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Khoan vung nwéc sau

Hé théng dinh vi tw dong (Dynamic Positioning System) danh cho cdc
phwong tién bién dwoc nghién civu, phdt trién tir giira thé ky XX va cong nghé
nay nhanh chéng dwoc dp dung trén cdc tau khoan thdm do, khai thdc ddu
khi viing nwéc sau. Trong béi cdanh sdn lwong ddu khi tai cdc vitng mé truyén
thong nhw Bach H6, Nam Rong - D6i M6i, Nam Cén Son dang c6 xu hwdng
suy giam. D€ ddp trng nhu cdu ndng lwong hién nay, cdc céng ty, xi nghiép
khai thdc ddu khi tai Viét Nam cdn phdi viron ra cdc mé tiém ndng & vung
nwéc sdu hon. Do dd, viéc nghién ciru, tim hiéu hé théng dinh vi tw dong trén
cdc tau khoan va gian khoan néi déng mét vai tro thiét yéu déi vdi cdc doanh
nghiép ddu khi. Bai bdo trinh bay mé hinh hod cdu triic bé diéu khién phéi
hop cdc chdn vit cta thiét bi dinh vi tw dong dwa trén co s& cdc két qud
nghién cttu cia cdc nha khoa hoc da dwoc cdng bé thudc linh vuc diéu khién
phwong tién bién tw hanh va hé théng dinh vi tw dong. Trén co sé do, bai bdo
dé xudt str dung ngén ngir mé hinh hod hop nhdt trong thoi gian thuc va
Hybrid Automata trong qud trinh phdn tich, ddc td va mé hinh hod hé théng.
Két qud nghién civu la co sé dé€ thiét ké bo diéu khién ciia hé théng dinh vi tw
dong danh cho tau khoan néi.

© 2019 Truwong Pai hoc Mo - Pia chat. T4t ca cac quyén dwoc bao dam.

1. M& dau

1.1. Giéi thiéu

thé sw quan sat, phan doan cda cac thuy tha giau
kinh nghiém. Dic biét, v&i cac yéu cau diéu khién
phwong tién bién bam theo mot 16 trinh da dwoc
thiét ké trwdc hodc duy tri vi tri c6 dinh trén mat

Vi ddc thu hoat déng trén viung bién rong
16, ngay nay cic phwong tién bién din dan st
dung hé théng dan dudng va dinh vi tw dong thay

*Tdc gid lién hé
E - mail: nguyensontung@humg.edu.vn

nuwéce trong diéu kién séng, gié va cac dong hai lvu
hoat dong manh mé. Cong nghé nay dwoc nghién
ctru va dwa vao ap dung trén cac phwong tién phuc
vu tham do, khai thac dau khi ngoai khoi nhw tau
khoan, gian khoan néi, tau rai 6ng ngam, tau rai
cap ngam, tau tham do dia chan, tau dich vu...
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&' viing nwéc ndng, cac tau khoan, gian khoan
ban chim, kho chra néi (céng trinh néi) c6 thé st
dung cap neo dé dinh vi. Tuy nhién, phwong phap
nay c6 nhwoc diém la ton nhiéu thoi gian cho viéc
dinh vi hoic thay d6i hwéng khi can thiét. & viing
nwdc sau, phwong phap nay tré 1én kém hiéu qua
do s bién dang dan hoi ctia day cap neo dan toi
cong trinh ndi van c6 dich chuyén khong mong
muon, nhirng dich chuyén nay giy ra nhirng (rng
sudt dw c6 hai tic donglén cot 6ng chéng, Ong cach
nuwéc, can khoan, 6ng néi. Ngoai ra, viéc neo dat
nay ciling lam giam tinh linh ddng cta tau khoan.
Vi du: cc tau khoan khé di chuyén dé tranh bao
hodc thoi tiét xau va viéc neo dat trd lai cling gy
ton kém thoi gian va chi phi. Nhw vy, dé dam bao
hiéu qua khi khoan & viing nwérc sdu cin st dung
cong nghé dinh vi tw dong. Hé théng dinh vi tw
déng ngay nay dworc trang bi cac chan vit bao gom
chan vit trong dng dao lwu (tunnel thruster), chan
vi bau xoay (azimuth thruster) va chan vit thong
thudng. Cac chan vit nay hoat dong phoi hop véi
nhau nham gitr ¢6 dinh vi tri cta tau khoan, ddng
thoi hé thong nay con c6 chive ning diéu khién tau
khoan di chuyén t&i vi tri méi hodc téi cac can
clr/cang mot cach an toan, nhanh chéng.

Hién nay, cac b6 diéu khién va chwong trinh
diéu khién cua hé thong dinh vi tw dong thwong
dwoc thiét ké theo nguyén ly hop den, cac cum
chirc nang dwoc déng gbéi hodc mé dun hoa. Viéc
nay cho phép nha thiét ké dé dang ning cip hé
théng va tuy bién hé théng mot cach dé dang. Tuy
nhién, diéu nay lai khién nguoi str dung bi dong,
phu thudc vao cdng nghé ciia nha cung cip.

1.2. Hé théng dinh vi tw déng va chdn vit bdu
xoay

1.2.1. Hé théng dinh vi tw déng

Trén thé gidi, hé thong dinh vi tw dong dwoc
nghién ciru 4p dung cho tau bién vao giira thé ki
XX. Pac biét, hé thong nay dwoc phat trén, rng
dung trén cac tau khoan hoat dong trong linh vuc
tham do va khai thac dau khi ngoai kho1i tir nhitng
nam 60 va 70 cua thé ki XX. Nam 1961, hé thong
dinh vi thé so dau tién bao gom hé thong diéu
khién twong tw s6 (analogue control system) két
hop véi cac day cang dwoc trang bi cho tau khoan.
Vi tri twong déi gitra tau khoan va miéng giéng
kKhoan dworc tinh toan thong qua goc 1éch cta cac
day cang. Sau d6 10 ndm, ndm 1971, hé thong dinh

vi tw ddng hién dai dau tién dwoc ap dung trén cac
tau khoan tham do diu khi & viing nwéc siu. Téi
nam 1985 véi sy phét trién cua rng dung dinh vi
toan ciu thong qua vé tinh do My nghién ctru, phat
trién 4p dung cho linh vy dan sy (ban ddu chi st
dung cho muc dich qudn sw ciia My) da tao diéu
kién thuén loi khi vin hanh hé théng dinh vi tw
dong va mé rong pham vi hoat dong cia cac tau
khoan viing nwéc sau, cling nhw cac phwong tién
bién, céng trinh no6i phuc vu tham do, khai thac
dau khi ngoai khoi néi chung Trén website
http://www.ge.com, Tomas Kellner gi&i thiéu mot
tau khoan khai thac dau khi hoat dong tai khu vurc
Vinh Walvis, Namibia dwoc trang bi hé thong dinh
vi tw dong bao gdbm bo diéu khién (phdn citng va
phdn mém) va 6 chan vit bau xoay. Trong khi
khoan, tau c6 thé gitr dworc vi tri véi sai s6 trong
pham vi ban kinh 5 m (15 ft) dwéi tac dung cda tai
trong dong chdy, séng va gi6 ngay ca trong diéu
kién c6 bao (Hinh 1).

Hinh 2 giéi thiéu so d6 bé tri cac chin vit trén
mot s6 loai phwong tién bién/gian khoan néi st
dung trong khai thac dau khi ngoai khoi (Chas and
Ferreiro, 2008). V&i cac tau dich vy, viéc cung cap
trao do6i hang ho4, vat tw véi cac gian khoan, tau
khoan, tau chira... dwoc thuc hién bang cac can
truc. Do d6, yéu cau dam bao gitr c6 dinh khoang
cach va hwéng cua tau so véi cac cong trinh nay la
yéu t6 hang dau dé dam bao viéc vin chuyén hang
hod an toan. Cac chan vit cia hé théng dinh vi tw
déng danh cho tau dich vu (Hinh 2.a) bao gom: hai
chan vit trong 6ng dao lwu dwgc bo tri & phia
trwdc cla tau, cac chin vit ndy thwong dwoc gan
c6 dinh huéng va sinh lwc diy ngang tir man tau
bén nay sang man tau bén kia, mot chin vit bau
xoay dat & gitra than tau va hai chan vit bau xoay
& cudi tau (cd thé st dung chdn vit bién buéc). Hai
chan vit biu xoay & cudi tau con dung dé tao luc
day va 1ai khi tau di chuyén. Tau rai ong hoic cap
ngam (Hinh 2.b) c¢6 dédc diém di chuyén chdm theo
mot quy dao da xac dinh dé rai cdp ngdm hodc vira
yéu ciu duy tri vi tri c6 dinh trong khi chun bi 6ng
vira yéu cau di chuyén chdm bam theo mot quy
dao dinh s&n khi rai 8ng. Cac chan vit clia tau dwoc
bé tri nhw trén hinh vé 2.b. Gian khoan ban chim
c6 thé bi troi dat do tac dung cta gi6 1én phan két
ciu ndi, do séng va dong hai lvu tac dung 1én phin
phao va tru d& bén dudi. St dung 6 chan vit bau
xoay c6 khad ning xoay tron 360¢ dé thay doi
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a b
ea Chaén vit biu xoay

® Chan vit trong éng dao hm
P Chin vit thong thudng

Hinh 2. Sor do bé tri cdc dong cor ddy/chdn vit.

hwéng cta lwc ddy nham chdng lai cac ngoai luc
gay troi dat tir moi tredng xung quanh.

1.2.2. Chdn vit bdu xoay

Chan vit biu xoay (Azimuth Thruster) 1a thiét
bi diy danh cho phwong tién bién. Khac v&i chan
vit truyén théng, truc cia chan vit bau xoay khong
gan c6 dinh véi vé tau ma cé thé xoay déi hudng.
Nho két cdu nay hwéng tac dung ctia lwe diy c6 thé
thay d6i so v&i phwong doc truc cau tau. Hwéng
cta truc chan vit dwgc diéu khién béi dong co

servo thong qua bd truyén banh rang. Véi két cdu
nay viéc lai chuyén huéng cé thé dwoc thue hién
mot cach hiéu qua ma khong can téi banh 14i hoac
trong trwong hop toc do di chuyén cda tau thap
(trwong hop dinh vi tau khoan) thi viéc str dung
banh lai la khong c6 tac dung.

Hién nay, cic nha san xuit cung cip hai mau
chén vit bau xoay phé bién trén thi trweong la chin
vit bau xoay dan dong béi dong co diesel va chan
vit bau xoay din ddng truc ti€p béi dong co dién
(Hinh 3, Hinh 4).
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Hinh 3. Chan vit bdu xoay dan déng co khi
(dong co dot trong).

1.3. Ngén ngi¥ mé hinh hod hgp nhdt thoi gian
thwc va Hybrid Automata

Ngbén ngit m6 hinh hod hop nhat (unified
modeling language) da dworc tiéu chuin hoa béi té
chirc Quan tri hwéng déi twong OMG (Object
Management Group) nhw mot ngén ngir d6 hoa
dung dé truc quan hod, dic ta, xay dung va lap dir
liéu cho cic &ng dung phan mém chuyén nghiép
(OMG, 2011). Ngbén ngitr mo6 hinh hoa hop nhat
thoi gian thwc (Real-time unified modeling
language) dwoc phat trién dwa trén ngén ngit mo
hinh hoa hop nhit (Lavagno et al,, 2003). Ngon
ngit mé hinh hoa hop nhit thoi gian thwe dwoc
dung dé dic ta ciu tric, ¢ng xtr cia hé théng diéu
khién trong hé théng thoi gian thuwc va hé thong
nhing (Nguyen Son Tung, Ngo Van Hien, 2018).
Ngbn ngit mo6 hinh hoa hgp nhat thoi gian thuc
bao gébm tit ca cac ky hiéu mé hinh hoa ctia ngon
ngtr mé hinh hoad hgp nhit, ngoai ra nd con dwara
cac ky hiéu mo hinh hoa: goi (Capsule), cong va
giao thirc nham mo hinh hod cic hé thdéng diéu
khién cong nghiép.

Hé thong dong luc lai cong nghiép (Hybrid
dynamic system) la hé théng diéu khién c6 ké t&i
cac phan roi rac, cac g xt lién tuc va mai lién hé
tac dong gitra nhitng thanh phan nay. Hon nira, hé
théng diéu khién cé thé cé &ng xr khong giéng

Hinh 4. Chdn vit bdu xoay truyén déng dién
(dong co dién).

nhau tai méi thoi diém. Hé théng dong luc lai cong
nghiép dwgc mdé hinh hoda béi mot Hybrid
Automata (Nguyén Son Tung va nnk, 2018). Mot
Hybrid Automata dwgc dinh nghia béi (Hien et al.,
2006) (1).

H={Q,X,Z A Inv,F,q, %} (1)

Trong dé: Q - t6 hop cac vi tri mo ta cac ché do
hoat déng ctia hé théng; X - khong gian trang thai
lién tuc cia Hybrid Automata X € R X - tap hop
hitu han cac sw kién; A - tp hop cac chuyén doi
dwoc xac dinh béi cac rang budc va buée nhay; Inv
- dai Iwong bit bién dung dé theo doi trang thai
lién tuc phai dwoc duy tri (cu théla khi & vi tri g thi
trang thdi lién tuc phdi xdc dinh theo x = Inv(q)); F
- ham lién tuc tong thé (dong lién tuc) dwoc xac
dinh theo tirng vi tri ctia hé théng, n6 1a tong hop
cla cac phan tir lién tuc cia hé thdng theo mét so
do diéu khién xac dinh trudec, tién trinh cla trang
thai lién tuc dwoc xuat hién khi trang thai lam viéc,
F thwong dwoc biéu dién boi hé phuwong trinh vi
phéan, hé phwong trinh trang thai hodc ham truyén
dat; qo - trang thai ban dau; xo - trang thai ban dau
lién tuc cda automate.

2. M6 hinh ciu tric hé théng dinh vi tw dong
danh cho tau khoan
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Mo hinh ciu tric hé théng diéu khién cung
cip nhirng thong tin hitu ich, cin thiét vé ciu tao,
cac thanh phan chinh va moi lién hé gitra cic thanh
phén trong hé thong dwdi goc nhin cia ngwdi van
hanh, nguoi thiét ké, ngudi bao tri. N6i cach khac,
mé hinh ciu tric hé théng cho ching ta biét
phwong thirc hoat déng ctia hé théng mot cach
tong quat nhat. Cling nhw mét hé thong diéu khién
cong nghiép khac, hé thong dinh vi tw dong ctia tau
khoan bao gom phan cirng va phin mém. Cac bd
phin phan cirng bao gom cac déng co diy, hé
truyén dong va dong co phat luc, cic chan vit va
cac cam bién do toc d6 déng co, thiét bi dinh vi va
hwéng cda tau khoan, phin cirng cia bd vi xtr 1y,
giao thirc va cong noi. Trong dd, cac chan vit dworc
dan dong bsi dong co 1a bd phan truc tiép tao ra
lwc ddy can thiét nham chéng lai cac tic dong
khéng mong mudn tir moi triedrng bén ngoai. Phin
mém cuia hé thdng bao gobm cac chwong trinh diéu
khién, chwong trinh con, thuit toan diéu khién.

Hinh 5 gi6i thiéu so @6 khoi nguyén ly lam
viéc cia mot hé théng dinh vi tw dong s dung
cong nghé dinh vi toan cau vi sai DGPS
(Differential global postion system), cac chan vit
khong bién buéc va dwoc dan dong béi dong co
dién. Thiét bi dinh vi gdbm cac bd thu va phat séng
dién tir va may tinh dé€ do khoang cach tir tau
khoan (noi dé mdy thu phdt séng) té¢i mot tram
tham chiéu dwoc dat & mot vi tri da dwoc xac dinh
10 trén trai dat va téi cac vé tinh cda hé thdng dinh
vi toan ciu. Thiét bi dinh vi nay c6 thoi gian

14y mau theo chu ky bang mot gidy va gui dir liéu
vi tri ctia tau khoan cho bo diéu khién. Ngoai ra, dé
tang d6 chinh xac va mang tinh chat du phong, hé
théng con dwoc trang bi thém hé théng thuy 4m
(transducer va transponder). Bo diéu khién chinh
la may tinh va chwong trinh phin mém diéu khién.
Giai thuat todn diéu khién dworc st dung co thé la
tich phan hoi ti€p. May tinh nhin tin hiéu diéu
khién tir ngwdi van hanh (cai ddt tham sé vi tri va
hwdéng) va so sanh véi dir liéu tir thiét bi dinh vi
cung cAp, cac tin hiéu gl vé tir cac cam bién. Sau
d6, bd diéu khién sé so sanh sy sai khac giira trang
thai (vi tri) hién tai véi trang thai mong mudn roi
phét cac tin hiéu diéu khién thay d6i tn s6 va dién
4p clia ngudn t&i tirng ddng co dan dong chan vit
va diéu khién s6 vong quay cta cac dong co servo
diéu khién hwédng ctia truc chan vit dé triét tiéu sai
sO.

Theo cac nghién ctru vé phwong tién tw hanh
dwéi nwdrc, hé thong dinh vi tw ddng clia tau khoan
dwgc xem nhw mot hé thong dong luc lai cong
nghiép va &ng xtr ctia hé thong dwoc mo hinh hoa
b&i hybrid automata. B&i vi, trong hé thong nay cé
xét t&i phan lién tuc, phan roi rac va moi tac dong
qua lai gitra ching. Chi c6 duy nhit mét &ng xi
lién tuc tai mot thoi diém dwoc xac dinh trong
hybrid automata. C6 dai lwong bat bién Inv dé
kiém tra lai tién trinh cda cic dong lién tuc F.
Hybrid automata dwoc bat ngudn tir automate nén
mo hinh &rng x& dong ctia hé thdng twong thich véi
cac mo hinh cia nhém thiét bi cing loai nén c6 thé

Sc’)ng] [ Gio ] Luu

I

trung tdm

Thiét bi dinh vi .
DGPS Tau khoan
B§ diéu khién ] Chan vit

Cam
bién

Hinh 5. So d6 khéi cdu triic hé théng dinh vi tw ddng.
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str dung ho#c sao chép mdt s6 md dun c6 san.
V&i hé théng dinh vi tau khoan: Q dwoc xac dinh
béi cac ché @6 dinh vi tau khoan tai chd, di chuyén
tau khoan t&i vi tri khoan méi hodc di chuyén tau
khoan vé can ctr dich vu, cdng neo diu tranh bio,
diéu khién hwéng va van toc khi di chuyén. X 1a mé
hinh dong lwc hoc ba bac tw do cta tau khoan, cac
phwong trinh vi phan mo6 ta dong hoc ctia dong cor
dan dong. T 1a cac sy kién ra 1énh dinh vi tai chd
hodc di chuyén t&i vi tri khoan méi, di chuyén vé
can ct dich vy, cadng neo ddu tranh bao, cac sai léch
gitra trang thai hién thoi va trang thai mong muén.
A 1a cic bwédc nhdy chuyén trang thai. F dwoc
thanh 13p dwa theo sor d6 khéi chirc nang.

Hinh 6 mo6 ta ciu tric hé théng diéu khién
phoi hop 6 chan vit (Thruster) dwgc mé hinh hod
bdi ngdén ngir mé hinh hod hop nhit trong thoi
gian thuwc. Hé thong bao gom mét bd diéu khién
trung tam (Thruster_HDS_Organizer) va cac bo
diéu khién con phan nhanh trén méi dong co dan
dong cac chan vit, banh rang xoay hwéng

(Thruster_Sub_HDS_Organizer), mot b diéu khién
trung tim gém bd diéu khién tong thé 6 chan vit
(Thruster_HDS_Controller) va cac bd diéu khién
con danh riéng cho tirng dong co dan dong
(Thruster_Sub_HDS_Controller),1&p chuyén doi tin
hiu va trao d6i thong tin tong thé
(Thruster_HDS_Interpreter) va cac 16p chuyén déi,
trao ddi thong tin tir mo6i dong co téi bd dieu khén
chung (Thruster_Sub_HDS_Interpreter). Nhw vay,
ciu truc cua hé théng dwgc mo hinh hoa béi cac
16p/cap, moi 16p/cap diéu khién riéng biét cia
tirmg dong co dan dong chan vit.

3. Kétluin

Qua nghién ctru cho thiy hé théng dinh vi tw
déng tau khoan thudc nhém hé dong lwc lai ¢ cdu
tao va &ng x& cia hé thong kha phirc tap. Viéc st
dung ngén ngir mo hinh hod hop nhéit thoi gian
thuc két hop véi mo ta Gng xtr cia hé thong baoi
hybrid automata da dat dwoc két qua buéc dau

Thruster_HDS_Organizer

Qopname()

*

Thruster_ HDS_Controller

DGPS system Ship HDS
®
Qopname() 1 1 ‘ggrnuaﬂ?(%o

\‘ Thruster_Sub_HDS_1

— e e |
1 | ®opname()

!

Thruster_Sub_HDS_Organizer_1

Qopname()

Thruster_Sub_HDS_controller_1

1..*| ®opname()

Thruster_Sub_HDS_Interpreter

1.* | opname()

/
s
1.
1‘\
1 L]

Thrustersi,
i=1m

A ‘opname()

#| Thruster_HDS_Interpreter

Sopname()

Thruster_Sub_HDS_m '—-"""/
®opname() 1

¢

Thruster_Sub_HDS_Organizer_m

Sopname()

Thruster_Sub_HDS_Controller_ m

¥opname() 1.3

Thruster_Sub_HDS_Interpreter_m

Qopname() filk

Hinh 6. M6 hinh cdu triic diéu khién cdc chdn vit ctia hé théng dinh vi tw dong.
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trong qud trinh phéan tich, mo6 hinh hod, mo
phong va thiét ké b diéu khién phdi hop cac chan
vit cia hé thong dinh vi tw ddng. Dong thoi, két qua
nghién ciru gbp phan giam thiéu sy bi dong, phu
thudc vao cong nghé ctia nha cung cip khi mua
sam cac tau khoan, tau dich vu, tau rai dng... dwoc
trang bi hé thong dinh vi tw d6ng phuc vu khai thac
d4u khi ngoai khoi.
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ABSTRACT

Using the real - time unified modeling language and hybrid automata
to model the controller of combining thrusters of dynamic positioning
system

Tung Son Nguyen 1%, Tuan Thanh Nguyen 2, Hung Quang Dang 3

1Faculty of Elichtro-Mechanics, Hanoi University of Mining and Geology, Vietnam
2 Faculty of Oil and Gas, Hanoi University of Mining and Geology, Vietnam
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Dynamic positioning systems (DPS) and its applications were researched in 60s of the previous
century. In the world, oil and gas industry has a large number of this application. In Vietnam, oil and gas
industry was developped in the later half of the 20t century. In 1981, the first oilwells were completed
then they have been exploited for several decades. So, the production trends to decrease in the traditional
reservoirs such as Bach Ho, Nam Rong - Doi Moi and Nam Con Son etc. To catch up with power
requirement, the oil and gas enterprises must extend to deep water areas. In deep water, it is believed
that DPS plays an important role on drilling ships and other vessels used for oil exploration. Based on the
published research in ship manuevering and dynamic positioning, this paper shares the architecture
model of controller of dynamic positioning system. This paper also proposes to use real - time unified
modeling language and hybrid automata for analysis, specification and modeling the dynamic positioning
system. This result can be used for developing a real dynamic positioning system carried out on drilling
ship.



