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TOM TAT 
Bai bao trlnh biiy van de thiet ke bg dilu khien d^t tai biSn d€ dat muc tieu on djnh toan cue cho he 
thong ong dan dau trong dieu ki$n c6 nhieu tdc dpng. Dua tren each tiep can thong qua nang luang 
ciia he thong, b&i bdo d3 dua ra du^c m6 hlnh toin h^c cua hS thong cd xet den tac dong xen kenh. 
Phucmg phip thiit ke dya Vein ti£u chu4n 6n dinh Lyapunov dugc sii dung de tim ra bd diiu khien, 
Hi§u qua ciia h§ th6ng kin dugc kilm nghiem thdng qua mdt sd k6t qua md phong. 
TCi' khda: ong ddn ddu, diiu khiin bien, hi phi luyen, tdc dgng xen kenh 

DAT VAN DE 

Ong hut dau la mpt bo phan quan trpng cua 

cong trinh khai thac d^u khi ngoai khoi mang 

dac diem co hpc mem deo va de bj rung dpng 

bdi cac yeu to m6i truong tac dpng den nhu 

song, gio, dong chay. Vi vay, vi?c giam rung 

dpng CO hpc trong cac c6ng trinh hang hai xa 

bcr la van de cap thi l t dupe dupe d§t ra cho 

ITnh vyc dieu khien trong hang hai. 

Dpng luc hpc cua ong hiit dau dupe m6 td bai 

mpt t^p cac phuang trinh d^o ham rieng 

(PDE) vdi mpt s6 di^u kipn bien [IJ. NhiJng 

he th6ng dupe m6 ta boi PDE thu hut dupe 

nhiiu su chu y cCia gidi nghien ciiru vi tinh 

chat phiic tap cua no. Phuang phap dieu khien 

truyen thong dua tren phep phan tich modal 

ddi vai cac mo hinh gian lupc co the tim thay 

d c a c nghien cuu [2,3,4,5,6,7]. Tuy nhien, chi 

mpt s6 it cac he tham s6 rai va vo han chieu la 

CO thS quan sat dupe va diSu khien dupe nen 

chat lugng dieu khien ve co ban bj anh hudng 

bdi phan con lai cua mo hinh dS bj gian lupc 

[8]. Them vao do, yeu cau ve tai cau triic cac 

CO cau ch ip hanh va thiet bj do phan tan cung 

gay khd khan trong vi?c trien khai ky thugt 

dieu khien dya tren phucmg phap modal vao 

thuc xi. 

D6 logi bo dupe nhiing nhugc diem noi tren, 

cac he thong co hpc mem deo dupe xem nhu 

la nhiing hp vo hgn chieu dupe mo ta bdi tap 

cac phuang trinh dao ham rieng, tu do k j 
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thuat dieu khien phii hop dupe ap dung sao 

cho on djnh dupe he vdi so lupng co cau chap 

hanh va thiSt bi do co the chap nhan dupe. 

Cac nghien cuu [9,10] gidi thieu mpt phuong 

phap tiep can mdi su dung phep bien doi tich 

phan de chuyen mdt thanh dang manh 

Timoshenko thanh mot he mdi vdi tinh chat 

6n dinh biet tru'dc. Phep bien doi thuc chat 

nham tim kiem mpt he so khuech dai phii hop 

sau dd thuc hien phep bien doi ngupc phuc 

tgp ddi vdi he da cho. Cac cong trinh tuong tu 

CO the tim thay d [ 11,12,13]. 

Cac bp dieu khien co rang buoc cho cac he 

m i m theo kieu day (string-like) va kieu thanh 

(beam-like) dupe tim ra dua tren phuong 

phap Lyapunov true tiep. Cac cdng trinh 

[14,15] d i cap den van de dieu khien cd rang 

bupc cho he kieu day su dung cac phan hdi bj 

han ch6 dS he dn dinh theo ham mil. Ben canh 

do, cac nghien cuu [16,17] giai quyit cho cac 

h? theo kilu thanh va kieu day. Cac nghien 

cuu ve van de nay ngay cang thu hiit dupe su 

quan tam bdi tinh kha thi trong viec trien khai 

h? thdng dieu khien nhu trong mpt sd cong 

trinh [18,19,20,21,22,23]. Dpng hoc cua dng 

hut diu duoc xem xet den d cdng trinh [18], 

them vao do cdng trinh [24] cdn xem xet ca 

dpng hpc ciia tau. Nghien cu-u [25] da xem xet 

mpt hp thdng ket hop ca cac dieu kien han ch i 

ciia c a cdu chap hanh lln dng hut dau trong 

khong gian 3 chieu. Trong cac nghien cuu k i 

tren, lire cang ciia dng dupe xem nhu khdng 

bien doi va quan tinh bi bo qua nen chat 
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lupng dieu khien cd the khdng thda man trong 
mdt so tru'dng hpp khdng thda man dieu kien 
gia thiet. Ddi vdi cac ung dyng thyc te, lyc 
cang thing giang trong khdng gian va quan 
tinh can phai dupe xem xet doi vdi vat the cd 
dudng kinh Idn. 

Trong bai bao nay, van de dieu khien de dn 
dinh toan cue cho dng hut dau mem vol lyc 
cang thay ddi va cd xet den quan tinh sg dupe 
xem xet. Cac phuang trinh chuyen dpng dupe 
md ta dang PDE theo phuong phap nang 
lupng vdi cac dieu kipn ban che. Bp dieu 
khien han che dupe thiet ke dua tren phuang 
phap Lyapunov true tiep dam bao he thdng on 
dinh toan cyc theo ham mu tai diem can bang 
va lan can digm can bang khi xet den cac tac 
ddng ciia moi trudng. 
MO HINH TOAN HOC CUA Hg THONG 

Hlnh \. Md td dong hoc ong hut ddu 
Mo hinh toan ciia he thdng dupe xay dyng 
dua tren cac gia thiet sau: 

- Ong dupe xem nhu mpt thanh vi ty so 
giua chiiu dai va dudng kinh la Idn; 

- Bd qua bien dgng xoan; 

- Ong dupe xem la ciing cyc bp; 

- V^t lieu che tgo ong la dong nhat; 

- Bd qua tac dpng ciia mdi tnrong den 
phan bo md men xoan; 

- Khdp ndi cau dupe dgt d ca hai dau ong; 

- Cac nhilu tac ddng bdi mdi trudng bj 
chan. 

Phuang trinh md ta dpng nang cua ong dupe 
viet nhu sau. 

dt 

ao)(z,<)] 
dz (1) 

Trong dd u{z,t^ va v{2,/) la cac djch 
chuyen theo phuong ngang X \k Y, (o{z,t\ 
la dich chuyen dpc theo phuong Z; L \k 
chieu dai cua thanh; n\ = pA la khdi luong 
dao ddng rieng tren mot don vj chieu dai ciia 
thanh; A la dien tich mgt cat ngang, va p la 
khdi lupng rieng. Gia thiet rang dng cd hang 
so (duong) lyc cang la P^. ThS nang ciia ong 
dupe md ta la: 

(2) 

EA Ad<o[z,l) \(du{z,t)\ 

Trong do, E la md-dun Young, / la mo-men 
mgt cat ngang cua dng. Thanh phan dau tien 
trong phuang trinh dien ta lyc uon, thanh 
phan thu 2 dien ta lyc cang va thanh phan thii 
3 dien ta the nang bien dang ciia ong. Tac 
dpng cua mdi trudng dupe cho bdi; 

W, = [f„[z,t)u{z,t)dz^ [f^{z,t)s>[z,t)dz (3) 

Trong dd /„ (z,/) , /^( r , r ) lan luptlacacluc 
tac dpng ciia ddng chay len 6ng dan theo cac 
phucmg X, Z. 

Lyc tac ddng chu ddng cua ca cau chap hanh 
dupe cho bdi: 

W^=U^(L,t)u{L,t+)-^U^{L,t]ci,[L,t) (4) 

a do U^{i,t), U^ {L,t) la cac lyc tac dong 
bj chan. Nhu vgy, tdng lyc tac dpng len he 
thong la: 

f- f/.{2.')"(^.')'^+r/.(^.')"»M<^ (5) 
+ U,{L,t)u{L.t) + U,{l„l]ai(L,t) 

Theo nguyen tic Hamilton mo rong ta co: 

^S{T-P+IV)dl = 0 (6) 
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Trongbai baonay,nhuthihientrenhmh l,dng f k p^ 
hut dau cd cac khdp cku dgt d hai dSu va hai + U3 +-^—^ W {L,t) (9) 
diu duoc gin CO djnh. Thay (4) vao phuong V '"o j 
trinh ddng hpc ciia ong nhu duoi day: va 

-m,u, -BIu_+P,u, *^u:u^ F < f ^ + ^ 1 r«, '& + f ^ + ^ l twfdz 

+ EAa^u^ +EA<o^u^ -n,„!i, +/ . i = 0, 

-EIu^ {L,<) + P„u, (L,t) +—ul (L,() 

+ EAo}, (L,t)u, ( i , () = U, (L,t), 

EAii>,[L.t)+—u',{L,t)+^v^{L,l) = U,(L,t). 

a„ (L,l) = v„ (L,l) =!/__ (0,() = v„ (0,(), 

a(0,() = v(O,() = ffl(O,() = O, 

Trong do ky hieu 

ft "" a' ^'- &' ^'-

fe' ^ '•" dt ^'' dl' ^'" 

Thiet ke bp dieu khien 

Xet ling ham Lyapunov sau: 

(7) 

"I 2 7, JJ> ' t2 r j ^ 

+ (^| + 4iV,p,]|f«,'A 

+ f^ + 1iV,P2jfa>.Vz 

8 i ' 

-ff-= 
-(*,.^ 

Neu chon p , 

2 

2 

r, 

-'i^r.p, 

,02 H CO U,dz 
4 i • • 

,.2 + i[*, + i^].'(l,,) 

, P2» 7i. 7^ sao cho: 

2 r. 
p 

(10) 

Khi do ta Co: 

F - (̂ «, ( i , r) + -^»( i . r ) j ( -B/ . - .„ (i,<) 

(8) + / ; » . ( i . . ) + ^ " ; ( i . ' ) 

^£^<y, ( , L , / ) M , ( i , f ) ) 

Sau mdt so phep bien ddi, ta cd: 

2 r,J^ U r, 

- f -4 iv , / ' i r";<fe " . I ' 2 J j> • • 

rfzafe 

+ — 1 uldz^—-^ co^u^dz 

- ̂ '"'° (:uu,dz+j^ \\f,„cb 

.lhE± j^'^'^oz-^^ ^coa,,dz 

V [u,f„dz+ ^co,f,,dz + £^^wf„dz 

^!^\«(.l-.')u.(L.t) 
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+\k,+:^^UL.i)w,(L,i) (u) r%-!^^u'{L,i)-kX{L.i} 

Q}^{L,t)-k^O}f{L,t) 

"h ) 
Chti y rSng: _ 3̂ A 

EA , fflr, 

2 ' ^ ' (12) „ ^ J 
+ EAa,,(L,t)u,(L,l)^U, -cV+ -i-^uf„dz+ [u,f„dz 

EAa,,(L,t) + ̂ u](L,') = U,(L.l) (13) + f < B , / , , & + « - i f a,/.^& 
(18) 

Trong do: 
Thi luat dieu khien dupe lya chpn nhu sau: 

t/„ =-k^u{L,t)-k,u,{L,t), (14) 

U^=-k^(o{L,t)~k^a},{L,t). (15) =̂ """l '^" '" '"^"^ ' '^ '^ ' l 
[ ^ £L ^ & ' i i / i •£•'1 A,2 EA El 

Trong dd k, vdi /=1...4 la cac hang sd | 2 %•,' 2 ;-,"2 '''''" 2 * ^'''"T'T'^ 
duang, chgt. Sii dyng (14), (15) thay v^o (11) (19) 
chiing minh dupe: „ J^^f A ^ , A , ^ J 

V Yi^a ) 

)̂4(-̂ ]} 
(20) 

KET QUA MO P H 6 N G 

_ , De minh hpa hieu qua cila bp diiu khiln duoc 

hanh mot so mo phong. Cac tham so cua ong 

du(?c cho trong Bang 1. 

Bang 1: 77io/n 50 ciio dng hit ddu 

p,EI — fu'dz- f^ifi- - l ^ S f i f i ^ l fu'jz hiit dau dupe cho trong Bang 1 
'» V ""o " • < , ) ' Bim 1: Tham sd aia ine 

" 2'". f">~[« t̂]f">-̂ ^ 

+ f<»,/.iA + ̂ f<»/ . i& (16) 

Tu(16), cac tham so dugc lira chpn nhu sau: 

'° ' ' J-,™. " ' " ' ' ° ''• r,". " ' " (17) 

Wo " ^ ' " 0 Mo " 

Trong do c, vii i = 5...8 la cac hjng s6 
duong chat. Sii dyng (10) va (16), ta co: 
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Ky hifu 

L 

D 

P 

E 

Po 

CD 

CM 

CL 

n,D 

^ 2 0 

li3D 

Mota 

Chieu dai 

Dudng kinh 

Khoi lupng rieng 

M6-dun Young 

Lyc cSng 

H§ sfl luc keo djch 
chuyen ngan^ ngang 
He s6 gia toe djch 
chuySn ngang 

H$ so lyc nang 

He so suy giam theo 
phuang X 
He s6 suy giam theo 
phuang Y 
He so suy giam theo 
phuong Z 

Gi^ tri 

1.000 m 

0,2 m 

8,200 kg/m' 

2 X lO^kg/m' 

1,1x10"^ 

l,2xlO*N 

l,4xlO^N 

0,6xlO^N 

80 s/m' 

80 s/m' 

60s/m' 
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(a) 

Hinh 2. Chuyen dgng cua ong ddn dau khi chua 

CO diiu khiin: (a) u{z,t) vd (b) (o{z,t) 

WmYi i. LifC tdc dgng: (a) u{z,t^vd(b) (a(z,?) 

KET LUAN 

Phuong trinh ddng hpc ciia he th6ng dng din 

dau the hien tinh phi tuyen cung nhu quan h£ 

xen kenh ciia hai phuang chuySn dpng dupe 

xay dyng nhd ap dung linh boat Djnh ly 

Hamilton md rpng. Dya vao phuang trinh 

chuyen dpng ciia dng dau, cac tac gia da thiet 

ke bo dieu khien de lam giam chuyen ddng 

dya tren phuong phap Lyapunov tryc tiep. 

Kha nang dua ong dan dau ve trang thai can 

bang ciia bp di8u khien dupe minh chiing qua 

md phdng. Ddng gdp ciia bai bao dupe the 

hien thdng qua viec dua ra md hinh dpng hpc 

cua he thdng vdi cac tac dpng xen kenh cung 

nhu viec thiet ke thanh cdng bd dieu khien. 

(b) , , ^ 
Huih 3. Chuyen dong cita dng ddn dau khi chua 

codiiukhiin- (a) u[z,i) vd (b) <^{z,t) 
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SUMMARY 
NONLINEAR CONTROL OF A iVL^RINE RISER WITH TRANSVERSE 
AND AXIAL COUPLINGS 

Nguyen Anh Due 
College of Information and Communication Technology - TNU 

The paper present a controller placed at the top end of a marine riser to achieve global stability 
under environmental disturbances. Based on a energy approach, the equations of motion of the 
system with motion couplings are derived, Lyapunov's direct method is employed to design the 
controller. The stability of the closed loop is verified via numerical simulation scenarios. 
Keywords: Marine riser, boundary control, nonlinear systems, couplings. 
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