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Tém tat
Trong thue tién hang hai, trwée khi tau hanh trinh, cac théng sé lién quan dén 6n dinh tau
duwoc tinh toan trwéc théng qua chuwong trinh xép hang duoc dang kiém phé duyét va cac
théng sé nay déu théa man cac yéu cau cuda Bé lugt quéc té vé On dinh nguyén ven (IS
Code-2008). Tuy nhién, khi tau hanh trinh trén bién, viéc kiém tra 6n dinh cda tau thuong
xuyén, lién tuc rat kho thuc hién do chuong trinh xép hang trén tau khéng cé tinh ndng
tinh toan én dinh cda tau theo thoi gian thuc. Viéc xay dung chuong trinh hién thj thong
tin 6n dinh cho tau hang roi theo théi gian thuc sé gilp sy quan hang héi c6 thé déanh gia
duoc én dinh cda tau va kip thoi dwa ra céc hanh déng phu hop khi tau ¢6 xu hwéng gidm
hodc mét én dinh.
Terkhoa: Tau hang roi, tinh 6n dinh cda tau, phdn mém hién th;j thdng tin 6n dinh tau theo théi gian thuc.
Abstract
In navigation practice, before sailing, all parameters related to the ship’s stability are
calculated in advance through a loading instrument approved by the society classification
and these parameters meet the requirements of International Code on Intact Stability (IS
Code-2008). However, when the ship sails at sea, regular and constant checking of the
ship’s stability is difficult because the loading instrument does not have the feature of
calculating the ship’s stability in real time. Establishing the program on performance of the
stability information in real time for bulk carriers will help the deck officers can assess the
ship’s stability from time to time and timely take appropriate actions when the ship tends
to reduce stability or destabilize.
Keywords: Bulk carriers, the ship’s stability, software for displaying the ship’s stability in realtime.

1. Dat van dé

Tau hang roi thudng la nhivng tau cé trong tai Ién, hdm hang duoc thiét ké thuan tién cho
viéc xép, d& hang, tuyén hoat dong linh hoat va ché dwoc nhiéu loai hang théng dung dap rng nhu
cau van tai bién quéc té. Trong qua trinh hang hai, véi mét sé loai hang roi cé kha nang dich chuyén
ho&c c6 kha nang héa 1dng dwéi tac dung cha ngoai lwc, hay mét con tau do hw hdng an ty thi tinh
on dinh cla con tau sé bj suy gidm va cé thé mat hoan toan, anh hwéng truc tiép téi sy an toan cla
nd. Khoang thoi gian dan dén tau mét 6n dinh co thé dién ra trong vai tiéng, vai ngay tuy déc diém
hang héa trén tau, diéu kién ngoai canh, kha néng diéu dong cla thuyén trwdng va s§ quan trén tau.
Tinh n dinh cta con tau bi mét khi hanh trinh trén bién va khong dwoc phat hién sém Ia nhirng
nguyén nhan chinh gay ra mét s vu tai nan tau hang roi.

Do d6, néu cé thé lién tuc cap nhat dwoc tinh dn dinh cla con tau theo thoi gian thwc trong
subt qua trinh hang hai, dwa ra cac canh béo vé sy thay ddi bat thwéng tinh 6n dinh clia tau sé 1a
mét trg’ gilp hiéu qua, quan trong véi ngwdi hang hai. Viéc nghién cleu xay duwng phdn mém hién thi
théng tin &n dinh tau hang roi theo thoi gian thuwe sé& gép phan gidi quyét dwoc van dé nay va day
sé la cdng cu hiru ich cho cac sy quan hang hai khi muén kiém tra 6n dinh cla tau hang roi tai bat
ky th&i diém nao trong khi tau hanh trinh.

2. Co s& xay dwng chwong trinh hién thi théng tin 6n dinh tau hang r&i theo thoi gian thye
2.1. Tiéu chuan én dinh déi véi tau hang roi caa Té chirc Hang hai quéc té (IMO)

Theo Quy dinh cGa B6 luat qudc t& vé 6n dinh nguyén ven nam 2008 (IS Code-2008) dbi v&i
céac tau hang néi chung, tau hang réi néi riéng, dac tinh dwéng cong canh tay don &n dinh tinh phai
thda man déng thdi cac diéu kién sau [1]:
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Hinh 1. Dién tich dwéi dwong cong cdnh tay don én dinh tinh (GoZ)

T Hinh 1, goi dién tich phia dwéi canh tay don 6n dinh tinh (GoZ ) tinh dén géc nghiéng 6 = 30°
la A(30°), tinh dén gdc nghiéng 6 = 40° 1a A(40°), nam gitra goc nghiéng 30° va 40° [a A(30°- 40°), khi do:

- A(30°) 2 0,055 m-rad;

- A(40°) = 0,090 m-rad;

- A(30°- 40°) = 0,030 m-rad;

- D0 1on clia GoZ téi thidu phai bang 0,20 m tai 6 = 30°;

- GoZ phai dat gid tri cwc dai tai = 25°;

- Chiéu cao thé virng ban dau sau khi da hiéu chinh anh hwéng ctia mat thoang chét 16ng
(GoM) 20,15m.

2.2. Xéc dinh chiéu cao thé virng cua tau hang r&i théng qua chu ky lac ngang

Dé xac dinh dwoc chu ky l&c ngang cda tau theo thdi gian thwc thi trén tau can trang bi cam
bién goc gia téc. Khi tau I&c ngang, tin hiéu tr cdm bién gia téc s& dwoc xt ly théng qua moét loat
céac thuat toan dwoc xay dwng sén dé loc cac nhiéu va tinh toan chu ky lac ngang T cua tau [4].

Trong thuc t&, dé tién cho viéc kiém tra GoM cla tau, trong cac hd so tau da lap san bang
kiém tra GoM (Rolling Period Table) hodc db thi cac dwdng cong kiém tra GoM (Rolling Period-GoM
Curves) théng qua chu ky I&c ngang va mén nwéc trung binh cla tau (Hinh 2).

M&n nwéc trung binh clia tau dwgc xac dinh & thoi diém trwde khi tau hanh trinh. Gia tri nay cé
thé 14y tir so dd xép hang cla tau (Cargo stowage plan), sau dé hiéu chinh véi lwong tiéu thu nhién
liéu, nwéc ngot cho dén thdi diém khado sat thi s& cé mén nwéce trung binh tai thoi diém khao sat.
Trén co sé bang tra néi trén cé thé 1ap chwong trinh tra clru gia tri GoM tir dbi sé |a chu ky lac da do
duwoc (Ts), mén nwdce trung binh cla tau.
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Hinh 2. Dé thj cdc dwong cong chu ky lic ngang dé xédc dinh GoM [3]

Cac cong thirc (1) va (2) Iam co' s& cho tinh toan 1ap bang hoac d6 thi nham tra ciru GoM tir
chu ky lac ngang cua tau (Ts), cu thé nhw sau [2, 3]:
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V&i: K dwoce xac dinh theo céng thirc sau:
K\? H. HA?
(E) — fx (cb X Cy+1.10 % €y % (1 = Cy) % (jy—2.20)+(§) )
2
K=B*Jf><(c,,xcu+1.10xcu><(1—cb)x(%y—z.20)+(%) ) -
3

Trong doé: K la ban kinh quay (radius of gyration) (m): ngoai viéc dwgc xac dinh theo cong thirc
2 X 2 o s
(3) thi K con c6 thé dwoc xac dinh theo do thi dwdng cong (g) dwoc cho san trong ho so tau (Hinh 3);

B Ia chiéu réng dinh hinh (m);
Hs la hé s6 anh hwédng cuia chiéu chim clia tau va dwogc xac dinh qua cong thire (4):

Hs =D + As/Lpp (4)
D la chiéu cao man dinh hinh cla tau;
Asla dién tich phan hing gi6 tai man quan sat;
Cula hé sb dién tich phan hirng gié dwoc xac dinh bang céng thire (5):
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Hinh 3. Bé thj xdc dinh ban kinh quay (radius of gyration) [3]
Cy

_ Dién tich phdn himg gi6 trén mit boong

(B x Lpp) (5)
Trong dé: Co la hé,sé béo; ] )
fla hé so cdé gia tri ttr 0,136 (tau nhe tai) den 0,131 (tau day tai) (gia tri nay chi ap
dung cho tau hang); .
g la gia toc trong trwdng (9,8 m/s?);
v la hé sé dwoc xac dinh bang cong thire (6):
y:]- 3'28><(d/d0)2 ©)
d la mén nwéc trung binh cla tau; .
do la mén nwéce cla tau trong trang thai day tai.

2.3. Vé dwong cong GoZ . .
bé vé dwoc dwong cong GoZ cua tau, can thye hién theo lwu d6 thuat toan nhw Hinh 4:
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Hinh 4. Lwu d6 thuat todn vé dwong cong G.Z

3. Xay dwng chwong trinh hién thi théng tin 6n dinh tau hang r&i theo thi gian thuc

3.1. Lwu d6 thujt todn diéu khién ) )
) Can ¢ theo cac co s& khoa hoc dwoc trinh bay & trén, lwu db thuat toan diéu khién dwoc
thiét 1ap nhw sau:
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Titth toan cdc théng s6 én dinh | Tinth chu ki lic ngang

|

So sinh thing s6 6n dinh
v cic tigu chuin IMO

Khéng phi hop

Trang théi én dinh cia tiu trong s
gidi han cho phép Canh bio

Hinh 5. Lwu dé thuat todn diéu khién hé théng théng bdo 6n dinh tau
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T Iwu d6 Hinh 5 ¢6 thé thdy qua trinh x( Iy tin hiéu trong hé théng tap trung vao hai pha
chinh: Tinh chu ky lac ngang cta tau va cac théng s 6n dinh tau.

3.2. Chwonng trinh hién thj théng sé 6n dinh tau theo thoi gian thuc

3.2.1. Nén téng I4p trinh

Chuwong trinh duwoc thiét ké chay trén hé diéu hanh cia hang Microsoft v&i cong nghé nén
tang .NET FrameWork, Ngoén ngi lap trinh C# theo mo hinh ba I&p:

- Graphic User Interface (GUI): Thanh phan giao dién, 1a cac form cGa chwong trinh twong
tac v&i nguoi s dung.

- Business Logic Layer (BLL): X& ly cac nghiép vu ctia chwong trinh nhw tinh toan, x& ly
hop lé va toan ven vé mat di liéu.

- Data Access Layer (DAL) Tang giao tiép vai cac hé quén tri CSDL.

Trén co s& thuat toan va nén tdng ngoén ng lap trinh da dwoc xac dinh, phan mém théng
b&o 6n dinh cla tau hang rdi theo thoi gian thwe dwoc xay dwng, ddm bao chirc ndng tinh toan,
hién thi cac thong tin 6n dinh va danh gia trang thai én dinh. Phan mém dwoc xay dwng cho mot
tau hang roi cu thé (thu LUCKY STAR [2]).

3.2.2. Giao dién chinh
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Hinh 6. Giao dién chinh cda chwong trinh phdn mém
- Hinh 7 chi ra Ctra s6 cai dat chung (Setting): hau hét cac thdng s6 da dwoc cai dat mac
dinh theo cac phwong phap tinh toan cua chwong trinh. Néu can, ngudi st dung chi can dat théng
sé nguwdng chu ky lac (T Threshold) va gi¢i han géc nghiéng ngang cua tau (Rolling Amplitude)
sao cho phi hop véi dac tinh géc nghiéng ngang va chu ky lac ngang cua tau.

Control {Setting |

Input Setting:
-] ©
Roll Amplitude: 5 5 Parameters:

Correction Method:  [Mean ~][os10s

Sampling Interval: rzoo = milliseconds

Prediction Setting: TThreshold: 3 [2] seconds
Observation Window: 1 [:] minutes Runtimetenzth: | 10 [] seconds
=]
N f 1t
umber of candidal es| 5 1
Merging Method: on candidates:

Hinh 7. Cira sé cai dit chung

- Ctra s6 diéu khién (control): dwoc s dung dé khdi chay chwong trinh sau khi da hoan tat
cac cong tac chuan bj, cai dat cac thong s ban dau va dirng chwong trinh khi can thiet (Hinh 6).
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- Ctra sb hién thj tin hiéu dau vao (Hinh 6) dugc Iy tr cadm bién 1ap bén trong hé théng. Khi
tau lac ngang, thi cam bién goc gia tbc sé hoat dong, tin hiéu nhan duoc tir cdm bién sé dwoc
phan mém chuyén hoéa thanh cac dao ddng va phé nang lvong cha dao dong. Truc tung cta do
thi thé hién bién d6 cta dao déng lac ngang. Con biéu db phia dwdi truc hoanh 1a biéu dién phd
néng lwong cla cac dao ddng lac ngang.

- Clra s6 hién thj két qua dau ra bao gdm céac ndi dung (Hinh 6):

+ Biéu d6 hién thi gia tri chu ky dao déng lac ngang (T) cla tau: truc tung la gia cta chu ky l&c
ngang; truc hoanh 1a khoang thi gian bién thién T. Gia tri chu ky lac ngang cla tau sé dworc hién thi
sau khoang thoi gian da dat & Clra s6 quan séat (Observation windows);

+ Goc nghiéng ngang cla tau “Theta”;

+ Gia tri trung binh chu ky lac ngang tinh toan dwoc tai thoi diém quan sat “T”.

Sau khi €06 “T” dwgc xac dinh tai moéi thdi diém quan sat. Thi phdn mém sé tw dong tinh toan
cac thong sé 6n dinh cla tau tai thdi diém d6 va dwa ra cadnh bao trong ctra s6 “Show GoM; GoZ”
(Hinh 8).

3.2.3. Giao dién hién thj théng sé én dinh tau theo thoi gian thuc

- Ctra s6 nhép céc thdng tin chuyén di: cac théng s6 can nhap (mén nwéc trung binh; lwong
tiéu thu nhién liéu, nwéc ngot; sé ngay tiéu thu) nham muc dich xac dinh lwgng gidn nwéc cla tau
va céac thdng sé 6n dinh cia tau theo thoi gian thuc.

- Ctra sé thong bao két qua én dinh va danh gié 6n dinh: dwa ra cac gia tri lién quan dén viéc
danh gia én dinh cuta tau theo quy dinh ctia IMO nhw: A(30°), A(40°), A(30° - 40°), Gi4 tri GoZ, GoM.

GoM - 5 EES

Mdn nudc (d) 1 Puimg cong GoM theo thiri gian

Ludrg gifin nudc (D): 20000

Tiéu hao (t8n/ngéy) 10 10 10

Nady thil Mudc ngot 0 10
1 hd Nhién idu 0 8

GoM

Trang thai 8n dinh tu theo chusn IS Code 2008

Angle Value Status 0 -
- oK ; 74 - 78 &
40 2351 oK 7 / —--_.‘_______‘m-
3040 0274 oK & 56
Goz>30 |73 oK ¥ 5 -
GoZmax  |8112(70)  OK G a4 3P
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3
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Hinh 8. Cdra sé hién thicac théng sé én dinh tau tai thoi diém quan sat

Ngoai ra trong giao dién hién thj két qua cac thdng sé &n dinh tau con co hinh anh db thi bién
thién theo thoi gian ctia GoM va GoZ (Hinh 8) dé cho Sy quan hang hai danh gia nhanh dwoc xu
hwéng dn dinh cua tau trong cac khoang thai gian tiép theo.

4. Két qua thwe nghiém xac dinh G,M, dwéng cong GoZ trén tau hang réi LUCKY STAR

Béng 1.S6 liéu thurc nghiém xdc dinh GoM

Chu ky lac xac dinh GoM (m) Calvl )
3 X . Theo phan mém .
bang Chwong trinh | Theo chu ky N o o . % Sai
. o a .z RN xép hang cua tau | Sailéch «
TT hién thj théng tin on | lac xac dinh 5 oA léch
3 : dwoc dang kiem (m) ;
dinh (s) dwoc ~ ~
phé duyét
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 0,060 1,61
4 10,24 3,80 3,73 0,070 1,88
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Chu ky lic x4c dinh |  GoM (m) Cihil (W)
3 5 S Theo phan mém .
bang Chwong trinh | Theo chu ky R S . % Sai
‘2 R .z s xép hang cua tau Sai léch A

TT hién thi thong tin 6n | lac xac dinh S ‘X léch

. dwoc dang kiem (m)

dinh (s) dwoc - o
phé duyét

5 10,56 3,57 3,73 0,160 4,29
6 10,15 3,87 3,73 0,140 3,75
7 10,38 3,71 3,73 0,020 0,54

Béng 2. S6 liéu thwc nghiém xadc dinh dac tinh dwong cong GoZ

GoZ theo tinh toan tw GoZ theo

Tiéu chuan 6n dinh phan mém xép hang ctia | chwong trinh % Sai
(IS Code 2008) tau dwoc dang kiém phé | hién thj théng léech

duyét tin 6n dinh
Dién tich 0 - 30° (m-rad) 0,563 0,576 2,26
Dién tich 30° - 40° (m-rad) 0,441 0,452 2,43
Dién tich 0 - 40° (m-rad) 1,003 1,016 1,28
GoZmax (m) 2,74 2,87 4,53
Goc nghiéng dat GoZmax (do) 44,00 42,00 4,76

Trén co s& cac sb liéu thwe nghiém thu thap dycyc tr tau hang rb’j LUCKY STAR’nhU’ trén,
cho thay sai léch gia tri GoM va GoZ dwoc xac dinh bang chwong trinh hién thj théng tin 6n dinh va

béng phan mém xép hang cua tau dwoc dang kiém phé duyét 1a dwdi 5%.

5. Két luan

Chuong trinh thong bao 4n dinh tau hang roi theo thoi gian thuc da dwoc xay dwng trén co
s& lwu do thuat toan dwoc xac dinh tir trwéc, cdng nghé nén tang va cac cong cu ho tro phat trién

phan mém, co s& khoa hoc lién quan dén viéc tinh toan va danh gia cac thong sb 6n dinh cua tau.

Chuwong trinh duwoc xay dwng dua trén cac sé liéu ciia mot tau hang rdi cu thé, chwong trinh da dam
bao dwgc chlrc nang tinh toan, hién thj cac thong tin on dinh theo thoi gian thwc va danh gié trang
thai &n dinh tau theo cac yéu ciu dwoc quy dinh bdi Bo luat IS - 2008. Ngoai két qua thwec nghiém
trén tau LUCKY STAR, tac gia da thwe nghiém trén 04 tau hang réi khac va két qua cho thay chuong

trinh hién thj théng tin &n dinh tau hang r&i theo thdi gian thwe hoat déng én dinh, tin cay.
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