi chay nhan lugng hang 16n hon, tau bat dau bi nghiéng vé
mot phia. Gid st trong luc do c6 ngoai luc nhu song gié danh vao man lam tau
nghiéng vé phia ddi dién thi hang ciing khong dé dich chuyén vé phia d6 nhu
hang 16ng thong thudng ngay do tinh nhét cao ciia no, két qua 1a sau khi dao
dong tau lai tré vé vi tri nghiéng nhu cii va hang lai tiép tuc trugt xudng. Tau
ctr nghiéng dan dén khi dién tich chiém nudc ciia man nghiéng du 16n dé luc
ndi dich chuyén vé phia do6 trung véi tryc cua trong lyc thi moi ding lai.

Vi vay khi tau da b1 anh hudng béi hang ro1 ¢6 tinh nhdo chay thuong co
xu hudng nghiéng mot phia va goc nghiéng ting dan cé khi t6i hon 30°, thoi
gian dé tau nghiéng tir vi tri cAn bang thong thudng tdi goc nghiéng téi han co
thé vai gio, cling ¢ thé vai ngay, né phu thudc vao do nhét ctia hang ciing nhu
khéi luong, vi tri luong hang bi hoa 1éng trén tau. Mgt con tau nam can béng o
goc nghiéng 16n sé& tro nén cuc ky nguy hiém khi gap thoi tiét xdu boi khi do
tinh 6n dinh tau da bi suy giam nghiém trong, momen hoi phuc cua tau nho
khién tau khong con kha nang trd lai vi tri an toan khi ¢ ngoai luc tac dong,
mat khac & man tau nghiéng chiéu cao man kho s& bi giam xudng dang ké, song
bién d& dang tran 1én mit boong. Lac nay chi can mot con séng du 16n véi goc
tac dong hi¢u qua s€ sinh ra ngoai lyc lam tau bi 14t va bi chim hoan toan. Vi¢c
tau bi 14t thi hoan toan khong cb dinh chi bi 14t bén man nghiéng, n6 con phu
thudc vao nhiéu yéu t6 nhu tinh hinh ngoai luc tic dong, hudéng dich chuyén
cua con tau trén song gio, tinh trang hoda long va lugng hang hoa 1éng.
1.3.3. Mt sé6 phwong phdp hiéu chinh chiéu cao thé vieng nhiam gia ting
tinh on dinh ciia tau hang roi
1.3.3.1. Bom nuoc ballast vao két cua tau

Khi ta bom thém mét luong nuéc ballast c6 khdi lwong 1a P (tAn) vao trong

két ballast ctia tau thi chiéu cao thé viing ctia tau s& thay doi mot luong 1a [1]:

P Ad
AGM= DY @ﬁ_ Pl GM'KGchd'tldng) (1.17)
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Voi:

Ad =d-dy

Trong do:

D: 1a lvgng gidn nudc cia tau trude khi bom ballast;

P: 1a khoi lugng nude ballast ma tau da bom vao két;

di: 1a mén nudc tuong duong cta tau trude khi bom ballast. Gié tri ndy dugc
tra tir Hydrostatic Table voi ddi s6 1a lugng gidn nude D;

d2: 1a mén nude tuong duong cua tau sau khi bom ballast. Gia tri nay dugc tra
tir Hydrostatic Table voi ddi sb 1a lwong gidn nudc (D + P);

KGenit 1ong: 14 chiéu cao trong tdm khdi nude ballast bom vao;

GM: 1a chiéu cao thé viing ciia tau trudc khi bom ballast.

- KGenit l(’)ng<(d1 +A7d—GMj thi chiéu cao thé viing ciia tau sé ting thém mot

lugng AGM. Khi d6 chiéu cao thé vitng mdi cua tau s& 1a:
GMusi = GM + AGM (1.18)

- KGenét 16ng™ (d, +A7d—GMj, thi chiéu cao thé virng cua tau s€ gidm di mot

lugng AGM. Khi d6 chiéu cao thé vitng mdi cua tau s& 1a:
GMusi = GM - AGM (1.19)

- KGchét 1ong= (dl +A7d - GMJ thi chiéu cao thé viing cua tau sé khong thay doi.

Lueu y: Khi bom nude vao két ballast ciia tau dé diéu chinh ha thip trong tim
tau nham gia tang chiéu cao thé viing, can lya chon két ballast & day tau va phia
man thép bom vao truge. Khi chiéu cao thé viing da dat gia tri nhét dinh thi bom

vao két man doi dién nham dua tau vé trang thai can bang.

1.3.2.2. Xa nuoc Ballast tir két cua tau ra ngoai

Khi ta x4 mot luong nuée ballast ¢6 khdi lugng 1a P (tan) tir két cia tau
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ballast ra bién thi chiéu cao thé vimg cta tau s& thay doi mot luong 1a [1]:
AGM= == x (d;- % - GM - KG 1160 ) (1.20)
Véi:

Ad =di-d>

Trong do:

D: 1a lugng gian nudce cua tau trude khi bom ballast;

P: 1a khéi lwgng nudce ballast ma tau dd bom vao két;

di: 1a mén nude twong duong cua tau trude khi xa nudce ballast tir tau ra
ngoai bién. Gi4 tri nay dugc tra tir Bang thuy tinh (Hydrostatic Table) voi déi
s6 1a luong gidn nuée D;

d2: 1a mén nudce tuvong duong cua tau sau khi xa nudc ballast. Gia tri nay
duoc tra tir Hydrostatic Table véi d6i s 13 lwong gidn nude (D - P);

KGenit 16ng: 12 chiéu cao trong tam khdi nude ballast bom vao;

GM: 1a chiéu cao thé vimng cta tau trudc khi bom ballast.

- KGchét 1ong (d —A?d—GMj thi chiéu cao thé vimng cta tau s& giam di mot

lugng AGM. Khi d6 chiéu cao thé viing méi cta tau s& 1a:
GMms = GM - AGM (1.21)

- KGenét 1ong (d —A?d—GMj thi chiéu cao thé vimng cla tau sé ting thém

mot lugng AGM. Khi do6 chiéu cao thé viing méi cua tau s¢ la:
GMusi = GM + AGM (1.22)

- KGeht 1ong= (d —A?d —GMJ thi chiéu cao thé viing clia tau s& khong thay

doi
Luu y: Trong cong thic tinh lwong thay doi chiéu cao thé viing AGM,
K Genit 1ong 14 cao do trong tdm cua khoi nude ballast bom vao hodc xa ra, chi

khong phai cao d trong tam cua két.
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1.3.2.3. Panh tay hang héa

Pénh tay hang héa s& lam giam kha ning dich chuyén ciia hang hoa va
giam thiéu khong khi xAm nhap vao hang hoa. Khong khi vao hang héa co thé
dan dén hang hoa bi nong 1én. B¢ giam thiéu nhimng rii ro nay, thi hang hoa
can phai dugc danh tay hop 1y khi can thiét.

Viéc danh tay can duoc thuc hién day du trong tit ca khong gian ham
hang ma dan dén qua tai vé cAu trac duéi hodc tween-deck, dé ngan chan sy
dich chuyén cta hang hoa sé lugng 16n.

Thuyén truéng yéu cau danh tdy him hang dé dam bao 6n dinh cua tau,
dua trén thong tin co san, ¢6 tinh dén cac dic diém cia con tau va chuyén
hanh trinh du dinh.

Khi mot hang hoa 1a rin roi, sé lwong 16n chi duoc xép vao khong gian
phia dudi ham hang, tuy nhién luc nay hadm hang sé& bi voi ( khong day), thi
hang hoa s€ phai dugc danh téy can than, dé dam bao 6n dinh cia tau va an
toan ddi véi cac cau tric phia dudi.

Trong trudng hop hang héa duoc xép ca phia dudi ham hang va phia trén
tween-deck, thi cac tween-deck can phai duoc dong, dé tao ra hai tang ham
hang riéng biét, dé bd tri phan phdi hang xuéng ham mot cach hop 1y. Chi trir
truong hop khi hang héa xép trén tween-deck c6 anh hudng téi strc bén va cau
triic cta tween-deck thi hang hoa s& duoc xép trong khong gian him hang sudt
tir duwdi san ham 1én trén, khong phéan biét tween-deck.

Céac goc nghi ciia hang hoa 1a mot chi bao vé su mét 6n dinh co thé giy
ra d6i v6i tau khi hang hoa dugc ché véi s6 lwong 16n. Hang hoa cé thé 1a loai
gin két hodc khong gin két. Hang hoa gian két 1a loai hang héa ma khi mét
phan bi 4m w6t s& gan két lai véi phan hang kho thanh khdi vimng chéc.

Déi voi nhitng loai hang hoa khong gin két, ma co6 goc nghi nho hon

hodc bang 30° thi: [1]
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- Panh tay toan b bé mat khbi hang, va phai s dung bién phap chang
budc ¢ dinh bé mit, ciing nhu bién phép bu hang;

- Khi tinh toan 6n dinh cua tau, phai tinh dén anh hudng cua bé mit hang
hat.

Déi v6i nhirng loai hang hoa khong gin két ma c6 goc nghi tir 30° dén
35° thi: [1]

- Panh téy toan bo bé mat khoi hang, sao cho d chénh I¢ch theo chiéu
thang dimg gitra chd cao nhat va thap nhat ciia bé mat ddng hang khong dugc
vuot qua 1/10 chiéu rong tau hoac khong duoc vuot qua 0,15m hodc;

- Theo quy dinh cta co quan c¢6 tham quyén.

Déi voi nhitng loai hang hoa khong gan két ma c6 goc nghi 16n hon 35°
thi:

- Panh téy toan bo bé mat khoi hang, sao cho d chénh I¢ch theo chiéu
thang dimg gitra chd cao nhat va thap nhat ciia bé mat ddng hang khong dugc
vuot qua 1/10 chiéu rong tau hoac khong duoc vugt qua 0,2m hodc;

- Theo quy dinh cta co quan c¢6 tham quyén.

1.4. Két luan chwong 1

Chuong 1 cua dé tai luan an da dat duoc mot sd két qua nhu sau:

- Téong quan duoc cac quy dinh vé 6n dinh nguyén ven, tiéu chuan dbi voi
dic tinh duong cong canh tay don 6n dinh tinh va tiéu chuan on dinh thoi tiét
theo B0 luat quéc té vé 6n dinh nguyén ven (IS Code), tir d6 xac dinh dugc cac
tiéu chuan on dinh cho tau hang roi;

- Thong qua cong thirc thuc nghiém tinh toan 6n dinh tau ciia IMO va
trong cac hd so tau hang roi, xac dinh duge chu ky lic ngang 13 yéu td quan
trong dé d4nh gia nhanh 6n dinh tau theo thoi gian thuc;

- Xac dinh duoc cac yéu té anh huong dén 6n dinh cia tau hang roi trén

co sO phan tich mdt s6 vu tai nan lién quan dén tau hang roi;
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- Pua ra mot s6 phuong phap hiéu chinh chiéu cao thé virng nham gia ting
tinh 6n dinh cua tau hang roi;
- Chi ra vai tro quan trong cua co s¢ dit liéu theo thoi gian thyc so voi co

s dit lidu truyén thong lién quan dén tinh toan 6n dinh tau.
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CHUONG 2. TINH TOAN ON PINH TAU HANG ROI THEO THOI
GIAN THU'C THONG QUA CHU KY LAC NGANG

2.1. Tong quan vé chuyén dong lic cia tau

Chuyén dong lac cua tau 1a chuyén dong dao dong cia tau & nude tinh
hodc trén song, trén mat nudc hodc dudi mat nude. Muc do chiu dugce l4c dinh
ra tinh di bién cta tau, tic 1a kha niang tau duy tri dugc cac tinh nang hanh hai
nhu: tinh ndi, tinh 6n dinh, kha nang hanh hai an toan trén song bién.

Trong da s cac truong hop, nguyén nhan truc tiép gay lac 1a do tac dong

cua song, gid 1én tau hoac do hang hoda trén tau x6 dich.

I N Am—
/) ——  /

Hinh 2.1: Hé toa d6 va cac mit phang dung dé khao sat tau

Chuyén dong lic duoc xac dinh bang su dich chuyén trong tdm cia tau
theo ba truc vuong goc voi nhau trong khong gian va sy quay quanh cua tau
quanh ba truc quan tinh khéi lugng cua tau (O, x, y, z). Truc Ox hudng vé phia
mili tau, truc Oy huéng vé phia man tau, truc Oz hudng thang ding xudng dudi.

Trong 1y thuyét vé chuyén dong lac, tau thay dugc xem 13 vét ran cé sau
béc tu do. Twong tmg voi cac bac tu do nay 1a cac chuyén dong khac nhau cua
tau (Hinh 2.2):

- Chuyén dong tinh tién:
+ Dich chuyén doc (Surge): 13 chuyén dong dao dong tinh tién theo
hudng truc doc cua tau;

+ Dich chuyén ngang (Sway): 1a chuyén dong dao dong tinh tién theo
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hudng truc ngang cua tau;

+ Dich chuyén lén xudng (Heave): 1a chuyén dong dao dong tinh tién cia
tau doc theo huéng thang dimg;

Cac chuyén dong tinh tién cta tau c6 thé duoc do béng cach sur dung cam
bién gia téc.

- Chuyén dong quay:

+ Chong chanh ngang (Roll): 14 chuyén dong dao dong cua tau xung
quanh truc doc;

+ Chong chanh doc (Pitch): 1a chuyén dong dao dong cia tau xung quanh
truc ngang cua tau;

+ Chong chanh dao miii (Yaw): 1a chuyén dong dao dong cua tau xung

quanh truc thang dimg.

Surge

" Pitch

Hinh 2.2: Céac dang chuyén dong cua tau

MObi mdt chuyén dong lic cua tau co thé quan sat duoc mot cach riéng
biét hodc trong sy phdi hop dong thoi giita cac loai chuyén dong khac nhau
cua tau.

Chuyén dong lic cua tau 1a hién tuong c6 hai dén chinh ban than no va
xuat hién cac hau qua khac. Biéu hién cua cic hau qua nay 1a lam anh hudng
dén diéu kién an toan cua tau (nudce hét 1én boong, xuét hién do nghiéng, van
tdc va gia tdc 16n, lam x4u di tinh trang strc khde cua con nguoi); Xudt hién su
qua tai quan tinh trén than tau, thiét bi va cac may moc; suy giam 6n dinh khi

tau chay dudi tac dung cua gid va song; xuat hi€én mé men uon bo sung, su va
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dap cua séng, ..., 1am xau di dic tinh van hanh va tinh ning diéu dong cua tau.

Chuyén dong lic cia tau dic trung boi gia tri bién d6 dich chuyén, van
tdc va gia te tirc thoi. Bién do lac 1a gia tri d6 1éch tirc thoi 10n nhét cua tau
ra khoi vi tri cAn bang.

Mot dic trung khéac cta chuyén dong lac 1a chu ky lic - khoang thoi gian
tau thuc hién dugc mot dao dong toan phﬁn, dugc hiéu 1a khoang thoi gian tau
chuyén dong tur vi tri Xudt phat dén khi quay trd lai vi tri nay. Vi du nhu, tau
thuc hién mot dao dong toan phén, néu tir do léch 16n nhat (bién d§) ¢ man
trai tau thuc hién dao dong qua man phai dén khi no lai tro vé vi tri nay & man
trai. Tan s lac dic trung cho mot dao dong toan phan cia tau lip lai theo thoi
gian. Pé danh gia chuyén dong lac nguoi ta sir dung tan sé dao dong tron biéu
dién s6 dao dong toan phan sau 27 gidy, tirc 1a 6=27/T, & day: o 1a tan sd lic;
T 14 chu ky cta né. Pon vi do cua tan s tron 1a radian trén gidy (rad/s). [7]

Pé mo ta dao dong cua tau va nudc, ta st dung hai hé toa do co ban va
mot hé toa do phu tro. HE toa d co ban tha nhat 1a hé toa d6 ¢d dinh véi
khong gian (O&nE) cho phép md ta chuyén dong tuyét dbi cua tau va chat
l6ng. Mit phing (O&n) tring v6i mit nude khong bi nhidu, con truc mit nudc
khong bi nhiéu, con truc khi nghién ctru lic O hudng thang dimg xudng dudi
(Hinh 2.3).

Hinh 2.3: Céc hé toa do khi nghién ctru chuyén dong lic
H¢ toa do co ban thtr hai 1a h¢ (Gxyz) lién két cb dinh voi tau. Gdc toa

do cua n6 nam ¢ khoi tam tau, truc Gx 1a truc doc c6 chiéu duong hudng vé
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mili tau, truc Gy 1a truc ngang c6 chiéu duong huéng vé man phai cia tau.
Truc Gz 1a truc thang dung c6 chidu dwong hudng xubng dudi. Hé toa do lién
két (Gxyz) dugc dung dé mo ta hinh dang than tau. Khi nghién ctru chuyén
dong l4c cua tau voi tde do xac lap (6n dinh), nguoi ta con stir dung hé toa do
phu tro (G&im:&1) voi gbe toa do nam & khdi tAm tau. Hé toa d6 nay chuyén
dong cung véi toe d6 tau. Khi d6 mat phang (G&in1) ludn ludn song song véi
mit phiang (O&n), twong tu cac truc cua ca hai hé toa do cling ludn song song
v&i nhau. O vi tri can béng ban dau, géc ctia hé toa do lién két va ban lién két
(h¢ toa do phu tro) voi géc cua hé toa do cb dinh nam trén mot duong théng
dtng vé6i khéi tam tau.

Dao dong cua tau khi chong chanh co thé biéu dién dudi dang chuyén
dong tinh tién ciia khoi tim tau va chuyén dong cua tau quay quanh né. Loai
chuyén dong thir nhat xac dinh bdi su thay doi theo thoi gian cia cac toa do
ciia khoi tdm &g, Mg, (g va ddc trung chuyén dong dich chuyén doc, dich
chuyén ngang va dich chuyén thang dimg cua tau. Loai chuyén dong thir hai
xéac dinh boi chuyén dong quay quanh céc truc cuia hé toa do (Gxyz) dbi véi
hé toa d6 (G&m:1) va dic trung cho chuyén dong chong chanh ngang, chong
chanh doc va chong chanh ddo miii cua tau. Vi vay, vi tri cua tau ¢ thoi diém
bét ky dic trung boi ba toa d6 khéi tAm cia nd: &g, g, (e va ba toa dd goc
%-0.0. [7]

A E=2X; A, H=2Y; A, =27, (2.1)

L6, - (I- L)oo, = ZM,
Lo, - (- 1)o.0, =M, ; (2.2)
L, - (L~ 1) o0, = EM, .

O day: &g, Mg, Ce 1 toa d0 tuyét ddi cua khdi tim tau; oy, oy, ©, 13 hinh

chiéu van toc gdc cua tau 1én cac truc Gx, Gy va Gz; Ix, Iy va Iz 1a mé men
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quan tinh chinh trung tdm cta khoi lugng tau ddi voi céac truc cua hé toa do
lién két véi tau. DAu “chidm” & phia trén cac chir céi 1a ky hiéu cho dao ham
theo thoi gian. O vé phai cua (2.1) 13 tong hinh chiéu cua tat ca cac luc tac
dung Ién tau, 1én céc truc cua hé toa dd ¢6 dinh 0¢&, On va OC. Trong hé
phuong trinh (2.2) 13 tong hinh chiéu cia tat ca cac mo men dbi véi cac truc
ctia hé toa do lién két.
2.2. Phuwong phap xac dinh chu ky lic ngang ciia tau tir thiét bi do géc
nghiéng dwoc dat trén tau
2.2.1. Gioi thiéu phwong phap

Trong pham vi ctia nghién ctru lién quan dén rung lic than tau, thong sé
do dac bién d¢ rung lac ngang hoac chi cua tau la mgt dang tin hié¢u lién tuc
¥ (t). Gia tri cta tin hiéu tai mot thoi diém 1a gia tri xac dinh goc nghiéng/do
nghiéng cua tau theo thong s6 do xac dinh [17]. Hinh 2.4 thé hién dang dao

dong lic ngang than tau dudi anh hudng cua séng.

( <
,a(\g 6‘0
i\g ’79
- o
Wave
— Wave
Wave
—_—— Hwéng séng
Huéng séng
Tau lac sang trai Tau thang dirng Tau lac sang phai

Hinh 2.4: Lic ngang than tau dudi anh hudng ciia séng
Bang cach st dung cac quan tric (do dac) tai sau mdi thoi diém At nhét
dinh, c6 thé dé dang biéu dién y(t) thanh dang tin hiéu v6i tham sb duy nhat
13 thoi gian x(t) [13]. Hinh 2.5 thé hién bién phap do dac va chuyén d6i thong

tin bién do dao dong lic ngang ciia tau tir twong tu sang rdi rac.
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Hinh 2.5: Bién phap do dac, chuyén doi dao dong lic ngang sang dang tin
hiéu ro1 rac

Thong qua viéc xac dinh tan sb cua tin hiéu thu duoc x(t), tinh toan dugc
chu ky lac ctia than tdu mot cach gan dang. Tuy nhién gia tri nay chua han 13
dao dong lic riéng cua tau, do con bi anh hudng boi song bién va nhiéu yéu
t6 khac. Cac yéu té d6 thé hién trén tin hicu thu duoc & viéc thay doi gia tri
chinh x4c ctia goc nghiéng than tau tai thoi diém do, va duoc goi chung 1a cac
nhiéu do dac/sai s6 [16]. Nhu vay dao dong lac ngang cua than tau 1a mot ham
tron 1an giita thong tin dao dong riéng cua tau va dao dong anh hudng boi

song bién.

Tin hiéu + Nhiéu Tin hiéu + Nhiéu
Nhiéu Nhiéu
P AR A MMAMAAM MM AL AMPANTUIU A 4 AfA AV
Tin hiéu tuan ty y(t) Tin hiéu r&i rac x(n)

Hinh 2.6: Nhiéu lam anh huéng dén cac gia tri do
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x(m)=r(n)+en) (2.3)

Phuong trinh (2.3) thu duoc sau khi xem xét dao dong lac ngang than tau
chiu su anh hudng cua soéng bién. Trong d6 voi r(n) 1a tin hiéu ky vong do
duogc con e(n) 1a mot dang tin hiéu thudc dang nhiéu can du 1am anh huéng
dén két qua do dugc.

Dé tim duoc r(n) mot cach chinh xac 1a kha kho khin, do cac tin hiéu
nhidu 14 ngau nhién va khong c¢é quy luat dé doan dinh trudc. Hién co nhiéu
phuong phap nham giam thiéu sy tac dong ciia nhidu dén tin hiéu gdc qua cac
phuong phép loc khac nhau.

Nhu vay thay vi tim r(n) mdt cach chinh xdc, cadc nghién ctru tim cach
bién d6i e(n) vé dang khong may anh hudng dén tin hiéu gdc e(n) nhu biéu
dién & phuong trinh (2.4).

x(n)=r(n)+eln) (2.4)

Hau hét cac phuong phép loc nay déu gia dinh 1a cuong do tan sb dao
dong cua tin hiéu gdc r(n) 1a du 16n, trong khi d6 mic du co tan sé dao dong
cao nhung cuong do (nang luong) dao dong cua e(n) thudong la nhd. Trong do
luong dao dong lic ngang cua tau e(n) 13 sy két hop tac dong gitra cac dao
dong song cua moi trudng xung quanh cong voi cac sai sb trong do dac nhu
biéu dién trong phuong trinh (2.5), trong d6 w(n) biéu dién su tac dong cua
song bién va d(n) biéu dién sy sai sb trong két qua do.

e(m)=wn)+dn) (2.5)

Théng thuong d(n) kha nho va cé thé dé dang loai bo bang cach st dung
bd dém thoi gian chuan xac trong thiét bi hoic sir dung phuong phap 1am min
tin hiéu, con w(n) thi lai phuy thude ph?m 16n vao moi trudong véi cuong do dao
dong 16n, nhiéu trudong hop 16n hon ca dao dong lic ngang cua tau. Do vay
cac phuong phap loc nhiéu thong dung khong phat huy hiéu qua trong viéc
loai bo w(n). Tuy vay, c6 thé dua vao mot dic diém dic thu cua song 13 su

ngau nhién, ning luong dao dong ctia song bién 13 rat 16n nhung khong lién
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tuc dé loc loai nhiéu nay.
2.2.2. Bién doi Fourier

Bién d6i Fourier c6 rat nhiéu ung dung khoa hoc, vi du nhu trong vat 1y,
s6 hoc, xir 1y tin hiéu, xac sut, théng ké, mat ma, &m hoc, hai duong hoc, quang
hoc, hinh hoc va rat nhiéu linh vuc khac. Trong xtr 1y tin hiéu va cac nganh lién
quan, bién d6i Fourier thudng dugc nghi dén nhu sy chuyén doi tin hiéu thanh
cac thanh phén bién do va tan sd. Bién doi Fourier duoc thuc hién tuy theo dang
tin hi¢u la lién tuc hodc ro1 rac, trong pham vi nghién ctru céac bién d6i Fourier
r01 rac dugc quan tam dua vao ung dung [13], [15].

Trong toan hoc, phép bién d6i Fourier rdi rac (DET), d6i khi con dugc goi
13 bién d6i Fourier hiru han, 1d mot bién ddi trong giai tich Fourier cho cac tin
hi€u thoi gian roi rac. Pau vao cia bién doi nay la mot chudi hitu han céc )
thuc hodc s6 phtic, 1am bién ddi nay 1a mot cong cu 1y tuong dé xir 1y thong tin
trén cac may tinh. Pic biét, bién d6i nay duoc sir dung rong rai trong xir 1y tin
hi€u va cac nganh lién quan dén phan tich tan sd chua trong mot tin hiéu, dé
giai phuong trinh dao ham riéng, va dé lam cac phép nhu tich chap. Bién doi
nay c6 thé duoc tinh nhanh bai thuat toan bién d6i Fourier nhanh (FET).

Day cua x(n) s6 thuce Xo,...,xn-1 duoc bién doi thanh chudi ctia N s6 phuc

Xo,..., XN-1 b01 cong thuc sau day:

X,= nN;onne'%k" k=0, .., N-1 (2.6)

Véi e 1a co s6 cua logarit tu nhién, i 1a don vi 4o (i> = -1). Phép bién ddi
dugc ky hiéu 1a F(x) hodc Fx. Phuong trinh (2.6) m6 ta tin hién dudi dang )
phtc Xy dai dién cho bién d6 va pha cua cac budc song khac nhau cua tin hiéu
vao x(n).

DFT c6 nhiéu tmg dung rong rdi trong nhiéu nganh khac nhau. Tat ca cac
tmg dung cua DFT déu dua trén mot tinh chit quan trong 1a DET va IDFT déu

c6 thé dugc tinh nhanh chong bang thuat toan bién ddi Fourier nhanh. Khi sir
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dung DFT dé phan tich pho, day x(n) thudng dai dién cho mot day hiru han cac
mAu tai cac thoi diém cach déu nhau ctia mot tin hiéu y(t).

2.2.3. Phé néng lwong

Trong xur 1y tin hi¢u théng ké va vat ly, mat do phé, mat do phé cong
suét (PSD), hoac mat do phé nang luong (ESD), 1a mgt ham thuc va duong
theo bién tan sd gan vé6i cac qua trinh ngiu nhién dimg, hodc ham xac dinh
theo thoi gian, c¢6 thir nguyén 1a cong suét trén Hz [13], hodc niang luong trén
Hz. N6 thuong dugc goi don gian 13 pho cua tin hiéu. Qua tryc gidc, mat do
pho giit lai pho tan sudt cia qua trinh ngu nhién va gitip nhan dang tinh tuan
hoan. Ky hiéu phd nang lugng ctia ctia mot tin hiéu x(n) 1a PSDfﬁ(n )»> Khi do mat
d6 ning luong phan bo trén tan so f tinh duwa trén bién doi Fourier cua tin hiéu
x(n) dugc cho nhu cong thire (2.7)

PSDY,)=|X,° (2.7)

trong do X, 1a bién do61 Fourier cua tin hi¢u x(n) ban dau tai tan so k.

Theo chu ky

= .

@ Ngau nhién

~

£

o

S

o

c

O

3
| } \
0 01 02 03

Tansé (Hz)

Hinh 2.7: Phan bd nang lugng cua tin hiéu diéu hoa ludn co cuong dg 16n
hon so v6i cac tin hiéu dao dong khong diéu hoa
2.2.4. M6 hinh xdc dinh tan sé va chu ky dao déng ldc ngang ciia tau
Xéc dinh tan sé riéng dao dong lic ngang cua tau thuyén 1a yéu té can

thiét dé tim chu ky lic ngang, tir d6 tién toi 4p dung trong cac phép tinh danh
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gia mac d6 6n dinh cua tau. Nhu trinh bay trong Muc 2.2.1, dao dong lac
ngang cua tau do dac trong thuc té 1a tin hiéu roi rac x(n) dugc tong hop dén
tir dao dong riéng r(n), phan nhidu dong anh hudng boi dao dong cia song
w(n) va nhiéu trong qua trinh do dac d(n). Viéc giai phwong trinh (2.3) dé tim
ra r(n) c6 thé cho ra rat nhiéu nghiém kha thi, vi vay tién hanh phan tach truc
tiép e(n) khoi x(n) 1a khong kha thi. Trong pham vi ctia dé tai, nghién ciru sinh
dé xuét cach tiép can gan ding, nham giam thiéu ning luong cia e(n) qua mot
s6 cac budc tiép can nhu mé ta truc quan trong luu dd thuat toan (Hinh 2.8).

Ttr cac diéu kién thuc nghiém, c6 thé nhan thay:

- Dao dong lic ngang cua tau 1a mot dao dong tudn hoan. Trong dé chu
ky lac hay tan s6 dao dong thay doi theo thoi gian, viéc bién d6i (1én/xubng)
theo xu hudng dan déu. Do vy trong khoang thoi gian ngan, tan sé dao dong
cua song thuong tap trung trong mot khoang Af xac dinh.

- Dao ddng cua song bién 1a cac dao dong ngiu nhién, bi anh hudng boi
céc diéu kién thoi tiét tai khu vuc tau hoat dong. Viéc nay cho théy tan sb dao
dong cuia song khong tap trung vao mot gia tri nhat dinh ma phan tan trai rong
trén cac tan s6. Nhu vay cuong do nang luong phan bo trén mot tan s6 nao do
thuong 1a nho, cho du ning luong cua séng 1a rat 1én néu xét trong thoi gian
dai.

Can cu trén cac danh gia vé tinh chat dao dong cia cac tin hiéu r(n) va
w(n), tac gia dua ra cach tiép can theo cac budc nhu sau:

Do dac va tién hanh rdi rac hoa tin hiéu dao dong y(t) ctia tau trong thoi
gian thuc nghiém tin hiéu rdi rac x(n) nhu phuong trinh s6 (2.3) va (2.5), x(n)
dugc xac dinh 1a mot tin hiéu hitu han trong khoang tho1 gian do dac.

- Tién hanh 1am min tin hiéu dé giam cac nhiéu phat sinh do sy sai s6
ctia thiét bi do d(n). Viéc nay duoc thuc hién qua 4p dung cic phuong phap
lam min tin hiéu.

Phan doan tinh hi¢u thanh cac khoang nhé véi kich thude V (phut). Trong

d6 gia dinh tan s6 dao dong cua song khong c6 thay d6i qua nhicu trong
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khoang thoi gian xem xét. Nhu vay nang lugng cua tin hi€u r(n) s€ tap trung
trén tan s6 dao dong cta nod ky hiéu f.. Thuc té gia tri cua f; thay ddi trong
khoang f; £ Au v6i Au nho. Hinh 2.9, thé hién cach tiép can trong cach phan
chia cira s quan sat, thay vi chia thanh cac ctra so tuln tu, tic gia tién hanh

chia cac ctra s6 voi d6 1éch Av (gidy) chong dé 1én nhau theo thoi gian.

Thu nhan tin hiéu Iac ngang tir tau x(t)

e

Roi rac hoa tin hiéu x(n) n € [0,e0]

x(n) =r(n) + w(n) + e(n) Dy dodn tan s6 dao déng cla tin hiéu

f = predict(PSDvx(k)) i € [1,q]

-

Lam min tin hiéu nham loai bd cac sai sét trong do dac

eln) 2 &(n)
iy a

4 N
VeliZwtl 9 PSDVX1
4 \ PSDvx,
Phan tin hiéu thanh cac doan déu nhau vdi >.
clra sb ¢6 kich thudc Vv - -~
vxik) = {x(i*Av + k)} Vk €[0,V-1]
'< >_J PSDVXq

Giam thiéu ndng lwgng clia cac tin hiu
khong dao dong diéu hoa w(n)

. V)
PSDvxi(k) PSDx{n) phé ning lwong clia tin hiéu quan
< sat tai clra so thir i cla thoi diém quan sat

X

Hinh 2.8: M6 hinh xtt 1y va du doan tan sb dao dong chinh cua tin hiéu
vx;(k)=x(i*Av+k) Vke[1, V] (2.8)
- Budc tiép theo tién hanh giam thiéu nang luong cia thanh phan w(n)
trong x(n). Gid str ky hi¢u cac tin hi€u thu dugc & budc quan sat thir j theo cua

s6 ¢6 kich thude V 1an luot 1a vxi(k) v6i i > 0 nhu phuong trinh (2.8). Ky hiéu
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PSDi 14 pho ning lugng twong tng voi timg vxi(k), v6i ky vong trong khoang
thoi gian Av, tan sd dao dong ctia r(n) van duy tri tai mot gia tri F7 hodc chua
kip thay d6i qua 16n, trong khi d6 tan sb dao dong F" cua w(n) lai bién doi
v6i d6 1énh 16n hon nhiéu so v&i FT trong cira s6 quan sat. Khi d6 nang lugng
cua dao dong diéu hoa ludn duge duy tri mgt lugng nhét dinh tai tan sb dao
dong (Pong nghia véi viée tan sd dao dong chinh s& c6 xac xuat 16n duoc
phan bd ning lugng ¢ muc cao), cac tan sé khac dong gop nang luong khong
lién tuc va thuong c¢6 do 1éch 16n. Dya vao tinh chét nay, tac gia xay dung
ham loai bé (diéu chinh) su phan bd ning luong tai cic tan sb dua trén xéac
suit dong gop niang lugng ciia né tai cac 1an quan sat. Ky hiéu 1a Power; nhu
phuong trinh (2.9).

15

1
0.5
0
0.5
1

-1.5

x(t)

Hinh 2.9: Phan chia khung tin hi¢u

Power;={ 4VG;,(PsD]) } (2.9)

Tai lan quan sat thir j v6i cira s6 ¢6 kich thude V (Ky hiéu 1a V)), ta thu
duoc mot phé phan bd nang lugng Power; dai dién, trong d6 nang luong dao
dong cua nhiing tan sb f v6i xac xuat xudt hién cao trong cac tin hiéu thanh
phan s& dugc duy tri, con cac truong hop khac bi giam thiéu nhu mo ta trong
Hinh 2.10. Trong d0, ta thdy tan sd f= 5, c6 ti 1& phan bd ning lugng thuong
xuyén & murc cao, trong khi d6 viéc phan bd ning luong nay 1a khong déu & cac
tan s khac. Ap dung cong thic (2.9) ta c6 thé suy duoc tan sé dao dong dai
dién ctia cira s6 chira 5 tin hiéu thanh phan 1a f= 5 (tan s6 c6 muc phan bo ning

luong cao nhat).
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Sw duy tri ndng lwong tai tAn s6 dao déng phd bién

Tén sb

0 .yl V2 Vi EEEV] V5 =—=—Power

Hinh 2.10: Minh hoa su duy tri ning luong tai tn s dao dong pho bién

Tan s6 con duy tri dugc ning luong & mirc cao nhat, chinh 13 tan sé dao
dong ky vong cua tin hiéu quan sét trong cira s6 Vj. Tuy vay néu chi voi mot
quan sat don, s& kho quyét dinh duoc tan sb F; cia mot clra s6 Vj bat ky 14 tan
s6 dao dong cua tau. Do vy, dé khach quan, nghién ctru sinh tién hanh quan
sat su bién dong cua tan s f trong q cira so lién tiép. Vi nang luong ctia w(n)
da dugc giam thiéu, nén nang lugng pho bién ctia cac tin hiéu quan sat sé& tap
trung xung quanh tan s dao dong chinh cia x(n). Bang cach tng dung phuong
phap Hoi quy tuyén tinh [18], qua xay dung ham predict nhu phuong trinh
(2.10), c6 thé tinh dugc gi4 tri tin s6 dao dong gan dung F cua r(n) trong
khoang thoi gian xem xét (T tinh theo s), dua vao tan s6 dao dong cia q tin
hiéu d3 quan sat duoc. Tan sd nay ciing c6 thé xem nhu 13 tin s6 dao dong cua
tau tai thoi diém bat dau cia ky quan sat thir q+1.

F,. ;= predict({Power, | j € [1,q1})= AVGy; 1.4 (F;) (2.10)

- Bén canh d6 trong trudng hop xem xét, dao dong lic ngang ciia tau cd
su bién thién tang/giam déu theo thoi gian (Khong co su thay doi dot ngor).

Ta c6 thé x4y dyng mot ham ndi1 suy da thirc P(x) dé dy doan.
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P()= [Tyier1 47 (x-F) (2.11)

Khi d6 tan sé dao dong cua lan quan sat tht g+1 dugc ky vong co thé
tinh gin dng 13 Fg1 = P(q+1).

- Sau khi ¢6 tan sé dao dong gan dung cua tau, chu ky dao dong cua tau
tai ky quan sat tht k (C,) duoc tinh bang ti sé cua thoi gian quan sat T (s) ¢b
dinh, véi tan s6 Fx tinh dugc nhu cong thic (2.12).

C= FTk (s6 lan dao dong/s) (2.12)

2.3. Xac dinh cac thong s6 6n dinh ciia tau hang roi tir chu ky lic ngang
2.3.1. Xdc dinh chiéu cao thé vitng ciia tau hang roi théng qua chu ky lic
ngang

Trong thuc té, dé tién cho viéc kiém tra GoM cua tau, trong cac hd so tau
da 1ap sin bang kiém tra GoM (Rolling Period Table) nhu Bang 2.1 hodc d0 thi
cac duong cong kiém tra GoM (Rolling Period-GoM Curves) thong qua chu ky
lac va mén nuée trung binh cua tau, (muc 8 phén Phu luc).

Bang 2.1: Bang tra GoM tir chu ky lac ngang cua tau hang rdi

&l‘l) 2 J. 4.000 9. 6.000] 7000 8.000 9,000 10.00(
(K/8) 2 0.363| _ 0.246 0.194] 0.166] 0.149] 0137 0.13 0.125 0.124
(2.01K) 2 991.39] 671.85] 529.83] 453.36] 406.94] 374.16] 35504 341.39] 333.20
Ts | (1/78) 2 GoM N METER
5 | 0.04000 | 39.66 2687 | 21.19 | 1813 | 1628 | 1497 | 14.20 13.66 13.33
6 0.02778 27.54 8.66 4.72 1259 11.30 10.39 9.86 9.48 .26
7 0.02041 20.23 3.71 10.8 9.25 8.3 7.64 7.25 6.97 6.80
8 | 001563 | 15.49 10.50 8.2¢ 7.08 6.3 585 5.55 533 5.2 1
9 | 001235 | 1224 B.2¢ 6,54 5.60 5.0: 4.67 4.38 47
] 0.01000 9.9 6.72 5.30 453 4.0 3.74 3. 34 3.33
0.0082 8.19 5.5¢ 4 38 :LTé 3.36 3.06 293 282 275
2 D. 4 .88 4.6 3.68 3.15 2.83 .60 2.47 237 2.3
13 0.0059 2 87 3.98 3.14 .68 2.4 21 2.10 202 97
14 D.00510 .06 3.43 .70 2.31 208 1.9 1.8 714 1.70
15 | 000444 | 4.4 2.99 35 2.0 8 66 1.58 1.5 1.48
16 | 0.0039 387 ) 62 2.07 1.77 59 4 1.39 33 1.30
17 | 0.00346 3.47 32 82 1.57 4 3 1.23 [ 1.15
18_| 000309 3.0¢ 20 4 1.40 26 Y 1.10 E 1.03
19 | 000277 27 86 1.47 126 1.13 1.04 0.98 0.95 0.92
20 0.00250 2.4 68 32 1.13 1.02 0.94 0.89 0.85 0.83
21 0.00227 2.28 1.92 20 1.03 0.92 085 0.81 0.77 076
22 0.00207 2.05 1.39 09 0.94 0.84 0.77 0.73 0.71 0.69
23 0.00189 .87 1.27 1.00 0.86 0.77 0.71 0.67 0.65 0.63
4 | 000174 1.72 117 0.9; 0.79 0.7 D.65 0.62 0.59 0.58
5 0.00160 1.59 1.07 0.8° 0.73 0.65 0.60 0.57 0.55 D.53
6 | 000148 1.47 0.99 0.7¢ 0.67 D 60 055 D.57 0.51 0.49
27 | 0.00137 1.36 0.9: 0.77 0.62 0.56 0.51 D.4 047 0.46
] 0.00128 1.26 D.8¢ 0.6¢ 058 | 052 0.48 0.4 0.44 0.42
0.00119 1.18 0.80 0.63 0.54 0.48 0.44 0.4 041 040
30 0.00111 .15 0. 050 045 42 a3 0 38 037

Moén nudce trung binh hodc luong dan nude tuong ing cua tau dugc xac
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dinh ¢ thoi diém trude khi tau hanh trinh. Hai gid tri nay c6 thé 1dy tir so do xép
hang cua tau (Cargo stowage plan), sau dé hi€u chinh véi lugng tiéu thu nhién
ligu, nudce ngot cho dén thoi diém khao sat (dung Bang 2.7).

Trén co sé bang tra néi trén co6 thé 1ap chuong trinh tra ctru gia tri GoM tir
ddi s6 1a chu ky lic da do duoc (T), mén nude trung binh hodc lugng dan nude
cua tau.

Céc cong thirc 1am co s& cho tinh toan 1ap bang nham tra ctru GoM tir chu
ky lac ngang cta tau, nhu sau:

a. Cong thike tong qudt dwa ra trong B ludt IS code [29]

_ 2xCx B

= JGoM
2
GoM =(2xCx =) (2.13)

C 1a hé s6 quan tinh chuyén dong lic, 0.75 <C< 0.80 d6i voi vo tron, dbi
v6i tau RoRo-Ship C ¢6 thé ~ 1. C6 nhiéu cach dé xac dinh gia tri C, ¢ thé tra
trong hd so dong tau hodc tinh toan theo hudéng dan ciia IMO (IS Code) nhu

sau:

Lwl

C=0373+0.023x (2)-0043x (o (2.14)

d: m6n nude dinh hinh trung binh cua tau (twong tng vé1 lwong dan nude
D ciia tau ¢ thoi diém khao sat) (m)

B: Chiéu rong dinh hinh cia tau (m)

Lwl: chiéu dai dudng nudc cua tau (m)

T: Chu ky lic ngang ciia tau (s)

b. Céng thikc thwe nghiém trong ho so tau hang roi

Trong chuyén hanh trinh, GoM cua tau c6 thé xac dinh mot cach gan ding
néu nhu xac dinh duoc chu ky liac ngang va mén nudc trung binh cia tau tai
thoi diém d6. Chu ky lic cua tau dugc xac dinh bing cong thirc toan hoc nhu
sau: [41], [42]
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K

J— K J—
Ty=2m X e =201 % s (2.15)
Hay:
2,01xK\?
GoM=(>7) (2.16)
Véi: K dugc xac dinh theo cong thure sau:
2 H, H\2
(5) =r (Cb %Gyt 1,10%C, < (1-Cy) x (59-2.20) + () ) 2.17)
2
K =B* \/fx (Cb xC,+1,10xC, x(1-Cy) X (% y-2.20) + (%) ) (2.18)
Trong do:

K 1a ban kinh quay (radius of gyration) (m): ngoai viéc dugc xac dinh theo
. \ 2
cong thirc (2.18) thi K con c6 thé duoc xac dinh theo do thi duong cong (g)

duogc cho sin trong ho so tau (Hinh 2.11).

10.00

9.00 |

8.00

7.00 \
6.00 \
5.00 \
4.00 \
3.00 \

]

2.00 \

0.00 0.10 0.20 0.30 0.40 0.50
(K/B)2

DRAUGHT IN METER

Hinh 2.11: Db thi x4c dinh ban kinh quay (radius of gyration)
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B 14 chiéu rong dinh hinh (m)
Hs 14 hé s6 anh huong ciia chidu chim cua tau va duoc xac dinh qua cong
thurc:

As

Hs=D +% (2.19)

PP

D 1a chiéu cao man dinh hinh cia tau
Asla dién tich phan hing gi6 tai man quan sat
Cula hé s6 dién tich phan himg gi6 duoc xac dinh bang cong thic:

C = Dién tich phan hirng gié trén mdt boong
U (B X LPP)

(2.20)

Cb 1a hé sb béo

f1a hé sb c6 gia tri tir 0,136 (tau nhe tai) dén 0,131 (tau day tai) (gia tri
nay chi &p dung cho tau hang)

g 1a gia toc trong truong (9,8 m/s?)

¥ 13 hé s6 dugc xac dinh bang cong thirc:

y=1- 028> (d/dp)? (2.21)

d 1a mén nudce trung binh cua tau

do 1a mén nude cua tau trong trang thai day tai
2.3.2. Vé dwong cong cdanh tay don én dinh tinh va xdc dinh cdc thoéng sé
ddnh gid 6n dinh theo tiéu chudn ciia IMO
2.3.2.1. Gi6i thiéu mét s6 bang tra théng dung trong hé so tiu

Trong hd so ctia mdi tau c6 rat nhiéu bang tra ciing nhu huéng dan tinh
toan cu thé vé 6n dinh, mén nuée cling nhu strc bén cho con tau dé. Dudi day
12 mot sb bang tra thong dung dung dé xac dinh chiéu cao thé viing va dung
duong cong canh tay don 6n dinh tinh cua tau. [20], [23]

Bang thuy tinh:

Bang thily tinh (Bang 2.2) cung cip cac thong s6 thuy tinh cua tau. Dé tra
cac thong sd thay tinh, thuong dung ddi sé 1a lwong gidn nudce cua tau (D) hodc

mon nude tuong duong (d).
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Béang 2.2: Bang thuy tinh

HYDRROSTATIC TABLE
DRAFT DISP. TPC LCB LCF MTC KB TEM LEM
2.50 14129.62 5841 -7.52 -7.38 770.91 1.34 33.70 1192.49|
251 14189.02 59.42 -7.52 -7.38 771.24 1.34 33.57] 1187.80|
252 14248 44 59.43 -7.52 -7.38 771.57 1.35 33.44| 1183.14
253 14307.87 59.44 -7.52 -7.38 771.90 1.35 33.33] 1178.87
254 1436731 59.45 -7.52 -7.38 77222 1.36 33.22] 1174.68
255 14426.76 59.45 -71.52 -7.38 772.54 1.36 33.10] 1170.51
2.56 14486.21 59.46 -7.52 -7.39 772.86 1.37 32.99] 1166.36
2.57 14545.67 59.47 -7.51 -7.39 773.18 1.37 32.88] 1le2.24
2.58 14605.14 59.48 -7.51 -7.39 773.50 1.38 32.77] 115813
2.59 14664.62 59.49 -7.51 -7.39 773.81 1.39 32.66) 1154.04
2.60 14724.11 58.50 -1.51 -7.39 774.13 1.39 32.55| 114998
261 14783.61 59.51 -7.51 -7.39 77444 1.40 32.44] 114593
2.62 14843.12 58.52 -7.51 -7.39 774.75 1.40 32.33| 1141.90}
2.63 14902.64 59.53 -7.51 -7.39 775.06 141 3222 1137.90]
264 14962.17 59.54 -7.51 -7.40 775.37 1.41 32.11] 113391
2.65 15021.71 59.55 -7.51 -7.40 775.68 142 32.00] 112994
2.66 15081.26 59.55 -7.51 -740 775.98 1.42 31.90] 1126.004
2.67 15140.81 58.56 -1.51 -7.40 776.28 1.43 3179 1122.07
2.68 1520037 59.57 -7.51 -7.40 776.59 1.43 31.69] 1118.16

- Bang dvwong cong hoanh giao:

Bang duong cong hoanh giao (Bang 2.3) cung cap gia tri KN voi dbi s6
tra 1a luong gidin nudc cia tau va goc nghiéng twong tmg. Trong hd so tau chi
c6 bang duong cong hoanh giao cho truong hop tau nguyén ven ma khong céd
bang duong cong hoanh giao cho trudong hop tau bi tai nan.

Déi vai mot s6 tau hang kho, viée xay dung bang dudng cong hoanh giao
dugc thuc hién voi gia thuyét tau ¢ chiéu cao trong tdm tau KGa nao d6. Khi
d6, cong thirc tinh canh tay don on dinh tinh trong trudng hop tau nguyén ven
nhu sau:

GyZ=GZ,— (KGy-KG,) Sin6 (2.23)

Trong d6: GZa 1a gia tri duoc tra tir bang dudng cong hoanh giao véi dbi
s6 1a luong gidin nudc cia tau va goc nghiéng tuwong tng; KGo 1a chiéu cao
trong tAm tau d4 hiéu chinh anh hudng ctia md-men mit thoang chét long; KGa

1a chiéu cao trong tAm tau gia dinh.
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Béng 2.3: Bang duong cong hoanh giao gia dinh

CROSS TABLE (KGx=10)

DISP.(T) 5 10 12 15 20 25 30 35 40 45 50]
54,000 0.344 0.7086 0.859 1.102 1.553 2.081 2.679 3.219 3.504 3.57 3.478
55,000 0.338 0.695 0.845 1.084 1.528 2.047 2.644 3.184 3.464 3.528 3.437
56,000 0.333 0.684 0.832 1.067 1.504 2.016 2.61 3.148 3.424 3.486 3.395
57,000 0.328 0.674 0.820 1.051 1.482 1.986 2.577 3.112 3.383 3.443 3.352
58,000 0.324 0.665 0.808 1.036 1.461 1.958 2.545 3.074 3.34 3.399 3.309
59,000 0.320 0.656 0.798 1.023 1.441 1.931 2.513 3.036 3.297 3.354 3.265
60,000 0.316 0.648 0.788 1.01 1.423 1.907 2.483 2.996 3.253 3.309 3.221
61,000 0.313 0.641 0.780 0.999 1.407 1.886 2.456 2.954 3.207 3.263 3.176
62,000 0.310 0.635 0.772 0.989 1.393 1.866 2.429 2.911 3.161 3.216 3.13
63.000 0.308 0.629 0.765 0.98 1.379 1.848 2.402 2.868 3.114 3.168 3.084
64,000 0.305 0.624 0.759 0.972 1.367 1.831 2.374 2.825 3.067 3.12 3.038
65,000 0.303 0.619 0.753 0.964 1.355 1.815 2.347 2.781 3.018 3.071 2.991
66,000 0.301 0.615 0.748 0.957 1.345 1.8 2.319 2.737 2.969 3.022 2.943
67,000 0.299 0.611 0.744 0.951 1.336 1.789 2.291 2.691 2.918 2.972 2.895
68,000 0.298 0.608 0.740 0.946 1.328 1.779 2.264 2.645 2.867 2.921 2.846

69,000 0.267 0.606 0.736 0.942 1.321 1.769 2.238 26 2.816 2.87 2797
70,000 0.296 0.603 0.733 0.938 1.315 1.759 2.208 2.554 2.764 2.818 2.747
71,000 0.285 0.601 0.731 0.935 1.31 1.749 2179 2.509 2712 2.766 2.697

72.000 0.294 0.600 0.729 0.932 1.305 1.739 2.151 2.463 2.659 2.713 2.647

- Bang sikc chira cdc ham hang:

Béng thong s6 ham hang (Bang 2.4) cung cép cac thong s hoanh do, tung
d6 cua trong tam khdi hang trong ham hang d6. Dé tra cac thong sb nay, dung
d6i s6 tra 1a chiéu cao ciia khoi hang hodc dung tich cia khbi hang bén trong

ham hang.

Bang 2.4: Bang strc chtra hAm hang

From B.L(m) | Volume (m?) MG (m) CLG (m) KG (m) Grain Moment
1.68 0.00 65.19 0.00 1.68 0.00
218 225.00 65.22 0.00 1.93 2623.30
248 368.70 65.25 0.00 2.08 4149.60
2.68 470.10 65.29 0.00 219 5218.00
3.18 72750 65.37 0.00 245 778540
3.68 999.90 65.46 0.00 272 10285.10
4.18 1286.80 65.53 0.00 299 12703.90
4.68 1589.20 65.61 0.00 3.26 15036.30
4.80 1663.80 65.62 0.00 3.33 15589.50
5.00 1792.70 65.65 0.00 344 16497.60
518 1906.40 65.68 0.00 3.54 17275.90
5.29 1975.40 65.69 0.00 3.60 17755.70
553 214310 65.71 0.00 3.74 18807.20
568 2245 50 65.73 0.00 3.83 19429.90

- Bang suwrc chura cac két:

Bang thong sb két (Bang 2.5) cung cip cac thong s6 hoanh do, tung do
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cua trong tdm khoi nude trong két cling nhu cung cap thong s6 mé-men quan

tinh cta khoi nudc trong két gy ra. Dé tra cac thong sb nay, dung d6i so tra 1a

chiéu cao chat 16ng hodc thé tich ctia khdi nude bén trong két.

Béng 2.5: Bang strc chura két

From B.L(m) | Volume (m®) MG (m) CLG (m) KG (m) Inertia (m*)
0.00 0.00 8474 502 0.00 208790
0.50 121.50 -85.01 535 0.26 3040.20
0.88 22570 -85.15 561 0.46 3672.30
1.00 261.30 8524 568 0.52 3780.80
150 405.80 8538 585 0.78 4201.90
168 460.00 8543 591 0.88 434080
2.00 485 40 8548 6.17 0.93 141.40
250 526.00 8557 6.56 1.03 121.40
3.00 563.30 85 65 6.89 115 99 50
3.50 597 .00 8572 717 1.26 78.60
4.00 626.40 -85.79 7.40 1.38 59.50
450 651.10 -85.85 7.60 1.49 43.30
5.00 670.90 -85.90 7.75 1.59 30.00
5.50 £85.40 -85.95 7.86 1.66 19.30

- Bang goc ngdp nuoc cua tau:

Goc ngap nudc cua tau (Angle of flooding- 0r) 1a géc nghiéng ma tai dé
nude bat dau tran vao tau qua cac két cdu ho cua than tau hodc qua nhitng chd
khong thé déng kin nudc cta cabin. Str dung lugng gidn nude cia tau dé tra

gbdc ngdp nude tir bang gdc ngdp nudc cua tau (Bang 2.6).

Béng 2.6: Bang tra gbc ngdp nudc cua tau

FLOODING ANGLE
D o D 0
22000 90 45000 65.4
23000 88 46000 64.9
24000 87 47000 64.2
25000 86 45000 63.6
26000 85.5 49000 62.7
27000 83.5 50000 62
28000 82.5 51000 61
29000 81 52000 60.5
30000 80.2 53000 59.8
31000 79 54000 59
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Béang 2.7: Bang tinh trang tai trong cta tau

WEIGHT|MID.G|MOMEN| KG [MOMEN| Mrs
@M | &) [ (T-M) QD (T-M) |(T-M)

ITEM %

NO.1 CARGO HOLD

NO.2 CARGO HOLD

CARGO GRAND TOTAL

FORE PEAK TANK

NO.1 WBT (P)&(S)

AFT PEAK TANK

WATER BALLAST TOTAL

FRESH .W.T (P)

FRESH .W.T (S)

FRESH WATER TOTAL

NO.1 FUEL OIL TANK ( C)|

NO.2 FUEL OIL TANK ( C)|

FUEL OIL TOTAL

DIESEL OIL TANK (P)

DIESEL OIL TANK (S)

DIESEL OIL TOTAL

CONSTANTS

LIGHT WEIGHT

DISPLACEMENT (lwong giin

nwoc)
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2.3.2.2. V& dwong cong canh tay don on dinh tinh GoZ
Viéc tinh toan va vé& dugc duong cong canh tay don on dinh tinh (GoZ)

cua tau dugc thuc hién theo thuat toan nhu Hinh 2.12:

A

/Nhépluqngdénnuéccﬁatéu/

Tra ciru cac tham s6: TKM, KN,

e ——
[ —— By

Bang thuy tinh, bang
dwong cong hoanh giao

A

Tinh gia tri KGo, GoZ « Gia tr1 GoM

Y

Dung duwong cong GoZ

Y

X4c dinh cac tham sé 6n dinh tau

So sg'mh tiéu
chuan IMO

C Két thic >“'

Hinh 2.12: Thuat todn v& dudng cong canh tay don on dinh tinh (GoZ)

Canh bao

- Tir lwong dan nude cia tau o thoi diém khao sat, tra bang Thay tinh dé
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tim céc gia tri: TPC, LCB, LCF, TKM, LKM. Tuong tu v6i bang Puong cong
hoanh giao (Cross Curves Table), thu dugc gia tri KN.

- Tinh gié tri KGo (chiéu cao trong tam tau) tir gia tri TKM va gia tri GoM
(xac dinh tir chu ky lac ngang cua tau) theo cong thirc:

KGy=TKM - GyM (2.23)

Trén co s& gia tri KGo tim duoc, cac gia tri GoZ ¢ cac goc nghiéng 6 khac
nhau dugc xac dinh qua cong thuec:

GoZ = KN — KGyx Sin6 (2.24)

- Tién hanh dung duong cong canh tay don 6n dinh tinh GoZ tuong tmg

v6i cac goc nghiéng 6 = 10°, 20°, 30°, ..., 90° (Hinh 2.13).

GZ curver

/
e \ —8— GoZ
o “a

0 10 20 30 40 50 60 70 80  \90
>

0
Hinh 2.13: D6 thi duong cong canh tay don on dinh tinh

- Xac dinh cac tham sb dé danh gia tinh 6n dinh cta tau theo tiéu chuan
IMO [29], cac tham s6 can xac dinh:

+ Dién tich du6i canh tay don 6n dinh tinh (duong cong GoZ) tinh dén
goc nghiéng 30°

+ Dién tich dudi canh tay don 6n dinh tinh tinh toi goc nghiéng 40° hodc
goc ngap nude néu goc nay nho hon 40°.

+ Phan dién tich dudi duong cong GoZ nam giira goc nghiéng 30° va 40°
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hoic gbc ngap nude néu goc ndy nhod hon 40°.

+ D¢ 16n ciia canh tay don GoZ tai goc nghiéng bang hodc 16n hon 30°.

+ Gia tri cuc dai cua GoZ.

+ Chiéu cao thé viing ban dau sau khi da hiéu chinh anh hudng cua mat
thoang chat long GoM.

Twr Hinh 2.14, ta dung phuong phap tinh tich phan duong cong sau khi tim
dugc phuong trinh duong cong GoZ (hodc dung phuong phép gan ding
SIMPSON) dé x4c dinh cac gia tri dién tich dudi duong cong nhu quy dinh cta
IMO néi trén va so sanh véi cac gia tri quy dinh cua IMO twong tGng dé danh
gia chung vé tinh on dinh cia tau ¢ thoi diém khao sat.

Str dung quy tic Simpson dé tinh dién tich phia dudi duong cong GoZ

GoZ
5.0
4.0
-
3.0
2.0 e
4 i
1.0 Zs | \CoM
GZi_4Gz, |54 Gis |
| N 8
a a a b b
0 10 20 30 40 50 57°3 60 70 80 90

Hinh 2.14: Dién tich dudi duong cong canh tay don 6n dinh tinh
Str dung quy tic Simpson s 2:
A30°) = ga x (GZ;, + GZ,x 3+ GZ;x 3 +GZ,) (m-do) (2.25)
= A(30°) m-do/57°3 (m-rad).
Str dung quy tic Simpson s6 1:

A(40°) = £ x (GZ, + GZ,x 4+ GZ;x 2 +GZ,x 4 +GZs5 ) (m-d3)  (2.26)
3

59



=A(40°) m-do/57°3 (m-rad).

Trong d6 a la khoang chia theo Hinh 2.14 1a 10° mdt. GZ1.5 1a @6 16n cua
GZ tai cac géc nghiéng 0°,10°,20°,30°,40°.
A(30°- 40°) = g x (GZ, + GZyx 4+ GZs) (m-dd) (2.27)

= A(30° - 40°) m-do/57°3 (m-rad)

Trong d6 b 1a khoang chia theo Hinh 2.14 c6 gia tri 5° mot. GZ4, GZ4, GZs
1a d6 16n ctia GZ tai cac goc nghiéng 30°, 35°, 40°.

Tuong tu véi cac dién tich khac, cac gia tri dién tich dudi duong cong tinh
duogc s& duoc so sanh v6i cac gia tri quy dinh caa IMO tuwong Gmg dé danh gia

chung vé tinh 6n dinh ctia tau ¢ thoi diém khao sat.
2.4. Két luan chuong 2

Pé tinh toan, danh gia duoc cac thong s6 on dinh tau hang roi theo thoi
gian thyc thong qua chu ky lic ngang ctia tau, Chuong 2 cia d¢é tai luan an da

dat duoc mot sd két qua nhu sau:

- Tong quan vé chuyén dong lac cua tau, xac dinh cac dang chuyén dong

lac cua tau va anh huong cua chung dén 6n dinh va an toan cua tau,

- Xay dung duogc thudt toan xac dinh chu ky lic ngang theo thoi gian thuc

tir gia tri goc nghiéng ngang thay di theo thoi gian cia tau;

- Xay dung dugc phuong phap tinh toan cac thong sb dic trung cho on
dinh nguyén ven cta tau hang roi thong qua chu ky lic ngang cta nd. Ung véi
mdi gia tri chu ky lac ngang, tinh toan duoc gia tri chiéu cao thé viing (GoM)

va dudng cong canh tay don on dinh tinh (GoZ) theo thoi gian thuc.

Cac két qua dat dugc & trén 1a co sé cho viéc thiét ké, xay dung hé théng
thong bao 6n dinh tau hang ro1 theo thoi gian thuc dugce thuc hién & cac ndi

dung tiép theo ctia dé tai luan an.
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CHUONG 3. THIET KE VA XAY DUNG HE THONG THONG BAO
ON PINH TAU HANG ROI THEO THOI GIAN THUC
3.1. M hinh kién triic hé thong
3.1.1. M6 hinh kién triic hé thong
Trén co s¢ cac ndi dung da phan tich trong Chuong 1 va Chuong 2, mé

hinh kién trac hé thong thong bao 6n dinh tau hang rdi theo thdi gian thuc dugc

dé xuit:
Khéi vao Khéira
Khé1 nhp théng s6 tau Khéihién thi théng tin
= : p| Khoi xir1i trung tim | me
Khét nhap thong s6
chuven i Khéicanh bao
Ehéi cim bién

Hinh 3.1: M6 hinh kién trac hé thdng thong bao on dinh tau

Khéi nhap thong s tau: cac bang théng sb ctia hd so tau phuc vu tinh toan
nhu: bang thuy tinh, bang duong cong hoanh giao, bang thong s6 két, ...

Khéi nhép thong sb chuyén di: Lugng din nude (D)/mén nudce trung binh
ban dau (d) cia tau; Luong tiéu thu nhién liéu, nudc ngot cho dén thoi diém
khao sat (Ct).

Khdi cam bién: su két hop cia cac cam bién gia tdc, cam bién do tin hiéu
gbc nghiéng, ...

Khéi xir 1i trung tam: diéu khién hoat dong chung cia hé théng, tinh toan
cac tham sb: goc nghiéng, chu ky lac ngang, cac thong s6 6n dinh cua tau, danh
gia 6n dinh tau dé dwa ra canh béo cho sy quan hang hai.

Khéi hién thi thong tin: cho phép hién thi theo thdi gian thyuc cac thong tin
nhu: Chu ky lic ngang, GoM, dudng cong GoZ, bang cac gia tri cua tham sb 6n

dinh cua tau & thoi diém khéo sat theo tiéu chuan IMO, ...
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Khéi luu trit: lwu trit co s dir liéu tau, thong tin 6n dinh tau, ...

Khbi canh bao: bao gom coi va dén duoc sir dung dé canh bao cho sy quan
thuyén vién biét khi cac thong s6 6n dinh cua tau ndm ngoai gia tri cho phép
mot cach truc quan.

3.1.2. Nguyén ly hoat dong

Khoi tao hé thdng, cac tham sé tau nhu: bang thuy tinh, bang dudng cong
hoanh giao, bang thong s6 cac két... cling nhu gidi han goc nghiéng, chu ky lic
ngang... s& duoc thiét 1ap.

Tiép dén, cac tham sb chuyén di nhu mén nude, luong gidn nudce, lugng
ti€éu hao nudc ngot va nhién li€u,... s¢ dugc khdi tao.

Tir cac cam bién goc, cam bién gia tdc, tin hiéu dugce gui vé Khoi xur 1i
trung tam.

Tai Khéi xtr li trung tdm, tin hiéu goc nghiéng s& dugc st dung dé xac
dinh chu ky lac ngang tong hop. Bang cac thuat toan, khdi xir Iy trung tam tach
ra dugc chu ky lac ngang riéng cua con tau. Su két hop cua gid tri chu ky lic
ngang v&i cac tham sé tau va tham sé chuyén di cho phép hé thong tinh toan
cac thong s6 6n dinh cia tau va dua ra cac danh gia dua theo cac tiéu chuan 6n
dinh d6i véi tau hang roi duge quy dinh badi IMO mét cach lién tuc theo thoi
gian thuc.

Céc thong s6 on dinh cua tau duoc tinh toan va danh gia lién tuc thong
qua chu ky lac ngang do hé théng xac dinh duogc trong qua trinh tau bi lic
ngang. Cac thong tin vé 6n dinh ctia tau va két qua danh gia 6n dinh duogc hién
thi theo thoi gian thyc trén man hinh thong qua Khdi hién thi.

Trong truong hop cac thong sé 6n dinh tau ndm ngoai cac tiéu chuan 6n
dinh cho phép thi tin hiéu canh bio bang am thanh, anh sang va hinh anh s&
duogc giri dén Thiét bi canh bao nham canh bao cho cac sy quan, thuyén vién
biét vé viéc 6n dinh cia tau dang bi suy giam, tir 46 c6 thé dua ra cac bién phap

dam bao 6n dinh cho tau kip thoi.
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3.2. Céc yéu cau doi véi hé thong
3.2.1. Yéu cdu vé chirc ning ciia hé théng

Hé théng hoat dong doc lap dbi voi cac hé théng, trang thiét bi khac trén
budng lai dé khong anh hudng dén tinh ning hoat dong thong thuong cua
chung.

Thiét bi trong hé thong phai dugc kiém dinh dé dap mg cac yéu cau cia
t6 chirc IMO hodc t6 chirc dang kiém néu co.

Hé thong phai cho phép nguoi sir dung cai dat cac thong sé ban dau cia
tau dé phuc vu cho viéc tinh toan.

Hé thong phai c¢6 chiic ning tinh toan cac thong sd on dinh theo thoi gian
thuc cua tau hang roi théng qua chu ky lic va dua ra cac canh bao bang hinh
anh, am thanh va anh sang dé canh bao cho thuyén truéng, sy quan nhan biét.

Man hinh hién thi va bang diéu khién cho phép ngudi sir dung diéu chinh
d6 sang t6i dé phu hop véi diéu kién hang hai trén budng l4i.

Cac am thanh, anh sang canh bdo dam bao khong bi trung 1ap voi cac bao
dong cua cac hé théng, trang thiét bi khac khi dugc lép dat trén tau.

3.2.2. Pham vi dp dung ciia hé théng

Hé théng dugc ap dung cho tau hang rdi cu thé.

Hé thdng thong bao on dinh tau hang roi theo thoi gian thuc cho si quan
hang hai gidi han & nhitng chirc nang nhu:

+ Do luong va hién thi chu ky lic ngang;

+  Hién thi thong tin on dinh va xu hudng thay doi gia tri on dinh;

+  Canh bao bang hinh anh, 4m thanh va anh sang.

3.3. Xay dung h¢ thong phan cig
3.3.1. Khéi cim bién
3.3.1.1. Cam bién gia toc goc

Cam bién gbc gia téc goc 1a mot hé thdng cam bién chuyén dong cé téi 6

truc cam bién bao gdm 3 con quay hoi chuyén (axis gyroscope), 3 gia toc ké

(axis accelerometer).
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Cam bién gia tdc goc co ba bd chuyén déi ADC (analog-to-digital) 16-bit
dé s6 hoa cac dau ra con quay hoi chuyén va ba ADC 16-bit dé sb hoa cac dau
ra gia toc ké. Pé theo ddi chinh x4c ca chuyén dong nhanh va chuyén dong
cham, cac bo phan nay c6 thang do chinh quy c6 thé 1ap trinh dugc cho ngudi
st dung v&i pham vi la = 250, £ 500, £ 1.000, va + 2.000 d6/giay (dps) va mot
may gia toc ké co thé lap trinh trong dai + 2g, + 4g, + 8g, va + 16g.

Ngoai ra, cam bién gia toc con c¢6 1 don vi tang téc phan cimg chuyén xir
1y tin hi¢u (Digital Motion Processor - DMP) do cam bién thu thap va thuc hién
cac tinh toan can thiét. Diéu nay gitp giam bdt dang ké phan xu 1y tinh toan
ctia vi diéu khién, cai thién tdc do xir 1y va cho ra phan hoi nhanh hon.

Hon nita, cam bién c6 sdn bo dém di liéu cho phép vi diéu khién phat 1énh
cho cam bién, va nhan vé dit liéu sau khi cam bién tinh toan xong.

Trong pham vi ctia ludn 4n, cam bién gia tbc Module GY-521 6DOF [56]
(Hinh 3.2) dugc lya chon dé xac dinh cac chuyén dong cua tau vai cac thong
s6 chinh nhu:

- bién ap st dung: 3~5VDC

- Pién ap giao tiép: 3~5VDC

- Chuan giao tiép: 12C

- Gia tri Gyroscopes trong khoang: + 250, £ 500, = 1.000, va + 2.000

do/gidy (dps)

- Gid tri Acceleration trong khoang: + 2g, + 4g, + 8g, va + 16g

=
o
) =t
-
(&)
—

@® xcL i e
i 1

Hinh 3.2: Cam bién gia tbc Module GY-521 6DOF
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3.3.1.2. Thiét bi do géc nghiéng tau

Thiét bi do goc nghiéng tau dugc xem 1a mot trong nhimg bd phan quan
trong nhat trong hé théng, vi tin hiéu tir thiét bi sau khi dua vao chuong trinh
duoc xtr Iy bang nhitng thuit toan chuyén dung s& cho ra két qua chu ky lic
ngang cua tau. Do d6, thiét bi nay doi hoi phai c6 dd chinh xé4c cao thi két qua
tinh todn méi ddm bao do tin cdy khi s dung dé tinh toan céc thong s6 6n dinh
cua tau theo thoi gian thuc.

Pé danh gia do tin cdy cia thiét bi do goc ngiéng tau, nghién ctu sinh da
tham khao cac yéu cau cta nghi quyét MSC.363(92) vé Tiéu chuan thi hanh
d6i véi thiét bi do nghiéng dién tir nhu sau [32], [52], [53]:

- Thiét bi do d6 nghiéng dién tir phai c6 kha nang do goc nghiéng thuc té
va xac dinh bién d¢ dao dong lac ngang cua con tau trén pham vi £+ 90 do.

- May do do nghiéng dién tir phai c6 kha nang do thoi gian gilra cac gia
trj dao dong lac tdi da va xac dinh thoi gian chu ky lac trong pham vi téi thiéu
tir 4s dén 40s.

- May do do nghiéng dién tir phai cung cip dit liéu voi d6 chinh xac du
dé danh gia dung trang thai dong cua tau. Do chinh xac téi thiéu ctia cac phép
do phai 1a 5% gia tri doc hodic + 1 d9, tiy theo gia tri nao 16n hon d6i voi phép
do goc va 5% gia tri doc hodc + 1s, tuy theo gid tri nao 16n hon cho phép do
thot gian.

Trong pham vi cua ludn an, thiét bi do goc nghiéng sir dung chip MPU
6050 dugc lya chon (Hinh 3.3). Cac tinh ndng chinh cua chip MPU 6050 [56]

duogc chi ra trong Bang 3.1.

MPUG0S0 - STM32 Project

- 1 G:X:0.004 Y:-0.004,Z:0.040
A:X:-0.016,Y:-0.007 Z2:0.958
- I RP:R:-0._448 P:0.927

TEMP: 31.26 de
DATE:06.05.16 1'II£ 03:38:42

BAUD: 9600
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Béang 3.1: Céc tinh nang chinh cua chip MPU 6050

Con quay hdi chuyén

(Gyroscope)

Gia toc ké

(Accelerometer)

- Tich hgp ADC 16 bit cho

phép lay dir liéu dong thoi
cia cac con quay hoi
chuyén, voi 16-bit ta s& c6
216 = 65.536 gia tri cho 1
cam bién.

Tang do chinh xac va do
nhay cua cin bang nhiét
do giup gidm sy hi¢u
chinh cua nguoi dung.
Cai thién hiu sudt va
giam nhiéu khi hoat dong
& tan so thap.

Dong hoat dong: 3,6mA
Dong cho: SpA

Tich hop ADC 16 bit cho phép lay dir liéu
ddng thoi cua cac gia toe ké, véi 16-bit ta
s& ¢6 26 = 65.536 gia tri cho 1 cam bién.
Dong hoat dong: 500uA.

Dong & ché do cong suit thap: 10pA &
1,25Hz, 20pA 6 SHz, 60uA 6 20Hz, 110pA
0 40Hz.

Phét hién huéng va diéu hudng.

Ngét do nguoi sir dung tu 13p trinh.

Thém mét cong 12C phu dé doc dit licu tur
céc cam bién bén ngoai.

Chiu shock 10.000g.

B6 loc k¥ thuat s6 do nguoi st dung lap
trinh cho cam bién con quay, cam bién gia
toc, va cam bién nhiét do.

B6 dém 1.024 bytes FIFO lam giam tiéu thu

nang luong.

Pé dam bao cac yéu cau ciia IMO ddi véi thiét bi do goc nghiéng tau,
thiét bi do gbc nghiéng sir dung chip MPU 6050 d3 duoc giri dén Trung tm
k¥ thuat tiéu chuan do ludng chat luong Hai Phong dé danh gia va két qua do
cho thiy déu thoa mén cac yéu cau vé phép do goc nghiéng va phép do thoi

gian (Muc 7 cua Phu lyc).
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3.3.2. Khéi xir li trung tam

Khéi xir i trung tdm véi chie niang xir 1y cac thuat toan xac dinh chu ky
lic ngang va cac cong thire tinh toan cac thong sb 6n dinh cua tau vi vay co
thé dung may tinh (PC) hodc cac Vi diéu khién.

Véi may tinh: kha ning xu 1i, tinh toan véi toc do cao (GHz), giao tiép
vo1 nguoi dung than thi€n qua man hinh, ban phim va dac biét kha nang luu
trir dir liéu 16n.

Vi diéu khién: kha nang xu li thap, han ché trong giao tiép véi nguoi
dung, kha nang luu trir dit li€u nho.

Trong pham vi cua luan an, nghién ctru sinh lga chon may tinh PC voi
cau hinh:

B¢ xur ly 2GHz (32-bit hodc 64-bit);

RAM 4GB (32-bit);

O cimg 120GB;

Thiét bi d6 hoa DirectX 9 véi WDDM 1.0 hogc 6 16n hon.

3.3.3. Khoi hién thi

Hién thi thong tin theo thoi gian thyc: Chu ky lic ngang; chiéu cao thé
vitng; d6 thi chiéu cao thé viing va canh tay don on dinh tinh theo thoi gian
thuc; bang so sanh cac thong s6 6n dinh tau hién tai vdi tiéu chuén ctua Bo luat
IS-Code; dua ra canh bao khi cac thong sb 6n dinh cua tau co xu hudng bi suy
giam. Bén canh man hinh hién thi cac thong sb 6n dinh di kém voi may tinh
ca nhan, dé hién thi dit ligu tai vi diéu khién, man hinh LCD 128x64 Wearable
Lcd Screen ciing duogc sir dung. Céc thong s ki thudt caa LCD bao gdm:

Nguon cip 3,3V;

Hién thi: mono color;
Cong két nbi: COG, FPC, PCB;
Kich thudc: 400x290x255 mm.
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Hinh 3.4: Man hinh 128x64 Wearable LCD Screen

3.3.4. Khoi canh bdo

Pua ra canh bao bang am thanh, anh sang cho cac sy quan biét khi cac
thong sb on dinh (GoM, GoZ) ciia tau nim ngoai cac tiéu chuan yéu cau dugc
quy dinh trong B¢ luat IS-Code hodc khi d6 thi biéu dién su bién thién céac gia
tri chiéu cao thé viing (GoM) theo thoi gian thyc ciia tau c6 xu hudng bi suy
giam.
3.3.5. Hé thong nho

Trong qué trinh hoat dong, cac théng sb can phai duoc luu trit, vi vay
can thiét phai c6 hé thong nhé nham dap ung tot yéu cau ndy. Trong pham vi
cua ludn an IC nhéd W9852G6Jh dugc st dung. W9852G6Jh 1a mdt SDRAM

(Synchronous Dynamic Random Access Memory) véi cac thong sé ki thuat:

Dién ap cung cép 3,3V;

Tan sb lam viéc 1én t6i 200MHz;
4.194.304 Word nh¢ 16 bit;
Téc d6 ghi dir liéu 200M Word/s.

3.4. XAy dung chwong trinh phin mém
3.4.1. Thudt todn diéu khién hé thong

Nhu di dé cap trong muc trude (Muc 3.1), tir mo hinh kién trac va nguyén
1y hoat dong cua hé thong, thuit toan diéu khién hé théng duoc dé xuat (Hinh
3.5):
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Hinh 3.5: Thuat toan diéu khién hé thong thong bao 6n dinh tau

Ttr lvu d6 thuat toan c6 thé thay qua trinh xir 1i tin hiéu trong hé théng
tap trung vao hai pha chinh: Tinh chu ki lic ngang cua tau va cac thong s6 6n
dinh tau.

3.4.2. Xdy dwng chwong trinh phdn mém tinh todn thong sé on dinh tau
théng qua chu ky lic ngang

3.4.2.1 Co so dit liéu phuc vu cho viéc xay dung chuwong trinh phdn meém hé
thong

Pé tinh toan dugc cac thong sd 6n dinh cua tiu hang roi thong qua chu
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ky lac ngang cia tau thi can phai nhap cac dit liéu lién dén tinh toan on dinh
dugc cho trong SO tay on dinh va xép tai cia mot con tau hang roi cu thé. Céc
dir liéu can thiét dé trinh xay dyng phan mém hé théng la:

- Bang tra GoM tir chu ky lc ngang cta tau (Bang 2.1);

- Bang thuy tinh (Bang 2.2);

- Bang duong cong hoanh giao (Bang 2.3);

- Chiéu dai dudng nude cua tau (Lwl);

- Chiéu rong dinh hinh (B);

- Bén kinh quay (K).
3.4.2.2. Chuwong trinh phan mém tinh todn chu ky ldc ciia tau

Chuong trinh tinh toan chu ky lic cta tau 13 mot hé thong duoc td chic
va két hop tir 3 bd phan con cdu thanh: Thiét bi do gdc nghiéng tau (Muc
3.3.1.2); Ung dung doc va phan tich dao dong theo thoi gian thuc; Module
hién thi hoat dong dong mod phong va tro giup diéu khién cua ngudi dung.
Kién tric cua hé théng duoc thé hién chi tiét & Hinh 3.6.

Trong do:

- Thiét bi do gbc nghiéng tau: 1a mot by mach duogc tich hgp mot cam
bién nhay v6i dao dong. Thiét bi nay lién tuc do dac cac thong $6 nghiéng trai
phai, trudce sau va gui tin hiéu vé may tinh phuc vu viéc tinh toan. Dé thiét bi
hoat dong hiéu qua, can duoc gin chit va cb dinh v6i mot mat phang ngang
sat vl san tau.

- Ung dung doc va phan tich dao dong theo thoi gian thuc: doc va roi rac
hoéa tin hiéu thé hién goc nghiéng ngang cua than tau, tir 46 1am can cu dé loc
loai bo nhidu ciing nhu tim tan sé dao dong lic ngang cua tau theo thoi gian
thuec.

- Module hién thi hoat dong mé phéong va trg giup diéu khién: gdm mot
thiét bi gitp viéc hién thi dir 1li€éu mot cach tryc quan. Trong truong hop tdi
thiéu, module nay duoc ghép nbi cung voi “Ung dung doc va phén tich dao

dong theo thoi gian thuc” thanh mot ing dung duy nhat.
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3.4.2.2.1. Kién triic ciia phan mém

a. Tt 5ng quan

) Thong s6 dao dong lic ngang
Thiét bi do goc
nghiéng tau

Mit phang ¢ dinh
May tinh

Ung dung Module hién
doc & phan thi & giiéu
tich dao dong khién

Hinh 3.6. Kién trtic hé thong thu nhan va tinh toan chu ky lic cia tau

b. Céu triic cdc 16p cia vmg dung phdn tich dao déng theo thoi gian thuc

() FDetector.exs

{} FDetector

T} FDetector.Models {} FDetector.Components {} FDetector.Models Filters {} FDetector.Models.Sensors

{} FDetectorProperties {3 FDetector.Models.Signal

£} FDetector.Helpers {} FDetector.Models.Presenter

Hinh 3.7. So d6 lién két cac thanh phan trong tng dung doc & phan tich dao
dong lic

- Sensors: Pam nhan viéc thu nhan va ro1 rac hoa tin hiéu nhan duoc tu
thiét bi do goc nghiéng theo nhip d6 pht hop vai toe do xir 1y ctia may tinh.

- Signal: Chua céac 16p biéu dién tin hiéu roi rac hoa, bao gém: tin hiéu
chua xtr 1y, tin hiéu da dugc loc cling nhu biéu dién cua ching ¢ mién tan sd.
Thanh phan nay ciing chita cac 16p va ham tién ich gitip xac dinh nhanh cac
thong sd nhu: Tan s6 dao dong 16n nhét, nho nhat, mat d6 phan bo ning luong,

v/v.
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- Filters: Chura céac 16p hd trg viéc 1am min tin hiéu, loc tach cac nhiéu co
ning lugng thip khoi tin hiéu.

- Models: Chira cac 16p tién ich giup viéc tinh toan sb liéu, quan 1y thong
tin va hién thi hiéu qua hon.

- Components: Chtra cac 16p tién ich ddm bao viéc thu nhan, xt 1y dit
liéu va hién thi duoc tién hanh trong thoi gian thuc. Bang cic phan chia thoi
gian hoat dong cuia cac thanh phan mot cach xen k&, giup cho hé théng hoat
dong mot cach tron tru (khong bi giat hoac delay).

- Presenter: Gom céc 16p thuc thi nhiém vu biéu dién, hién thi truc quan
hoéa sb liéu 1én giao dién ctia chuong trinh.

- Helpers va Properties: Chira cac 16p gitp viée, hd trg cac ddi tuong
khac trong hé thng.

Céc thong sb lién quan dén cac thanh phan cua hé théng duoc chdm diém

vao theo ddi trén cong cy hd trg 1ap trinh nhu trong Hinh 3.8.

Hierarchy « Maintainability Index  Cyclomatic Complexity Depth of Inheritance Class Coupling Lines of Source code  Lines of Executable code

4 FDetector (Debug) | | [ 7 161 666
7 35 583 340

190 50

n 26
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Hinh 3.8. Céc thong sb lién quan dén code duoc theo ddi bai cong cu ho tro
Visual Studio

3.4.2.2.2. M6i trwong phdt trién va thir nghiém phan mém

Hé théng dugc phat trién bang ngdn ngir 1ap trinh C# trén nén .Net
Framework 4.7 véi cac thong s6 dugc khai bao va diéu chinh d& dang trén
giao dién chinh ctia tng dung. H¢ théng hd tro hai ché d6 lam viée offline khi
khong co sensor thu thp dir liéu dao dong va online khi c6 sensor thu thap
truc tiép dir liéu dao dong cua tau [15].

Toan bd hé théng dugc xay dung st dung bd cong cu Microsoft Visual
Studio 2017 (Ban Community), két hop véi cac plugin dé doc va giao tiép voi

sensor.
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Grouper
4 OsillationDetector

£1 Predi
b &ES] SignalViewForm.cs
4 @] Helpers
b & c* AlglibHelper.cs
b & C* ArrayHelper.cs
4 @] Models
4 fml] Filters

[
[+
[
[+

4 fm] Se
3 Os
4 ] Signal
B BarPresenter.cs
P Signal.cs
P SignalDataFile.cs
3 SignalFeeder.cs
P SignalMer
P SignalPres
P & €* SignalProc
=] Utils
b & c* DataProperty.cs

Hinh 3.9. Trinh by cdu tric mi
ngudn cua chuong trinh duoc viét bang
ngdn ngit C#. Cong cu Visual Studio 2017
(ban Community) dugc dung dé to chirc
xay dung chuong trinh.

Hinh 3.10. Trinh bay céu trac Giao
dién do hoa chinh cua mg dung thu thap
dao dong va tinh toan chu ky lac cia tau.
Céc thanh phan hién thi va tinh toan dit liéu
dugc phan lap trén cac kénh riéng biét, chi
lién lac véi nhau khi can qua kénh tin quy
udc trude [19]. Viée nay giup cho hé thong
chay dugc mugt ma khong bi hién tugng

giat hay delay.
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Hinh 3.10. C4u trac giao dién do hoa chinh
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Trén co s& thuat toan va nén tang ngdn ngit 1ap trinh da dugc xac dinh &

cac nd1 dung trinh bay bén trén, phan mém thong bao 6n dinh cua tau hang ro1

thong qua chu ky lac ngang dugc xdy dung, dam bao chirc ning tinh toén,

hién thi cac thong tin 6n dinh va danh gia trang thai 6n dinh. Phin mém duoc

xay dung cho mot tau hang roi cy thé.

3.4.2.3. Giao dién chinh cua chuwong trinh

Control Setting
INPUT SIGNAL
O Data Files.
View
45 Browse
2
. ey " P
A \; f f Start simulstion sTOP {1
/ SN A N N y, den)
9 . N At b S
N\
e @ semor
4 1
- ot [COMM ] Start stoe |
ot _ = |
Eii J Saving data into folder [FAVMU VOCATIONAL COWEGEWNCKHNCEN 2018-2019\| | Browse
1 £ 67 100 133
View Trend  History  History-Data
15 7
56
96 s
42 28
12 14
[}
66 i 2 3 3 [ 7 ] E] 0
12 [E] @ [Theta:] Show GoM, GeZ
o
,:.‘: Min: § LB 125 537
E; J Max 6 UB: 10s
- vy c1
1 % & 100 133 vy 52 e 1o

Hinh 3.11: Giao dién chinh cua chuong trinh phan mém

- Cira s6 diéu khién (control): dugc str dung dé khai chay chwong trinh sau

khi da hoan tat cac cong tac chuan bi, cai dat cac thong s6 ban dau va dung

chuong trinh khi can thiét.

Control  Setting

O DataFiles

Start simulation STOP
(®)[Sensor
- s s

FAVMU VOCATIONAL COLLEGE\NCKH\NCKH 2017-2018\Cip b\A Phuong\Program\Pr [

: Preview

Saving data into folder [Cl\ | |

Browse

Hinh 3.12: Cira s6 diéu khién
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Trén cira s6 diéu khién nay c6 chirc ning luu trit “Saving data” dé cho
phép nguoi sir dung luu lai cac dit liéu vé ky lac ngang (T), s6 1an dao dong lic
ngang (F) va goc nghiéng ngang (Theta) tai cc thdi diém quan sat khac nhau,
cac gia tri nay duoc luu trit ty dong trong mot tép tin c6 dinh dang *.txt ¢ thu

muc da duoc chi dinh tir trude trén may tinh.

;I result_1.txt - Notepad — O >

File Edit Format View Help

F T Theta ~
6.7 8.96 0.3

6.7 8.96 0.3

6.7 8.96 0.3

6.7 8.96 0.3

6.7 8.96 0.3

6.7 8.96 0.3

Hinh 3.13: Tép két qua luu trit tuw dong cua Hé thong

- Cira s6 hién thi tin hiéu dau vao dugc ldy tir cam bién lap bén trong hé
théng. Khi tau lic ngang, cam bién gbc gia tdc s& hoat dong, tin hi¢u nhan dugc
tir cam bién s& dugc phian mém chuyén hoa thanh cac dao dong va phd ning
lugng cua dao dong. Truc tung ctua dd thi thé hién bién do cua dao dong lac
ngang. Con biéu d6 phia dudi truc hoanh 1a biéu dién phd nang lwong cia cac
dao dong lac ngang. Trén co sé tin hidu dua vao tir cam bién goc gia toc va cac
thong s cai dit ban dau, phan mém s& phan tich phd ning luong dao dong khi
tau lic ngang dudi tac dong cua song, gid. Do song, gio tac dong ngau nhién
khong tuan theo quy luat nén dao dong lic cua tau khong phai dao dong diéu
hoa ma thay doi theo tac dong cuia song, gid nén phd ning luong dao dong lic
ngang ciing thay doi theo. Phan mém sé& loai bo cac dao dong c6 ning lugng
bét thuong (Random) va chon loc cac phd ning luong dao dong lap lai thudong
xuyén (Periodic) dé xac dinh tan s6 dao dong lic ngang cua tau trong khoang
thoi gian quan sat (Observation windows) da cai dit san tir d6 xac dinh duogc

chu ky lic ngang cua tau (nhu da trinh bay chi tiét trong Muc 2.2).
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INPUT SIGNAL

Hinh 3.14: Ctra s6 hién thj tin hiéu dau vao

- Ctra s6 hién thi két qua dau ra bao gdm céc ndi dung:

+ Biéu d hién thi gia tri chu ky dao dong lic ngang (T) cta tau: truc tung
1a gbc nghiéng cia tau; truc hoanh 1a truc thoi gian. Gia tri chu ky lic ngang
clia tau s& duoc hién thi sau khoang thoi da dat o Cua $6 quan sat (Observation
windows).

+ Goc nghiéng ngang cua tau “Theta”

+ Gia tri trung binh chu ky lic ngang tinh toan dugc tai thoi diém quan sat
wp

Trend  History History-Data
b
56
4.2
28

1 2 3 4 5 [ 7 8 9 10
lEl Show GoM; GoZ ]
Min: 5 LB: 12s 522°
Max: 6 UB: 10s
Avg: 55 Avg: 1091s

Hinh 3.15: Ctra s6 hién thi két qua dau ra

Sau khi c6 chu ky lic ngang (T) dugc x4c dinh tai mdi thoi diém quan sat.
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Thi hé thng s& tu dong tinh toan cac thong s on dinh cia tau tai thoi diém d6
va dua ra canh béo trong cira s6 “Show GoM;GoZ” (Hinh 3.16).

3.4.2.4. Giao dién hién thi két qua cdc thong s6 on dinh tau tai thoi diém quan

it
Deatt iy E] GoM curve
Daglscemert [0} [24372 . i
Comsumption fonday)
Day Fresh Water O
N
=
&
2
T

Statbility status accroding to IS Code 2008 standard GoZ carve

Aogle Ve Satins
N o =

|40 |oss1 oK = 200

3040 (3] oK ; /-——...‘_ ?

GeZ>30 2889 oK \{ 5

GoZ max 2853y lox N g / \

GoMl e e ; 5// ~ s
53 3 ' g7

N [}
] 0 20 0 40 50 60 70 -] 90
Degrees

Hinh 3.16: Ctra s6 hién thi céac thong sb On dinh tau tai thoi diém quan sat
- Cika 6 théng bdo két qua én dinh va danh gid én dinh: dua ra cac gia tri
lién quan dén viéc danh gia 6n dinh cia tau theo quy dinh ctia IMO nhur:
+ Dién tich phia dudi canh tay don on dinh tinh tir 0° dén 30°;
+ Dién tich phia duéi canh tay don on dinh tinh tir 0° dén 40°;
+ Dién tich phia duéi canh tay don on dinh tinh tir 30° dén 40°,
+ Gia tr1 GoZ, GoM.

Statbility status accroding to IS Code 2008 standard

Angle Value | Status

40 0.951 |OK

3040 0.108 |0K

GoZ > 30 2.869 |0K

GoZ max 2.869(40) |OK

GoM 374

< >

Hinh 3.17: Giao dién danh gia 6n dinh tau theo Bo luat IS-2008
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Ngoai ra trong giao dién hién thi két qua cac thong sd 6n dinh tau con c6
hinh anh d6 thi bién thién theo thoi gian ciia GoM va GoZ dé cho sy quan hang
hai danh gi nhanh dugc xu huéng 6n dinh cia tau trong cac khoang thoi gian
tiép theo.
3.4.2.5. Huéng dan nhdp dir liéu cho chirong trinh phan mém hé thong

- Cai dit cac thong sb ban dau:

Tt cira s6 giao dién chinh cia chuong trinh (Hinh 3.11), chon Ctra s6 cai
dat chung “Setting” (Hinh 3.18), tién hanh cai dat thong sé nhu ngudng chu
ky lic ngang (T- Threshold) va gi6i han goc nghiéng ngang cua tau (Rolling
Amplitude) sao cho phu hop véi dic tinh goc nghiéng ngang va chu ky lac

ngang cua tau.

Input Setting:

I =] ©
Rnllnrnplitude:l 45 =] Parameters:

Correction Method: Mean v|[os10s

sampling Interval: [ 200 [ oo o

Prediction Setting: TThreshold: | 3 = seconds

Observation Window: | 1 - minutes Runtime Length: 10 : seconds

-
Mumbﬂn!candud;lcsi 5 =

Merging Method: on candidates:

Hinh 3.18: Cira s6 cai dat chung
- Nhap cac thong tin chuyén di (Hinh 3.19):
Trudc mdi chuyén di, sy quan can nhép cac thong sb:
+ Mén nudc trung binh dé phuc vu cho viéc xac dinh lugng gidn nudc;
+ Pinh muc tiéu thu nhién liéu, nudc ngot trong mot ngy dé phuc vu

cho viéc x4c dinh lugng gian nudc tai thot diém quan sat.

o5 GoM
Draft (d):
Displacement (D): |24372
Comsumption fon/day)
Day Fresh Water 0 |
T re ]

Hinh 3.19: Giao dién nhap cac théng s6 chuyén di
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3.5. Két luan chwong 3

Chuong 3 ctia luan 4n tap trung nghién ciru xay dung phan cing va phan
mém hé théng da dat duoc céc két qua co ban sau:

- Xay dyng mo hinh kién trac hé thdng, nguyén 1y hoat dong va cic yéu
cau d6i voi hé thong thong bao on dinh tau hang roi theo thoi gian thyuc, day 1a
co sO dé trién khai xdy dung phan cing va chuong trinh phan mém cua hé
thong;

-X4c dinh cac budc can thuc hién dé xay dung dugc mot hé théng hoan
chinh, day la cac budc bao trum toan bo tién trinh thuc hién xay dung, danh gia
va hiéu chinh hoan thién hé thong;

- Lua chon duoc céac thiét bi phan cimg ctia hé thong thong bao 6n dinh
tau hang roi theo thdi gian thue nhu thiét bi do goc nghiéng cia tau, ciu hinh
may tinh hé thong, hé thong thiét bi diu vao va dau ra cua hé thong;

- Thiét bi do goc nghiéng tau di dugc Trung tim k¥ thuét tiéu chuan do
ludng chit luong Hai Phong danh gia thoa man cac yéu cau vé phép do goc
nghiéng va phép do thoi gian. Viéc danh gia nay da lam tang do tin cay cua
thiét bi, ddm bao d6 chinh x4c trong qua trinh thyc hién céc tinh toan lién quan
dén chu ky lic ngang cua tau;

- Chuong trinh phan mém thong béo 6n dinh tau hang roi theo thoi gian
thue di duoc xay dung trén co sd luu d6 thuét toan duoc xac dinh tir trude,
cong nghé nén tang va cac cong cy hd trg phat trién hé théng phan mém, co so
ly thuyét lién quan dén viéc tinh toan va danh gia cac thong s6 on dinh cua tau.

Dé thuan tién cho viéc thuc nghiém hé thdng thi chuong trinh phan mém
thong bao on dinh duoc xay dung duya trén céc s6 liéu ctia mot tau hang ro1 cu
thé, chuong trinh phﬁn mém dam bao dugc chuc nang tinh toan, hién thi cac
thong tin 6n dinh va danh gid trang thai 6n dinh tau theo cc yéu cau dugc quy
dinh boi B luat IS Code 2008.

Cong tac trién khai thuc nghi¢m hé théng trén mot tau hang roi cu thé s&
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khong dé dang do yéu cau vé an toan trong quan 1y, khai thac, van hanh tau, vi
vay can phai tién hanh thuc nghiém so bg hé théng dé kiém tra, hoan thién hé
thdng trudc khi tién hanh thuc nghiém chinh thirc hé théng trén cac tau hang

roi cu theé.
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CHUONG 4. THUC NGHIEM HE THONG THONG BAO ON PINH
TAU HANG ROI THEO THOI GIAN THUC
4.1. Bo tri hé thong trén tau thwe nghiém
4.1.1. Hé théng thiét bi phuc vu cho cong tic
Hé thong thiét bi phuc vu cho céng tdc bao gom:
- May tinh da cai dat sdn chuong trinh phan mém tinh toan 6n dinh tau
theo thoi gian thuc thong qua chu ky lic ngang;

- Thiét bi do gbc nghiéng tau da duogc kiém dinh va hiéu chuén.

Hinh 4.1:Thiét bi do goc nghiéng ngang két nbi voi may tinh chay phan

mém cua hé thong
Vi tri dat thiét bi :

- Khéng gian trong budng 1ai: day 1a vi tri thuan lgi nhat cho viéc thuc
nghiém vi:

0 Buodng lai 13 trung tAm diéu khién trén tau c6 khong gian quan sat
t6t va co ddng hd chi bao goc nghiéng gitip cho ngudi dé dang quan
sat va dém chu ky lac ngang cua tau.

0 Day lavj tri & trén cao nén khi tau lic ngang thi cam bién trong thiét
bi do gdc nghiéng s& hoat dong tot hon mdi khi xuét hién cac dao

dong lac véi bién do nhd.
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- Khong gian khac: trong trudng hop khong thé dat thiét bi trén budng l4i
thi cac thiét bi phai dugc dit tai cac vi tri cang gan budng l4i cang tot dé co thé

tan dung duoc cac wu diém nhu d3 liét ké & trén.
Luu y trong qud trinh dat thiét bi :

- Vitri dat thiétbji phai 12 mat phang nim ngang va cac thiét bi phai duoc
giit ¢d dinh, khong duoc di chuyén trong subt qué trinh tién hanh dé dam bao
tinh 6n dinh ctia hé théng trong qué trinh hoat dong;

- Vi tri dat thiét bi dam bao khong 1am anh huéng dén hoat dong diéu
khién, van hanh, khai thac tau cta cac sy quan, thuyén vién trén tau.

- Neén dit thiét bj & khu vuc thuan tién cho viéc quan sat chu ky lac ngang
ctia tau nhu cac khu vuc gan cira so quan sat hodc gan thiét bi do goc nghiéng

cua tau.

4.1.2. Vin hanh hé thong

- Khéi dong hé thong:

Truée mbi chuyén di sy quan phu trach kiém tra cac trang thiét bi budng
lai tién hanh kiém tra va khoi dong hé thong thong béo 6n dinh cua tau hang
roi theo thoi gian thyc (Hé thong nay sé dugc lap dat trén budng 14i);

- Nhép dit liéu cho phdn mém hé théng (Muc 3.4.2.5)

- Theo doi, giam sat hoat dong ctia hé théng:

+ Theo ddi, giam sat tin hiéu dau vao nam & cira s6 giao dién chinh (Hinh
3.11), dam bao hoat dong binh thudng theo cac thong sb da cai dat;

+ Theo ddi, giam sat két qua du ra dé danh gia xu huéng thay doi 6n dinh
tau mdi khi tau c6 hién twong lic ngang vai bién do 16n, dic biét phai luu y dén

cac bao dong bang hinh anh, 4m thanh va anh sang (Hinh 3.17).

4.2. Cac buéc tién hanh thue nghiém

Sau khi da ldp dat hé thong théng bao 6n dinh theo thoi gian thuc & vi tri
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phtt hop thi tién hanh cac budc sau dé hé thong:

- Tién hanh khéi dong hé thong. Sau khoang 5 phut, hé thong chay 6n
dinh thi tién hanh ;
- Thyc hién nhiéu lan (tir 7 d&én 9 1an);

- Tién hanh theo cac budc sau day:

(0]

(0

(0

Nguoi thye nghiém cam dong hd bam gidy quan sat kim chi bao goc
nghiéng cta tau. Khai dong ddng hd bam gidy khi bat dau dém dao
dong cua kim chi bao goc nghiéng (mdi 1an kim di qua vi tri 0 thi
duoc tinh 12 1 dao dong). Theo cach ndy ngudi quan sat s& biét dugc
trong khoang thoi gian quan sat tau da thyc hién dugc bao nhiéu
dao dong. Bang cach lay thoi gian quan sat tinh bang gidy (lay tir
ddng hd bam gidy) chia cho sb lan dao dong dém duoc sé& xac dinh
duoc chu ky lic ngang cua tau trong mdi lan. Truong hop khéng cé
thiét bi chi bao goc nghiéng thi quan sat mép cac cira s6, mép man
tau so véi mat nude dé dém chu ky lic ngang cta tau hoic theo kinh
nghiém thue tién cia sy quan hang hai. Chu ky lic quan sat (T) duoc
xac dinh nhu sau: [1], [5]

Thoi gian quan sat

T = (4.1)

S6 dao dong thuc hién duwoc trong thoi gian quan sat
Quan sat dong thoi man hinh may tinh két ndi voi thiét bi. Ghi lai
gia tri cia chu ky lac ngang dugc xac dinh nho thiét bi va chuong
trinh may tinh trong mdi 1an.
Két hop véi Pai pho cua tau dé 1ay két qua tinh toan chiéu cao thé

vitng GoM va GoZ cuia tau tai thoi diém.

- So sanh cac két qua thu duoc:

(0

So sanh chu ky lic ngang duoc x4c dinh bang viéc dém dao dong
lic ngang cua tau v6i chu ky 1ic ngang do hé thdng tinh toan;
So sanh gia tri GoM do hé thng tinh todn dugc tir chu ky lic ngang

v6i gia tri GoM do may tinh xép tai trén tau tinh toan.

- Phén tich, danh gia cac két qua thu duoc sau khi di thuc hién phuong
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phép so sanh & trén.

4.3. Két qua thwe nghiém trén mét sé tau hang roi
4.3.1. Thuc nghiém trén tau Tau hang roi CHANG CHANG NAN HAI

Hinh 4.2: Tau hang r6i CHANG CHANG NAN HAI
4.3.1.1. Dia diém

Khu neo Cam Pha, Quang Ninh.

4.3.1.2. Théng s6 ddc trung ciia tau [38]

Tén tau: CHANG CHANG NAN HAL

Loai tau: ché hang roi.

Quéc tich/cang dang ky: China/Taizhou.
Chiéu dai toan bo (LOA): 188,99 m;
Chiéu dai tinh toan (Lpp): 185 m

Chiéu rong dinh hinh: 32,26 m

Chiéu cao man dinh hinh: 18,0 m

Mon nude: 12,80 m

Trong tai: 57.033,8 MT

4.3.1.3. Tinh trang cua tau khi thuc nghiém

Luong dan nudc: 32.845 tan
Mon nude: 5,76 m
Tu thé nghiéng, chui: Khong nghiéng ngang, chii 1ai.

Trang thai hoat dong cua tau: Xép hang tai khu neo thudc Cang Cam
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Pha, Quang Ninh.
4.3.1.4. Két qua do chu ky ldc
Bang 4.1: S liéu thyc nghiém do chu ky lic tiu CHANG CHANG NAN HAI

CHU KY LAC .
, CHU KY LAC bO
QUAN SAT (s) . SAI | % SAI
] DbUGOC BANG ) B
TT Cap séng . LECH | LECH
To THIET BI (s)
tuong ing (s)
1 10,1 2-3 10,22 0,12 1,2
2 | 10,3 2-3 10,51 0,21 2,0
3 1102 2-3 10,38 0,18 1,8
4 1 10,0 2-3 10,15 0,15 1,5
5 1 10,1 2-3 10,36 0,26 2,6
6 | 10,2 2-3 10,58 0,38 3,7
7 | 104 2-3 10,26 0,14 1,3
8 | 10,3 2-3 10,22 0,08 0,8
9 | 10,1 2-3 10,53 0,43 43

4.3.2. Thwc nghiém trén tau hang roi SERENE JUNIPER

Hinh 4.3: Tau hang ro61 SERENE JUNIPER
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4.3.2.1. Dia diém

Cang Cam Pha, Quang Ninh.

Khu neo danh cho tau hang roi xép d& hang.

4.3.2.2. Théng s6 ddc trung ciia tau [39]

Tén tau: SERENE JUNIPER.

Loai tau: cho hang roi.

Quéc tich/cang ding ky: Bahamas/ Nassau.
Chiéu dai toan bd (LOA): 190 m;

Chiéu dai tinh toan (Lpp): 183,3 m

Chiéu rong dinh hinh: 32,26 m

Chiéu cao man dinh hinh: 18,5 m

Moé6n nude: 13,00 m

Trong tai: 5.7185,10 MT

4.3.2.3. Tinh trang cua tau khi thuc nghiém

Luong din nudc: 27.246 tan

Mon nudce: 5,67 m

Tu thé nghiéng, chai: Khong nghiéng ngang, chii 1ai.

Trang thai hoat dong cua tau: Neo lam hang (Xép hang) tai khu neo

thuoc Cang Cam Pha, Quang Ninh.

4.3.2.4. Két qua do chu ky ldc
Bang 4.2: S6 li¢u thuc nghiém do chu ky lic tau SERENE JUNIPER

CHU KY LAC QUAN
SAT (s) CHUKY LACPO | SAI | % SAl
TT Cap séng PUQC BANG LECH | LECH
fo tuong g THIET BI (s) (s)
1| 9,20 2-3 9,23 0,03 0,33
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CHU KY LAC QUAN
SAT (s) CHU KY LAC PO SAL | % SAI
TT y Cap song DUQC BANG LECH | LECH
tuong ung THIET BI (s) (s)
2 | 9,10 2-3 9,48 0,38 4,18
31930 2-3 9,25 0,05 0,54
4 | 9,00 2-3 9,30 0,30 3,33
51 9,0 2-3 9,36 0,26 2,86
6 | 9,20 2-3 9,40 0,20 2,17
7 | 9,40 2-3 9,28 0,12 1,28
8 | 9,30 2-3 9,32 0,02 0.22
9 | 9,00 2-3 9,45 0,45 5,00

4.3.3. Thuc nghiém trén tau hang roi LI DIAN 3

Tau hang ro1 LI DIAN 3 thudc su quan ly cua Cong ty Trach nhiém Hiru
han Thuong mai va Van tai Than JIANGJIN LIDIAN, Trung Quéc. Thoi diém

thuc nghiém khi tau dang lam hang tai ving neo Cam pha, Quang Ninh.

Hinh 4.4: Tau hang ro1 LI DIAN 3
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4.3.3.1. Théng s6 déc trung cia tau[40]

- Tén tau: LI DIAN 3

- Loai tau: ché hang rot

- Qudc tich/cang dang ky: CHINA/ JIANGJIN
- Chiéu dai toan bd (LOA): 189,99 m

- Chiéu dai tinh toan (Lpp): 185 m

- Chiéu rong dinh hinh: 32,26 m

- Chiéu cao man dinh hinh: 18,0 m

- Monnuédc: 12,8 m

- Trong tai: 67.681,1 MT

4.3.3.2. Tinh trang cua tau khi thuc nghiém

Luong dan nuédce: 67.732,5 MT

Mon nude: 12,88 m

Tu thé nghiéng, chti: Khong nghiéng ngang, chai mili v6i trim -0,01m.

Trang thai ciia tau: Neo 1am hang tai khu neo Cam pha, Quang Ninh
4.3.3.3. Két qua do chu ky ldc
Bang 4.3: S6 liéu thyc nghiém do chu ky lic ngang tau LI DIAN 3

CHU KY LAC QUAN .
) CHUKY LAC PO
SAT (s) . ] SAI % SAI
TT ) PUGQC BANG HE ) )
Cap song 3 LECH | LECH
To THONG (s)
tuong Gng (s)
|| 940 23 9,50 0,10 1,06
5 | 9:30 23 9,49 0,19 2,08
3 | 910 23 9,44 0,34 3,73
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CHU KY LAC QUAN L
) CHU KY LAC bO
SAT (s) . . SAI % SAI
TT ] bUQC BANG HE ) .
Cap song . LECH | LECH
To THONG (s)
tuong ung (s)
4 | 9,50 7.3 9,43 0,07 0,77
5 | 9,80 7.3 9,47 0,33 3,34
6 | 9,60 7.3 9,48 0,12 1,25
71 920 7.3 9,46 0,26 2,86

4.3.4. Thuwc nghiém trén tau LUCKY STAR

Tau hang roi LUCKY STAR thudc su quan 1y ctia Tong cong ty c6 phan
van tai bién Viét Nam — VOSCO. Thoi diém thuc nghiém khi tau dang lam
hang tai ving neo Cam pha, Quang Ninh.

Hé thdng dugc xay dung hoan thién theo ho so tau LUCKY STAR, do d6
Hé thong d ghi nhan duoc day du cac thong sb on dinh cia tau thong qua chu

ky lc trong qua trinh tau lam hang.
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4.3.4.1

4.3.4.2

4.3.4.3

. Théng sé ddc trung ciia tau [41]

Tén tau: LUCKY STAR

Loai tau: ché hang roi

Quéc tich/cang ding ky: Viét Nam/ Hai Phong
Chiéu dai toan bo (LOA): 153,2 m

Chiéu dai tinh toan (Lpp): 143 m

Chiéu rong dinh hinh: 26 m

Chiéu cao man dinh hinh: 13,75 m

Mon nude: 9,517 m

Trong tai: 22.776,82 MT
. Tinh trang cua tau khi thuc nghiém

Luong dan nudc: 24.317 tan

Mon nude: 8,26 m

Luong tiéu thu nudc ngot khi chay bién: 7MT
Luong tiéu thu nhién liéu khi chay bién: 19 MT
Tu thé nghiéng, chai: Khong nghiéng ngang; chi 14i véi trim 0,04 m.

Trang thai hanh trinh cua tau: Neo tai khu neo Cam pha, Quang Ninh

. Két qua do chu ky ldc

Bang 4.4: Sd li¢u thuc nghiém do chu ky lic tau LUCKY STAR

CHU KY LAC QUAN | CHUKY LAC
o SAT (s) PO PUQC SAI % SAI
. Cap song tuong BANG HE LECH | LECH
0 =
ung THONG (s) (s)

1 | 10,40 2-3 10,22 0,18 1,73

2 110,30 2-3 10,47 0,17 1,65

3 19,90 2-3 10,26 0,36 3,64
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CHU KY LAC QUAN | CHUKY LAC
o SAT (s) PO bUGC SAI % SAI
. Cap song tuong BANG HE LECH | LECH
0 =
ling THONG (s) (s)

4 | 10,50 2-3 10,24 0,26 2,48

5 110,80 2-3 10,56 0,24 2,22

6 | 9,80 2-3 10,15 0,35 3,57

7 110,20 2-3 10,38 0,18 1,76

4.3.4.4. Két qua xdc dinh GoM, dwong cong GoZ [41]

Bang 4.5: S6 liéu thyc nghiém xac dinh GoM tau LUCKY STAR

CHUKY
- GoM (m) GoM (m)
LAC DO o
Theo chu | Theo phan mém
PUGC , P SAI | % SAI
. ky lac do ¢p do hang ctua .
TT | BANG | V€GO | XP S LEcH | LECH
THIET BI duqc,bang ta}l duoc dang @)
thict bi kiém phé duyét
(s)
1 10,22 3,82 3,73 0.090 2,41
2 10,47 3,64 3,73 0.090 2,41
3 10,26 3,79 3,73 0,06 1,61
4 10,24 3,80 3,73 0,07 1,88
5 10,56 3,57 3,73 0,16 4,29
6 10,15 3,87 3,73 0,14 3,75
7 10,38 3,71 3,73 0,02 0,54
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Bang 4.6: S6 lidu thuc nghi¢m xac dinh dac tinh duong cong GoZ tau
LUCKY STAR (Muc 10, phan Phu luc)

Tiéu chuén 6n dinh Theo tinh toan tir | Theo hé théng
(IS Code 2008) phan mém xép d& xac dinh
hang cua tau dugc
dang kiém phé
duyét
Dién tich 0 - 30°%(m-rad) 0,563 0,576
Dién tich 30° - 40°(m-rad) 0,441 0,452
Dién tich 0 - 40°%(m-rad) 1,003 1,016
GoZmax (M) 2,74 2,87
Go6c nghiéng dat GoZmax (d0) 44,00 42,00

STABILITY CURVE
SHIP NAME : LUCKY STAR
COND.NAME : COAL IN BULK
( DISPLACEMENT : 24317.50 )
3 Goz (m) S —
[ | | | ‘ |
I T  —
| | .
2| | \ ) L] Mo |
| L | ]
‘41 ‘ |
1 1 1l ] ‘
1l [ | |
|
{ |
0 __a ,,,r.ﬁ,r,fiﬂdn | I S
Tlizs =
=N i i ‘
[V [
.
2|
2| [ e | e
-30 -20 =10 [e] 10 20 30 40 50 60 70
HEEL ANGLE (deg)

Hinh 4.6: Puong cong GoZ theo tinh toan tir phan mém xép d& hang cua tau

LUCKY STAR dugc diang kiém phé duyét (Muc 10, phan Phy luc)
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GoZ curve

GoZ
~
2

oL
V

02

L=l

Hinh 4.7: Pudng cong GoZ theo tinh toan tir hé thong d xay dung cho tau
LUCKY STAR (Muc 10, phan Phu luc)

4.3.5. Thuc nghiém trén tau hang roi BMC BRAVO

Tau hang roi BMC BRAVO thudc su quan 1y cua Cong ty CP VTB Qudc
té Binh Minh. Thoi diém thuc nghiém khi tau dang hanh trinh tir Ctra Lo- Nghé
An di Quang Ninh. Trong 1in thuc nghiém nay, nghién ciru sinh di tién hanh
xéac dinh thong sd 6n dinh ciia tau GoM thong qua chu ky lic ngang trong qua

trinh tau tién hanh trao d61 nudce dan.

Hinh 4.8: Tau hang r601 BMC BRAVO
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4.3.5.1. Théng s6 dic trung ciia tau[42]
Tén tau: BMC BRAVO

- Qudc tich/cang dang ky: Panama/Panama

- Chiéu dai toan bd (LOA): 97,61 m

- Chiéu dai tinh toan (Lpp): 89,95 m

- Chiéu rong: 18,8 m

- Chiéu cao man dinh hinh: 13,00 m

- Mobn nudc: 9,21 m

- Trong tai: 9.430 MT

4.3.5.2. Tinh trang cua tau khi thuc nghiém

- Luwong din nudc: 10.383 tn

- Mon nudc: 8,00 m

- Luong tiéu thu nudc ngot khi chay bién: SMT

- Luong tiéu thu nhién liéu khi chay bién: 13 MT

- Tu thé nghiéng, chti: Khong nghiéng ngang; chui l4i véi trim 0,01 m.

- Trang thai hanh trinh cua tau: Hanh trinh tir Cra Lo di Quang Ninh.
Cmbph

chbbw
o C 3“"
<

Haipheng
20°46°42" N 107°09' 24" E

Halkng

20° 39° 48"
200 37" 30"

07°12'54" E
07° 15' 00" E

200 31" 48" N 1070 14°06"E

20°23'42" N J07° 05" 12" E

Hinh 4.9: Khu vuc tau hanh trinh trong khi tién hanh thuc nghi¢m hé théng
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4.3.5.3. Két qua thyre nghiém trong qud trinh tau trao doi nwdéce dan

Béng 4.7: Chu ky lic ngang va GoM trong qua trinh tau trao d6i nudc dan trén
tau BMC BRAVO (Muc 11, phan Phu luc)

Chu ky lic Gia tri Ghj chu hoat
quan sat Ty GoM dong bom
u €o allas
(s) Chu ky Th‘ ballast
Thoi gian/ (do bang tay) lac ,Chi thm Khoi
TT vi tri bao | meém lirong
|trén h¢ Xep A0 | 76n két | nuoe
Cap |thongTs| hang | pu1145t | ballast
To(s) | s
song | (s) |cuatau trong
(m) két
Lan 1
. Ngay: 28/03/2019
Khi chua
Gi0: 06h00m WBT
bom 14,5 3 14,81 1,26 03T
Vido: 20°23.7N 5P/S
ballast
Kinh d¢: 107°05.2E
vao
Lin 2
Khi dang [Ngay: 28/03/2019
bom |Gi6: 07h05m, WBT
14,4 3 14,64 | 1,32 80T
nudc |Vido: 20°31,8N 5P/S
ballast |Kinh d6: 107°14,1E
vao
Léan 3
Khi da
Ngay: 28/03/2019
bom du
Gi10: 07h46m, WBT
luong 14,8 3 14,25 | 1,40 200T
Vido: 20°37,5N 5P/S
nudc
Kinh d¢: 107°15,0E
ballast
vao
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Chu ky lic Gia tri| Ghi chi hoat
quan sat Ty GoM dong bom
(s) Chu ky Theo ballast
Thoi gian/ (do bang tay) | 1a¢ ,Chi phkén Khoi
TT vi tri bao | mem leong
) | trén h¢ XCp A | 76n két | nueoe
To(s) Cap |thongTs hang | po/ia5t | ballast
song (s) |cuatau trong
(m) két
Lin 4
) Ngay: 28/03/2019
Khi dang|
Gi0: 08h05m, WBT
bom 15,1 3 14,7 5| 1,28 40T
~|Vido: 20°39,8N 5P/S
nuoc
Kinh d%: 107°12,9E
ballast ra
Lin 5
~ . |Ngay: 28/03/2019
Khi ket |
Gi0: 09h00m, WBT
thuc bom 14,6 3 14,80 | 1,26 06T
~|Vido: 20°46,7N 5P/S
nuoc
Kinh d9: 107°09,4E
ballast ra

1.4

1.35

13

12

05h00

GoM

1.5 ¥

06h00

07h00

08h00

09h00

Hinh 4.10: D6 thi bién thién GoM theo thoi gian khi tau thay d6i nuée dan

Ttr s6 liéu thu thap duoc trong Bang 4.7, ¢ thé 1ap bang so sanh giita chu

ky lac quan sat dugc (To) voi chu ky ldc chi bao trén hé thong (Ts) ciing nhu

1ap bang so sanh giita GoM duoc xac dinh theo chu ky lc chi béo trén hé thong

va GoM dugc tinh toan tir phan mém xép dd trén tau di dugce ding kiém phé

duyét,

cu thé nhu sau:
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Bang 4.8: So sanh s6 liéu thuc nghi¢m do chu ky lac tau BMC BRAVO

CHUKY LAC CHU
QUAN SAT (s) | KY LAC
PO
% buGQC SAI % SAI
C o 3
T . 611; BANG | LECH | LECH
To tuong THHE (s)
g ONG,
Ts (s)
1 14,5 3 14,81 0,31 2,14
2 14,4 3 14,64 0,24 1,67
3 14,8 3 14,25 0,55 3,72
4 15,1 3 14,75 0,35 2,32
5 14,6 3 14,80 0,20 1,37

Bang 4.9: So sanh GeM  theo chu ky lic do bang thiét bi va GoM theo chuong
trinh may tinh xép tai ctia tau BMC BRAVO (Muc 11, phan Phu luc)

CHUKY
LAC DO | GoM (m) GoM (m)
gggg du-o’c x?ic TPeo Ph?}n méfn SAT | % SAI
TT A dinh tr | x€p do hang cua - s
HE . LECH | LECH
Py chuky lac | tau dugc dang ('m)
THONG ngang kiém phé duyét
(s)
1 14,81 1,24 1,26 0,02 1,59
2 14,64 1,27 1,32 0,05 3,78
3 14,25 1,34 1,40 0,06 4,29
4 14,75 1,25 1,28 0,03 2,34
5 14,80 1,24 1,26 0,02 1,59
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4.3.6. Thwe nghiém trén tau hang roi TAN BINH 234

Hinh 4.11: Tau hang roi TAN BINH 234

4.3.6.1. Dia diém
Tau hanh trinh tir trong Nosco Dock dén Cam Pha, Quang Ninh rdi di
Vinh Tan, Binh Thuan.

4.3.6.2. Théng so dic trung ciia tau
- Tén tau: TAN BINH 234
- Loai tau: ché hang roi
- Qudc tich/cang dang ky: Viét Nam/ Hai Phong
- Chiéu dai toan bd (LOA): 177 m
- Chiéu dai tinh toan (Lpp): 168,5 m
- Chiéu rong dinh hinh: 28,4 m
- Chiéu cao man dinh hinh: 14,25 m
- Moén nude: 10,02 m

- Trong tai: 32.936 MT

4.3.6.3. Tinh trang cua tau khi thuc nghiém
Lugng dan nudce: 39.675,16 tAn
Moén nudc: 10,02 m
Tu thé nghiéng, chui: Khong nghiéng ngang; khong chui véi trim 0,0 m.

Trang thai hoat dong cua tau: Hanh trinh tir trong Nosco Dock di Cam
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Pha, Quang Ninh roi dén Vinh Tan, Binh Thuan.
4.3.6.4. Két qua do chu ky ldc

Bang 4.10: S6 liéu thyc nghiém do chu ky lac tau TAN BINH 234 (Muyc
12, phﬁn Phu luc)

CHU KY LAC .
, CHU KY LAC bO
QUAN SAT (s) . SAI % SAI
] bUQC BANG . R
TT Cap song . LECH | LECH
To THIET BI (s)
tuong ung (s)
1| 11,1 5-6 10,91 0,19 1,71
2 | 10,7 5-6 10,86 0,16 1,50
30 11,2 5-6 11,03 0,17 1,52
4 | 11,4 5-6 11,17 0,23 2,02
51 1L6 5-6 11,21 0,39 3,36
6 | 10,9 5-6 11,08 0,18 1,65
7 1 11,3 5-6 11,15 0,15 1,33

4.3.6.5. Két qua xdc dinh GoM
Bang 4.11: S6 liéu thuc nghiém xac dinh GoM tau TAN BINH 234 (Muc 12,
phéan Phy luc)

CP}U KY | GoM (m) GoM (m)
LAC BO Theo ch \ 5
e(? M1 Theo phan mém
pUOC | kylicdo | SAI % SAI
. x€p do hang cua . _
TT BANG duogc LECH LECH
R 5 tau duoc dang
THIET BI bang . (m)
s) thiét bi kiém phé duyét
1 10,91 3,62 3,59 0,03 0,84
2 10,86 3,65 3,59 0,06 1,67
3 11,03 3,55 3,59 0,04 1,11
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CHU KY | GoM (m) GoM (m)
LACD Theo ch 3 5
¢ DO e(,) M1 Theo phan mém
PpUOC | kylicdo | SAI % SAI
. xe&p do hang cua A i
TT BANG duoc LECH LECH
R 5 tau duoc dang
THIET BI bang . (m)
s) thidt bi kiém phé duyét
4 11,17 3,46 3,59 0,13 3,62
5 11,21 3,43 3,59 0,16 4,46
6 11,08 3,52 3,59 0,07 1,95
7 11,15 3,47 3,59 0,12 3,34

4.3.7. Ddnh gid két qua thwe nghigm

Trén co s& cac s lidu thue nghi¢m da thu thap dugc tir 06 tau hang roi
nhu trén, c6 mot s6 nhan xét sau:

- Sai léch do chu ky lic ngang cua tau bang hé thdng va bang quan st
dudi 1s.

- Sai 1éch gia tri GoM dugc xac dinh béng hé théng va bﬁng phén mém Xép
d& hang cua tau dugc ding kiém phé duyét dudi 5%.

- Hé thdng hién thi mot cach tw dong su thay doi ctia chu ky lic ngang va
gia tri GoM trong qua trinh bom, xa nudc dan tau.

Két qua trén cho thay hé théng hoat dong 6n dinh, tin cay.

4.4. Két luan chwong 4

Chuong 4 cta luan an tip trung nghién ctru thyc nghiém dé kiém ching
két qua chinh dugc dé cap trong Chuong 3 cua luin an. Viéc nghién ciru thuc
nghiém dugc tién hanh trén cac tau hang rdi hoat dong trén bién. Két qua da
dat duoc ciia Chuong 4 cu thé nhu sau:

- Pua ra cac hudng dan, yéu cau va luu y khi lap dat hé théng thong bao

on dinh theo thoi gian thyc trén tau thuc nghiém. Xay dung cac budc can thuc
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hién trong qu4 trinh tién hanh thyc nghiém trén tau.

- Tién hanh thuc nghiém trén cic tau hang ro1 ¢ cac trang thai khac nhau,
trong d6 c6 mot tau dang trao d6i nudc dan trong khi hanh trinh (BMC
BRAVO). Cac két qua thuc nghiém thu duoc lién quan dén chu ky lic ngang
va GoM cuia tau tai thoi diém quan sat déu thoa man cac muc dich, yéu cau ma
dé tai da dua ra ciing nhu cac quy dinh cua IMO vé 6n dinh nguyén ven tau

hang roi.
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KET LUAN VA KIEN NGHI
1. KET LUAN

Bang cac phuong phap nghién ctru di thuc hién trong luan an “Nghién
cieu thiét ké hé thong thong bdo on dinh theo thoi gian thire cho tau hang roi”,
luan 4n d3 dat duoc muc dich nghién ctru dit ra, v6i cac két qua cu thé nhu sau:

1.1. Hé thong hoa cac quy dinh lién quan dén 6n dinh nguyén ven cua tau
hang néi chung va tau hang roi noi riéng. Cac tiéu chuan vé 6n dinh nguyén
ven tau hang roi déu tuan thu cac tiéu chuan 6n dinh duogc quy dinh trong Bo
luat quéc té vé 6n dinh nguyén ven (IS Code 2008). Phan tich cac yéu té anh
huéng dén 6n dinh cua tau hang roi dé dua ra canh bao khi 6n dinh tau suy
giam cho thuyén truong va sy quan trong qué trinh xép d& va van chuyén hang
roi.

1.2. Dé tai luan an da xay dung duoc thuat toan xac dinh chu ky lac ngang
cua tau tir goc nghiéng ngang theo thoi gian thuec.

1.3. Phan tich, Iya chon cong thirc 1am co sé dé xac dinh chiéu cao thé
vitng (GoM) ciia tau theo thoi gian thuc thong qua chu ky lic ngang, day la
cong thire dugce dé cap dén trong nhiéu hd so xép tai cta tau hang rdi, phi hop
v6i yéu cau cua Bo luat qudc té vé 6n dinh nguyén ven (IS Code). Trén co s&
d6, dua ra phuong phap vé dudng cong canh tay don 6n dinh tinh (GoZ).

1.4. Xay dyng mo hinh kién tric ciia hé thong thong bao 6n dinh tau hang
rOi theo thoi gian thuc, nguyén 1y hoat dong va cac yéu ciu cta hé thong. Trén
co s& mo hinh kién trac hé thdng, luan an da thiét ké, xay dung phan ctng va
phan mém hoan chinh cho hé théng. Phin mém c6 kha ning ty dong tinh toan
va hién thi theo thoi gian thuc gia tri chu ky lic ngang, chiéu cao thé viing,
duong cong canh tay don 6n dinh tinh cta tau; ciing nhu dwa ra tin hiéu canh
béo khi chiéu cao thé viing cua tau c6 xu hudng giam hodc khi khong dam bao

ti€u chuan 6n dinh.
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1.5. Trién khai thuc nghi¢m thanh cong hé théng trén mot sb tau hang roi.
Trong d6 ¢6 01 tau (tau BMC BRAVO) dugc thuc nghiém trong diéu kién chay
bién, ¢o trao doi nude dan tau. Két qua cho thay sai léch vé chu ky lic ngang
va chiéu cao thé vimg GoM xéac dinh duoc tir hé thong theo thoi gian thuc déu
& muc do cho phép dbi voi an toan hang hai. Hé thong hoat dong 6n dinh, tin
cay.

2. KIEN NGHI

Kién nghi cta luan an ciing chinh 1a nhitng vin dé can quan tdm trong
huéng nghiém ciru tiép theo, cu thé:

2.1. Trong luan 4n d3 xay dung hoan thién phan cing, phan mém hé
thong thong bao 6n dinh theo thdi gian thuc cho tau hang roi va c6 thé hoat
dong doc 1ap khi duoc lap dit trén tau hang roi, nhung hé théng phan ctng
van con ton dién tich néu duoc lép dat trén tau. Vi vay, trong thoi gian tdi, co
thé trong cac nghién ctru tiép theo nghién ciru sinh sé& tich hop hé thong vao
trong céc thiét bi hién c6 trén tau nhu may tinh xép tai, hai d6 dién tir... dé tiét
kiém khong gian dit thiét bi ciing nhu tao thuan tién cho sy quan hang hai
khai thac str dung hé thong khi tau hanh trinh trén bién.

2.2. Cac tau hang roi duoc trién khai thyc nghiém hé thong 1a cac tau
dang neo dau lam hang hodc hoat dong ven bo trong diéu kién thoi tiét cho
phép. Cac két qua thuc nghiém thu thip duoc, sau khi duoc phan tich, danh
gia da dap tmg duoc cac yéu cAu ma luan an dua ra. Tuy nhién, dé hé thong
c6 d0 tin cdy cao hon trudc khi trién khai 4p dung vao thuc tién thi nghién ciru
sinh can tiép tuc lién hé thuc nghiém trén cac tau hang roi chay tuyén xa bo
va hoat dong trong cac diéu kién thoi tiét kho khan hon.

2.3. Sau khi hé théng dugc tinh gidn, gon nhe va c6 dd tin cdy cao, nghién
ctru sinh s& tién hanh tim hiéu nhu ciu ctia cac cong ty quan ly khai thac tau
hang roi vé viée trang bi hé thong théng bao 6n dinh theo thoi gian thuc cho
tau hang roi dé hudéng téi thuong mai héa san pham dé tai néu c6 don vi dat

hang.
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PHU LUC
CAC GIAY TO LIEN QUAN PEN HOAT PONG THUC NGHIEM VA
THIET BI TRONG HE THONG

1. Gidy x4c nhéin thwe nghiém trén tau CHANG CHANG NAN HAI

On 5'-4*11‘{{,{ 2018, the research team including: Dr. Nguyen Kim
Phuong, MSc. Nguyen Xuan Long, MSc. Tu Manh Chien - Lecturers of

Vietnam Maritime University, goes on board the M/v CH&N (. CH anlli=. VAW, ]
I weiiiinrenssnnnssssiasneseeseeeens. 10 implement the following matters:

1. Collecting the necessary technical documents, specifications, drawings
and data of the ship for the research purposes.

2. Carrying out an experiment of the stability monitoring system for bulk
carriers with deadweight of 20,000 tons and upward; recording the experimental

process and some other contents of the research.

MASTER OF M/V._.[AHR0(CHAN (. (VAN KA T
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2. Gidy xdc nhan thue nghiém trén tau SERENE JUNIPER

CAM PHA.PORX....., Date:.23./.8./2018
CERTIFICATION

M. SERENE JUMPER..... confirmed that:
On ...23/.8./ 2018, the research team including: Dr. Nguyen Kim
Phuong, MSc. Nguyen Xuan Long, MSc. Tu Manh Chien - Lecturers of

.....

in .CAM.LHALCAT............... to implement the following matters:

1. Collecting the necessary technical documents, specifications, drawings
and data of the ship for the research purposes.
2. Carrying out an experiment of the stability monitoring system for bulk

carriers with deadweight of 20,000 tons and upward; recording the experimental

process and some other contents of the research.

MASTER OF M/V....SERENE.. JUINIEER
(Sign and Stamp)
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3. Gidy x4c nhén thwe nghiém trén tau LUCKY STAR

CONG HOA XA HQI CHU NGHIA VIET NAM
Dgc lap - Ty do - Hanh phiic

Hi Phong, ngay 18 thing 01 nam 2019

GIAY XAC NHAN

Tau LUCKY STAR, S6 IMO: 9542582, xéc nhin ring:

Ngdy 18 thing 01 nam 2019 nhém nghién ciru gdm: PGS.TS. Nguyén Kim
Phuong, ThS. Nguyén Xuan Long, ThS. Tir Manh Chién — Can b gidng day truong
Dai hoc Hang hai Vigt Nam, d tryc tiép dén tau LUCK'Y STAR tai khu neo Cim Pha,
dé tién hanh thyc hién mot sé ndi dung sau day:

1. Thu thip céc tai li¢u, thong sb ky thut, ban ve, s8 ligu cin thiét cia tau phuc
vu cho vén dé nghién ciru.

Z.Ihucnghiemheﬂlénggiﬂmsétuugmﬁhinh&lnhcﬁaﬁuhéngrﬁuongtéi

mm.m&wmmmmmmmmﬂm«ﬁmMMpmvu
vin dé nghién ctru.

Tréin trong xéc nhn./.
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4. Gidy xac nhan thuc nghiém trén tau BMC BRAVO
[ —

CONG HOA XA HOI CHU NGHIA VIET NAM
Pie lip - Ty do - Hanh phiic

Hai Phong, ngavAthang 3 nam 2019
GIAY XAC NHAN

AT ool mmm e xéc nhén ring:

Ngdy £%thang 2. nam 2019 nhém nghién ctru gdm: ThS. Nguyén Xuan Long.
ThS. Tir Manh Chién — Cén bj gidng day trudmg Pai hoc Hang hai Viét Nam. da truc
tiép dén tau .BE..BRAVD.................. tai ...cg'.,%...c.é‘....,l,o‘: ....................
hanh trinh tir cang . C.da LS. 0., cing..... &N G dé tién hanh thyc hién
mot s6 ndi dung sau day:

1. Thu thdp céc tai li¢u, thong sb k thudt, ban v&, s6 li¢u cén thiét cia tau phyuc
vu cho vin dé nghién ciru.

2. Thue nghiém hé thong thong bao 6n dinh tau hang roi theo thi gian thuc, ghi
hinh qua trinh thye nghi¢m va mt s6.ni dung khac phyc vu van dé nghién ciru.

Tran trong xac nhan./.

ke i g THUYEN TRUONG TAU.....2MO.. 8RAVN........
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5. Gidy x4c nhan thwe nghiém trén tau LI DIAN 3

Cam Pha, Date:Qct. 30, 2019

CERTIFICATION

M/v LI DIAN 3" confirmed that;

On OCT. 30, 2019, the research team including: MSc. Nguyen Xuan Long,
- Lecturers of Vietnam Maritime University, goes on board the M/v “LI DIAN
3” in Campha, Quangninh, Vietnam to implement the following matters:

1. Collecting the necessary technical documents, specifications, drawings
and data of the ship for the research purposes.

2. Carrying out an experiment of the stability monitoring system for bulk
carriers with deadweight of 20,000 tons and upward; recording the experimental

process and some other contents of the research. ”~

/-

‘-'_‘-;T-___\_
LI DIAN 37
(Sign anff]sfaﬂ’p)i[ 3/

- -
— -

TASTER OF M/V
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6. Gidy xic nhan thue nghiém trén tau TAN BINH 234

b

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc Lip - T do - Hanh phiic

Hai Phong, ngay 2&thang ¥ nam 2018
GIAY XAC NHAN

Tau TEN BN F%0.54 SR S xac nhan ring:

Ngay 28 thang & nam 2018 nhom nghién ctu gdm: PGS.TS. Nguyén Kim
Phuong, ThS. Nguyén Xudn Long, ThS. Tir Manh Chién — Can b giang day truong
Pai  hoc _ Hang hai Vit Nam, di tryc tiép dén  tau

TAN. BINH...234 Ao NOSCR.. DACK

dé tién hanh thyc hién mét s6 ndi dung sau day:

1. Thu thip cic tai liéu, thong s6 ky thuat, ban v&, sd lidu cin thiét cta tau phuc
vu cho véin d& nghién ctru.

2. Thyuc nghiém hé théng gidm sat trang thai hanh trinh ciia tau hang réi trong tai
tir 20.000 tén tré 1én, ghi hinh qué trinh thyc nghiém va mot s ndi dung khac phuc vu
vén dé nghién ciru.

Tréan trong xac nhan./,
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7. Gidy chirng nhin kiém dinh thiét bi do géc nghiéng tau

CHI CUC TIEU CHUAN PO LUONG CHAT LUONG
TRUNG TAM KY THUAT TIEU CHUAN DO LUONG CHAT LUGNG HAI PHONG
Dia chi : $6 240 Vén Cao - Diing Giang - Ngd Quyén - Hai Phong
Pién thoai/Fax: 031.3553999: Web: www.smghaiphong.com

S6: 3984, 18/TN2-TTKTTDC Trang 1.../ ...
KET QUA THU NGHIEM

1.Tén méu thit: Thiét bj do goc nghiéng tau
2. Cuia co s&: Truomg Pai hoc Hang Hai Vigt Nam
Pé tai: Nghién ciru, thiét ké va ché tao hé thong giém sét hanh trinh ctia tau hang roi
¢6 trong tai tir 20.000 tén tr 1én. Ma s6: DT183037
‘3. 86 lugng mau: 01
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8. Bang tinh Ban kinh quay K cua tau BMC BRAVO

- CALCULATIO
f, N OF RADIOUS oF GYRATION
2RESPONDING DRAFT g (m)
53““ 2 201 4. 201 5.201 7.201 8.201 9.201
LDED DRAFT g (m) 2 187
uL p—— .18 4.187 5.187 7.187 8.187 g.187
aL0cK € - b | o.6276] o0.6875 0.7062 0.7386| o0.7542| o 7688
x Cb
Cu 0.618 0.677 0.695 0.727 0.742 0.757
=1 - - e .
gr 9201 W r=1-gmiese 0.794 | 0.997 | 1.000 | 1.000 | 1.000 | 1.000
Hs / ad’
s 7.753 4.050 3.269 2.359 2.071 1.846
B Hs/d'xr - 2.20 3.856 | 1.838 | 1.069 | 0.159 | -0.129 | -0.354
} 1 10:Cu(1-l:b)u[Hs/u'xr-a_aal 1.595 0.622 0.340 0.045 | -0.034 | -0.089
L]
s CuxCb+ (1) + (Hs/B) 3.026 2.112 1.848 1.585 1.521 1.481
f
- 0.133 0.132 0.131 0.130 0.130 0.129
BT =t x (2) 0.403 0.279 0.243 0.206 0.197 0.191
#LATION BETWEEN DRAFT & RADIOUS LENGTH L (m) 89.95
BREADTH B (m) 18.80
PROJECTED AREA
0OF UPP. DECK 1664 .7
Au (mY)
PROJECTED AREA
10.00 COEFFICIENT 0.984
Cu=Au/LB
W.00 1
8 00
) \
3 1o PROJECTED AREA
4 \ ABOVE UPP.DECK 355 .8
z 800 As (m"
}'_ s o0
‘-151 \\\
DEPTH D (m) 13.000
10 | \
EFFECTIVE D
- | | | Hs = D+As/L 16.956
L)
b oo o 10 0.20 . 0.3 0 40 o %0
/B (Hs/B)"* 0.813
~
H‘-'-'-‘—-__
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9. Cac dwong cong xic dinh GoM tir chu ky lic ngang va mén nwéc trung
binh cia tau BMC BRAVO
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TRIM CALCULATION and SUMMARY

10. Cac thong s6 6n dinh ciia tau LUCKY STAR tai thoi diém thwe nghiém
10.1. Bdng tinh GoM

SHIP NAME : LUCKY STAR
COND NAME : COAL IN BULK
( SEA WATER = 1.0250 )
ITEM WEIGHT  MID.G  MOMENT K G MOMENT 1
(%) ARES) {m) (t-m) (m) (t=-m) (t-m)

LIGHT WEIGHT 5668.98 7.79 44161.4 9.80 55556.0 0.0
PROVISION 10.00 67.80 678.0 14.80 148.0 0.0
CREW & EFFECTS 5.00 53,10 265.5 21.40 107.0 0.0
STORE 100.00 -65.60 -6560.0 15.10 1510.0 0.0
WATER & OIL IN E.R 60.00 54.80 3288.0 8.60 516.0 0.0
COOLING WATER TANK 25.00 66.41 1660.3 3.83 95.8 0.0
CONSTANTS 200.00 =3.3 -668.2 11.88 2376.8 0.0
ROIS:T 70 20.00 54.€ 1092.4 0.52 10.4 7.5
NO.1 F.O0.T (C) 74  150.00 -34.63 -5194.5 0.60 90.0  482.1
NO.2 F.O.T (P) 77 225.00 -12.50 -2812.5 0.64 144.0 1102.2
NO.2 F.O.T (8) 77 225.00 -12.50 -2812.5 0.64 144.0 1102.2
NO.3 F.O.T (P) 77 160.00 11.50 1840.0 0.63 100.8  378.5
NO.3 F.O.T (S) 77 160.00 11.50 1840.0 0.63 100.8  378.5
NO.4 F.0.T.(C) 67 195.50 32.70 6392.9 0.55 107.5 1737.4
FUEL OIL TOTAL 1115.50 _ -0.67 -746.6 0.62 687.1 5180.9
NO.1 D.O.T (P) 51 25.00 51.55 1288.8 0.68 17.0 51.0
NO.1 D.O.T (S) 51 25.00 51.55 1288.8 0.68 17.0 51.0
NO.2 D.O.T (P) 75 50.00 63.17 3158.5 10.90 545.0 49.0
NO.2 D.O.T (S) 12 47.50 63.17 3000.6 10.80 513.0 46.5
DIESEL OIL 147.50 59.23 8736.7 7.40 1092.0  197.5
F.W.T (P) 29 14.97 67.44 1009.6 11.54 172.8 I
F.W.T (S) 89 45.48 67.47 3068.5 12.43 565.3 50.1
A.P.T ( F.W. ) 56 IG.ADR - 6Tu1Z 5131.3  8.55 653.6  551.7
FRESH WATER 136.90 67.27 5209.4  10.17 1391.7 _ 625.0
F.P.T. 5 32.00 -66.99 -2143.7 0.65 20.8 69.8
NO.1 W.B.T (P) 14 26.02 -51.90 -1350.4 0.17 4.4  482.7
NO.1 W.B.T (S) 12 21.60 -51.91 -1121.3 0.15 3.2 §aslle
NO.2 W.B.T (P) 13 34.52 -33.92 -1170.9 0.19 6.6 943
NO.2 W.B.T (S) 20 54.53 -33.94 -1850.7 0.25 13.6 1029.9
NO.3 W.B.T (P) 10 16.44 -12.51 -205.7 0.21 3.5 13784
NO.3 W.B.T (S) 10 16.44 -12.51 -205.7 0.21 3.5 13764
NO.4 W.B.T (P) 15 37.52 11.40 S22 ' 0.22 8.3 580.3
NO.4 W.B.T (S) 18 44.61 11.40 508.6 0.25 A2 ¥596.0
.B.T (P) 21 48.98 35.87 1756.9 0.28 T3 9134
(s) 17 38.15  35.95 daRIns  0.23 8.8  865.3
) 3 3.20  69.86 Zaas . 7.81 25.0 14.5
2 10.10 -53.21 -537.4 1.76 17.8§ 167.6
8 35.98 -53.23 -1915.2 2.13 76.6  186.1
3: 9.98 -35.85 -357.8  1.75 17.5 23.5
3 11.67 -35.86 -418.5 1.77 20.7 23.3
o 6.88 -12.50 -86.0 1.71 11.8 4.5
7.20 -12.50 -90.0 1.71 12.3 4.5
5.59  11.46 64.1 1.69 9.4 4.4
11.48 20T8ES - 1,91 37.9 4.5
35.50 75985 1.82 38.9 124.6
35,53 _923. .87 48,688 121.1
-9.82 -5190. 0.78 414.1  6884.7
-52.36 -115192. 5.99 15378.0 0.0
-34.49 -120715.0 6.28 21980.0 0.0
-46812.5 5.71 21384.0 0.0
40882.5 5.50 19552.5 0.0
121100. 6.10 21350.C 0.0
737 6.04 99644.5 0.0
6.63 161172.6 12895.6
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10.2. Puong cong cdnh tay don én dinh tinh GoZ
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11. Chiéu cao thé virng ban dau (GoM) ciia tau BMCC BRAVO tai cac thoi
diém thyuc nghiém
11.1. GoM thoi diém trwée khi trao déi nuée dan

Calculation Trim and Stability for departure

M/V: BMC BRAVO / HSDH LDING PORT:CUA LO-VIET NAM Date: 28TH MAR 2019
VOY NO: 04/19 DISC PORT: QUANG NINH-VIETNAM CARGO: CEMENT IN BAGS
_— WEIGHT MID.G MOMENT KG MOMENT Pl
() (m) (t-m) (m) (t-m) (t-m)
No.l T/D 1180.00 -20.2 -23836.00 8.80 10384.00
No.l L'H 2200.00 -18.82 -41404.00 4,10 9020.00
No.2 T/D 1020.00 10.40 10608.00 9.00 9180.00
No.2 L'H 2800.00 9.08 25424.00 4,10 11480.00
CARGO TOTAL T200.00 -4.06 =29208.00 40064.00
FPIO 0.00 42,18 0.00 0.06 0.00 0.40
NO1 B.W.T(P) 027 -29.33 -7.78 1.45 0.38 29,30
NOI1 B.W.T(S) 0.00 -29.33 0.00 0.00 0.00 0.00
NOI1 B.W.T(C) 0.00 -37.48 0.00 0.06 0.00 3.50
NO2BWT(P) 0,00 -1.23 0.00 1,44 0.00 1.10
NO2B.W.T (S) 0.00 -1.23 0.00 1,43 0.00 1.10
NO2BW.T(C) 0.00 -28.44 0.00 0,00 0.00 0.00
NO3 B.W.T (P) 0.00 -14.41 0.00 0.03 0.00 734,40
NO3 B.W.T (S) 0.00 -14.41 0.00 0.00 0.00 0.00
NO4B.W.T (P) 0.00 226 0.00 0.19 0.00 894,20
NO4B.W.T (S) 0.00 2.18 0.00 0.19 0.00 908.80
NOS B.W.T (P) 1.51 17.92 27.06 0.06 0.09 83.64
NOS B.W.T (S) 132 17.92 23.65 0,07 0.09 95.30
APTO 0.00 43.38 0.00 3.93 0.00 4,40
WATER BALL TOTAL 3.10 13.87 42.94 0.57 275614
FW.T (P) 69.00 -15.7 -1089.51 3.58 155.50 10.60
F.W.T(S) 65.00 -15.79 -1026.35 3.14 204.10 10.50
FRESH WATER TOTAL 134.00 -15.79 -2115.56 359.60 21.10
NO1 F.O.T (P) 5.00 7.15 35.75 1.43 7.15 0.70
NOI1F.OT(S) 5.00 7.15 35,75 1.43 7.15 0.70
NO2F.O.T (P) 0,00 16.29 0.00 1.44 0.00 8.60
NO2F.O.T (S) 0.00 16.29 0.00 1.44 0.00 8.60
NO3 F.O.T (P) 0,00 23,52 0,00 1.46 0,00 3,40
NO3F.O.T(S) 28.00 24,07 673.96 2.66 7448 19.52
FUEL OIL TOTAL 38.00 19.62 745.46 §8.78 41.52
D.O.T (P) 7.00 39,12 273.84 6.59 46.13 4.10
D.O.T (S) 10.00 38.30 383.00 524 52.40 0.00
DIESEL OIL TOTAL 17.00 38.64 656.84 98.53 4.10
LOT® 5.00 32.87 164.35 0.55 2,75 1.50
Lub Oil 5,00 32.34 161.70 1.18 5.90 1.50
CONSTANT 132.00 27.60 3643.20 9.77 1289.64 0.00
LIGHT WEIGHT 2849.00 4.83 13760.67 8.79 25042.7 0.00
TOTAL 2991.00 5.93 17729.92 §.81 26341.00 3.00
DRAFT (EQ) (m) 7.96 MID.G (m) -1.170 T.KM (m) 7.97
DRAFT hieu chinh 5.00 MID.B (m) -L18 KG (m) 6.45
D(f) 7.99 BG (m) 0.01 GM _(m) 1.52
Di(a) 8,00 MIDF (m) 1.67 G Go_(m) 0.27
D(m) 8.00 M.T.C (t-m) 926 GoM _(m) 1.26
TRIM (m) 0.01 TPC (1) 15.2
Deusity 1.020
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11.2. GoM thoi diém bom nwéc dan vao két 5 phii, trdi dwoc 80T

Calculation Trim and Stability for departure

M/V: BMC BRAVO / HSDH LDING PORT:CUA LO-VIET NAM Date: 28TH MAR .2019
VOY NO: 04/19 DISC PORT: QUANG NINH-VIETNAM CARGO: CEMENT IN BAGS
ITEM WEIGHT MID.G MOMENT KG MOMENT Pl
t) (m) (t-m) (m) (t-m) (t-m)
No.l T/D 1180.00 -20.2 -23836.00 8.80 10384.00
No.l L'H 2200.00 -18.82 -41404.00 4.10 9020.00
No.2 T/D 1020.00 10.40 10608.00 9.00 9180.00
No.2 L'H 2800.00 9.08 25424.00 4.10 11480.00
CARGO TOTAL 7200.00 -4.06 -20208.00 40064.00
F.P.TO 0.00 -42.18 0.00 0.06 0.00 0.40
NO1 B.W.T(P) 0.27 -20.33 -7.78 1.45 0.38 29.30
NO1B.W.T(S) 0.00 -20.33 0.00 0.00 0.00 0.00
NO1 B.W.T (C) 0.00 -37.48 0.00 0.06 0.00 3.50
NO2B.W.T (P) 0.00 -1.23 0.00 1.44 0.00 1.10
NO2B.W.T (S) 0.00 -1.23 0.00 1.43 0.00 1.10
NO2B.W.T(C) 0.00 -28.44 0.00 0.00 0.00 0.00
NO3 B.W.T (P) 0.00 -14.41 0.00 0,03 0.00 734.40
NO3 B.W.T (S) 0.00 -14.41 0.00 0.00 0.00 0.00
NO4 B.W.T (P) 0.00 2.26 0.00 0.19 0.00 894.20
NO4 B.W.T (S) 0.00 2.18 0.00 0.19 0.00 908.80
NOS B.W.T (P) 39.87 17.92 714.47 0.06 2.39 83.64
NO5 B.W.T (S) 39.87 17.92 714.47 0.07 2.79 95.30
APT®C 0.00 43.38 0.00 3.93 0.00 4.40
WATER BALL TOTAL $0.01 17.76 1421.16 5.57 1756.14
FW.T (P) 69.00 -15.79 -1089.51 3.58 155.50 10.60
F.W.T(S) 65.00 -15.79 -1026.35 3.14 204.10 10.50
FRESH WATER TOTA 134.00 -15.79 -2115.86 350,60 21.10
NOLF.O.T (P) 5.00 7.15 35.75 1.43 7.15 0.70
NO1F.O.T(S) 5.00 7.15 35.75 1.43 7.15 0.70
NO2F.O.T (P) 0.00 16.20 0.00 1.44 0.00 $.60
NO2F.O.T(S) 0.00 16.29 0.00 1.44 0.00 8.60
NO3 F.O.T (P) 0.00 23.52 0.00 1.46 0.00 3.40
NO3 F.O.T(S) 28.00 24.07 673.96 2.66 74.48 19.52
FUEL OIL TOTAL 38.00 19.62 745.46 $8.78 41.52
D.O.T (P) 7.00 39.12 273.84 6.59 46.13 4.10
D.O.T(S) 10.00 38.30 383.00 5.24 52.40 0.00
DIESEL OIL TOTAL 17.00 38.64 656.84 08.53 4.10
LOTC 5.00 32.87 164.35 0.55 2.75 1.50
Lub Oil 5.00 3234 161.70 1.18 5.90 1.50
CONSTANT 132.00 27.60 3643.20 9,77 1289.64 0.00
LIGHT WEIGHT 2849.00 4.83 13760.67 8.79 25042.71 0.00
TOTAL 2991.00 5.03 17729.92 §.81 26341.00 3.00
DRAFT (EQ) (m) 8.02 MID.G (m) -1.030 T.KM (m) 7.98
DRAFT hieu chinh 8.06 MID.B (m) -1.15 KG (m) 6.40
Dif) 7.99 BG _ (m) 0.12 GM _(m) 1.58
Dia) 8.13 MID.F_(m) 1.70 G Go_(m) 0.27
D(m) 8.06 M.T.C (t-m) 93.0 GoM_ (m) 1.32
TRIM (m) 0.14 TPC (1) 15.2
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11.3. GoM thoi diém bom nwéc dan vao két 5 phii, trdi dwege 200T

Calculation Trim and Stability for departure

M/V: BMC BRAVO / HSDH
DISC PORT: QUANG NINH-VIETNAM

VOY NO: 04/19

LDING PORT:CUA LO-VIET NAM

CARGO: CEMENT IN BAGS

Date: 28TH MAR .2019

ITEM WEIGHT MID.G MOMENT KG MOMENT Pl
(t) (m) (t-m) (m) (t-m) (t-m)
No.l T/D 1180.00 -20.2 -23836.00 8.80 10384.00
No.l L'H 2200,00 -18.82 -41404.00 4.10 9020.00
No.2 T/D 1020.00 10.40 10608.00 9.00 9180.00
No.2 L'H 2800.00 9,08 25424.00 4,10 11480,00
CARGO TOTAL 7200.00 -4.06 -29208.00 40064.00
F.PTO 0.00 -42.18 0.00 0.06 0.00 0.40
NO1 B.W.T(P) 0.27 -20.33 -7.78 1.45 0.38 20.30
NO1B.W.T (S) 0.00 -20.33 0.00 0.00 0.00 0.00
NO1B.W.T (C) 0.00 -37.48 0.00 0.06 0.00 3.50
NO2B.W.T (P) 0.00 -1.23 0.00 1.44 0.00 1.10
NO2B.W.T (S) 0.00 -1.23 0.00 1.43 0.00 1.10
NO2B.W.T (C) 0.00 -28.44 0.00 0,00 0.00 0.00
NO3IBW.T(P) 0.00 -14.41 0,00 0,03 0,00 734.40
NO3 B.W.T (S) 0.00 -14.41 0.00 0.00 0.00 0.00
NO4B.W.T (P) 0.00 2.26 0.00 0.19 0.00 894.20
NO4 B.W.T (S) 0.00 218 0.00 0.19 0.00 908.80
NOS B.W.T (P) 108.12 17.92 1937.51 0.06 6.49 83.64
NOS B.W.T (S) 91.80 17.92 1645.06 0,07 6.43 95.30
APTO® 0.00 43.38 0.00 3,93 0.00 4.40
WATER BALL TOTAL 200.19 17.86 3574.79 13.30 2756.14
FW.T (P) 69.00 -15.79 -1089.51 3,58 155.50 10,60
FW.T(S) 65.00 -15.79 -1026.35 3.14 204.10 10.50
FRESH WATER TOTAL 134.00 -15.79 -2115.86 359.60 21.10
NO1F.O.T (P) 5.00 7.15 35.75 1.43 7.15 0,70
NO1F.O.T(S) 5.00 715 3575 1.43 7.15 0.70
NO2F.O.T (P) 0.00 16,29 0.00 1.44 0.00 8.60
NO2F.O.T(S) 0.00 16.29 0.00 1.44 0.00 8.60
NO3 F.O.T (P) 0.00 23.52 0.00 1.46 0.00 3.40
NO3 F.O.T(S) 28.00 24.07 673.96 2.66 74.48 19.52
FUEL OIL TOTAL 38.00 19.62 745.46 $8.78 41.52
D.O.T (P) 7.00 30.12 273.84 6.59 46.13 4.10
D.O.T(S) 10.00 38.30 383.00 524 52,40 0.00
DIESEL OIL TOTAL 17.00 38.64 656.84 98.53 4.10
LOT® 5.00 32.87 164.35 0.55 2,75 1.50
Lub Oil 5.00 32.34 161.70 1.18 5.90 1.50
CONSTANT 132.00 27.60 3643.20 9.77 1289.64 0.00
LIGHT WEIGHT 2849.00 4.83 13760.67 8.70 25042.71 0.00
TOTAL 2991.00 5.93 17729.92 $.51 26341.00 3.00
DRAFT (EQ) (m) 8.00 MID.G (m) -0.814 T.KM (m) 7.99
DRAFT hieu chinh 8.13 MID.B (m) -1.13 KG _(m) 6.33
D(f) 7.95 BG _(m) 0.32 GM (m) 1.66
D(a) 8.31 MID.F (m) 1.73 G Go _(m) 0.27
| D(m) 8.13 M.T.C (t-m) 934 GoM _(m) 1.40
TRIM (m) 0.36 TPC (1) 15.2
Density 1.020

123




11.4. GoM thoi diém bom nwéc dan ra ngoai két 5 phdi, trdi con 40T

Calculation Trim and Stability for departure

M/V: BMC BRAVO / HSDH LDING PORT:CUA LO-VIET NAM Date: 28TH MAR .2019
VOY NO: 04/19 DISC PORT: QUANG NINH-VIETNAM CARGO: CEMENT IN BAGS
ITEM WEIGHT MID.G MOMENT KG MOMENT Pl
() (m) (t-m) (m) (t-m) (t-m)
No.1 T/D 1180.00 -20,2 -23836.00 8.80 10384.00
No.l L/H 2200.00 -18.82 -41404.00 4.10 9020.00
No.2 T/D 1020.00 10.40 10608.00 9,00 9180.00
No.2 L'H 2800.00 9.08 25424.00 4.10 11480.00
CARGO TOTAL 7200.00 -4.06 -20208.00 40064.00
FP.TO 0.00 -42.18 0.00 0.06 0.00 0.40
NO1 B.W.T(P) 0.27 -29.33 -7.78 1.45 0.38 29.30
NO1B.W.T (S) 0.00 -29.33 0.00 0.00 0.00 0.00
NO1B.W.T (C) 0.00 -37.48 0.00 0.06 0.00 3.50
NO2B.W.T (P) 0.00 -1.23 0.00 1.44 0.00 1.10
NO2 B.W.T (S) 0.00 -1.23 0.00 1.43 0.00 1.10
NOZ B.W.T (C) 0.00 -28.44 0.00 0.00 0.00 0.00
NO3 B.W.T (P) 0.00 -14.41 0.00 0.03 0.00 734,40
NO3 B.W.T (S) 0,00 -14.41 0.00 0,00 0.00 0.00
NO4 B.W.T (P) 0.00 2.26 0.00 0.19 0.00 §94.20
NO4 B.W.T (S) 0,00 2.18 0.00 0.19 0.00 908.80
NOS B.W.T (P) 21.42 17.92 383.85 0.06 1.29 $3.64
NOS B.W.T (S) 18.36 17.92 329.01 0.07 1.29 95.30
APTO 0.00 43.38 0.00 3.93 0.00 4.40
WATER BALL TOTAL 40.05 17.61 705.08 2.95 2756.14
FW.T (P) 69.00 -15.79 -1089.51 3.58 155.50 10.60
F.W.T(S) 65.00 -15.79 -1026.35 3.14 204.10 10.50
FRESH WATER TOTAIL 134.00 -15.79 -2115.86 359.60 21.10
NO1F.0.T (P) 5.00 7.15 35.75 1.43 7.15 0.70
NO1F.O.T(S) 5.00 7.15 35.75 1.43 7.15 0.70
NO2F.O.T (P) 0,00 16,29 0.00 1.44 0.00 8.60
NO2F.0.T (S) 0.00 16.29 0.00 1.44 0.00 8.60
NO3 F.O.T (P) 0.00 23.52 0.00 1.46 0.00 3.40
NO3 F.O.T (S) 28.00 24.07 673.96 2.66 74.48 19.52
FUEL OIL TOTAL 38.00 19.62 T45.46 88.78 41.52
D.OT(P) 7.00 39.12 273.84 6.59 46.13 4.10
D.OT(S) 10.00 38.30 383.00 5.24 52.40 0.00
DIESEL OIL TOTAL 17.00 38.64 656.84 98.53 4.10
LOTO 5.00 32.87 164.35 0.55 2.75 1.50
Lub Oil 5.00 32.34 161.70 1.18 5.90 1.50
CONSTANT 132.00 27.60 3643.20 9.77 1289.64 0.00
LIGHT WEIGHT 2849.00 4.83 13760.67 8.79 2504271 0.00
TOTAL 2991.00 5.93 17729.92 8.81 26341.00 3.00
DRAFT (EQ) (m) 7.99 MID.G (m) -1.102 T.KM (m) 7.97
DRAFT hieu chinh 8.03 MID.B (m) -1.17 KG_(m) 6.43
D(f) 7.99 BG (m) 0.07 GM_(m) 1.54
D(a) 8.07 MID.F (m) 1.68 G Go (m) 0.27
D(m) 8.03 M.T.C (t-m) 92.8 GoM (m) 1.28
TRIM (m) 0.08 TP.C (1) 15.2
Density 1.020
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11.5. GoM thoi diém bom nwéc dan ra ngodi két 5 phdi, trdi con 6T

Calculation Trim and Stability for departure

M/V: BMC BRAVO / HSDH LDING PORT:CUA LO-VIET NAM Date: 28TH MAR 2019
VOY NO: 04/19 DISC PORT: QUANG NINH-VIETNAM CARGO: CEMENT IN BAGS
ITEM WEIGHT MID.G MOMENT KG MOMENT Pl
{t) (m) (t-m) (m) (t-m) (t-m)
No.l1 T/D 1180.00 -20.2 -23836.00 8.80 10384.00
No.l L/'H 220000 -18.82 -41404.00 4,10 9020,00
No.2 T/D 1020.00 10.40 10608.00 9.00 9180.00
No.2 L/'H 2800.00 9,08 25424.00 4.10 11480.00
CARGO TOTAL 7200.00 -4.06 -20208.00 40064.00
FP.TC 0.00 -42.18 0.00 0.06 0.00 0.40
NO1 B.W.T(P) 0.27 -20.33 -7.78 145 0.38 29.30
NO1LBW.T (S) 0.00 -20.33 0.00 0.00 0.00 0.00
NO1BW.T (C) 0.00 -37.48 0.00 0.06 0,00 3.50
NO2BW.T (P) 0.00 -1.23 0.00 1.44 0,00 1.10
NO2B.W.T (S) 0.00 -1.23 0.00 1.43 0.00 1.10
NO2B.W.T (C) 0.00 -28.44 0.00 0.00 0.00 0.00
NO3 B.W.T (P) 0.00 -14.41 0.00 0.03 0.00 734.40
NO3 BW.T () 0.00 -14.41 0.00 0.00 0.00 0.00
NO4 BW.T (P) 0.00 2.26 0.00 0.19 0.00 §94.20
NO4 B.W.T (§) 0.00 218 0.00 0.19 0.00 908.80
NOS B.W.T (P) 3.37 17.92 60.39 0.06 0.20 83.64
NOS B.W.T (S) 2.55 17.92 45.70 0.07 0.18 95.30
APTO 0.00 43.38 0.00 3.93 0.00 4.40
WATER BALL TOTAL 6.19 15.80 98.31 0.77 2756.14
F.W.T (P) 69.00 -15.79 -1089.51 3.58 155.50 10.60
F.W.T(5) 65.00 -15.79 -1026.35 3.14 204.10 10.50
FRESH WATER TOTAL 134.00 -15.79 -2115.86 359.60 21.10
NOLF.OT (P) 5.00 7.15 35.75 1.43 7.15 0.70
NOLF.OT(S) 5.00 7.15 35.75 1.43 7.15 0.70
NO2F.OT (P) 0.00 16.29 0.00 1.44 0.00 8.60
NO2F.OT(S) 0.00 16.29 0.00 1.44 0.00 8.60
NO3 F.O.T (P) 0.00 23.52 0.00 146 0.00 3.40
NO3F.O.T(S) 28.00 24.07 673.96 2.66 74.48 19.52
FUEL OIL TOTAL 38.00 19.62 745.46 88.78 41.52
D.O.T (P) 7.00 39.12 273.84 6.59 46.13 4.10
D.O.T(S) 10.00 38.30 383.00 5.24 52.40 0.00
DIESEL OIL TOTAL 17.00 38.64 656.84 08.53 4.10
LOT® 5.00 32.87 164.35 0.55 2.75 1.50
Lub Oil 5.00 32.34 161,70 1.18 5.00 1.50
CONSTANT 132.00 27.60 3643.20 9.77 1289.64 0.00
LIGHT WEIGHT 2849.00 4.83 13760.67 .79 25042.71 0.00
TOTAL 2091.00 5,93 17729.92 .81 26341.00 3.00
DRAFT (EQ) (m) 7.07 MID.G (m) -1.164 T.KM (m) 7.97
DRAFT hieu chinh 8.01 MID.B (m) -1.18 KG (m) 6.45
D(f) 8.00 BG (m) 0.02 GM (m) 1.52
Dia) 8.02 MID.F (m) 1.67 G Go_(m) 027
| D(m) 8.01 M.T.C (t-m) 92.6 GoM_(m) 1.26
TRIM (m) 0.02 TP.C (1) 15.2
Density 1.020
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12. Thong sb ciia tau TAN BINH 234 tai thoi diém thue nghiém

E Tﬁhs f 545 '“—Fsss TS 2s l\'rsui _;]

3 2

[t 32.000.00[Dratal CF._ [ m —1002)[TKM m 11.90]
mt 85.00 || Fore Draft m 02 KG m 192}
mt 303.72|[AR. Dralt m 021[GM m 397,
mt 68.00 Drat | m 02)[GGo m_| 038
mi 179.00 || Trim Im 00 GoM m 159
mt 200.00 | Pro. Imm [ % 1205|[L.CF m 29
mt 32935.72(S.G 1.0250 ||1.CB. m -1.62
mt 6.739.44 | T.P.C mt 1384 [LCG. m 363

mt 39.675.16, [M.T.C mt-m 5102
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