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Tom tit:

Gian khoan ban tiém thay 1a mot cdng trinh ndi chuyén dung trong cdng tac khoan tham do va khai thac dau
khi. Loai gian khoan nay c6 dang bé mang nira chim nira n6i nén c6 kha nang tu on dinh tot trong diéu kién
lam viéc trén bién. Gian khoan bén tiém thiy thuong dugc st dung trong cac méi truong dac biét nhu 1am viéc
xa b va viing nudc sdu trong qué trinh khai thac dau khi. Bé cd thé van hanh tu dong, hé dong luc ddy gian
khoan bén tiém thuy dugc trang bi cac chan vit azimuth véi kha ning co dong cao, diéu khién déng bo va két
hop trong thuc hién cac tac vy nhu diéu dong tau. Do tinh chit dong hoc phirc tap cua hé dong luc diy c6 yéu
cau vé d6 chinh xac cao ciing nhu cdng suat I6n nén can lya chon giai phap diéu khién t6i uu cho hé thong
dinh vi dong. Bai bao dé xuét giai phap diéu khién no-ron mo dé kiém nghiém dic tinh dong hoc cua gian
khoan bén tiém thuy da chan vit. Cac két qua kha thi tir cac truong hop mo phong da cho thay hiéu qua cua
giai phap dé xuat.

Tir khoa: Gian khoan ban tiém thay; Hé théng da chan vit; Chan vit azimuth; Bo diéu khién no-ron mo.

Abstract:

A specialized platform for oil and gas exploration and production drilling is the semi-submersible rig. Due to
the hybrid design of this type of rig, which reaches semi-submersible and semi-floating platforms, it has
excellent self-stabilization in maritime operating environments. The semi-submersible platforms (SSP) are
frequently employed in special locations such as offshore and deep sea when producing oil and gas. The
propulsion system is equipped with high maneuverability azimuth propellers, synchronous control, and a
combination of performing tasks including SSP maneuvering to be able to operate autonomously. It is
necessary to determine the most suitable control approach for the dynamic positioning system due to the
complicated dynamics of the propulsion system, which requires high accuracy and large capacity. This paper
proposes the neural-fuzzy controller for verifying the kinematics of the multi-propeller semi-submersible
platform. The potential outcomes have demonstrated the effectiveness of the suggested solution.

Keywords: Semi-submersible platform; Multi-propeller system; Azimuth thruster; Neural-fuzzy controller.

1. Gigi thiéu hién dai da giup con nguoi linh hoat hon trong van
hanh khai thac cac thiét bi, hé théng diéu khién trén
bo cling nhu ngoai khoi, qua do tang kha nang tu
dong héa va lam viéc doc lap caa cong trinh ndi trén
bién. Trong béi canh d6, nganh cong nghiép khai
thac ngoai khoi ngay cang dong vai trd quan trong

Trong hau hét cac nganh cong nghiép nhu san xuét
khai théc dau khi, dién gié ngoai khoi va phat dién
hai luu thi viéc diéu khién tu dong, t6i uu hoa toan
bo hé thong 1 van dé hét stc can thiét. Bac biét, véi
su phét trién cua ly thuyét va cong nghé diéu khién
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trong nén kinh té Viét Nam va dang timg budc phat
trién nham tranh phy thugc céng nghé nudc Ngoai.

Vé cau tao, gian khoan bén tiém thay (Semi-
submersible platform— SSP) la dang cau trdc noi két
cAu than ntra chim véi mat san thao tac 16n. Cac
chan duoc két ndi ¢ day véi cac phao ndi nam
ngang. Bén canh do, c6 mot sb loai gian khoan béan
tiém thuy c6 cau tric tuong ty dang than tau véi hai
phao c6 miii va dudi tau dé ting kha nang di chuyén
tir giéng khoan nay sang giéng khac bang ché do ty
hanh hoic st dung tau kéo. CAu trlic c&c gian khoan
ban tiém thily ban dau trang bi thém nhiing thanh
giang chéo nham chdng lai tac dong cua tai trong
song. Cac thé hé tiép theo thuong c6 dang hinh
vudng vai bdn cot va phao hinh hop hoic hinh tru
ndi c&c cot vai nhau. Phao hinh hop duoc sap xép
hop ly nham loai bo céc goc nhon dé giir toe do di
chuyén tét hon, ddng thoi thanh giang chéo dugc
loai bo @ don gian héa viéc ché tao. Viéc dinh vi
tri gian ban tiém thay trén mat bién rat quan trong
do anh huong dén tinh an toan, 6n dinh ciia qué trinh
khai thac dau. D& dinh vi lam viéc trén bién, cac
gian ban tiém thay thuong trang bj hé thong neo tir
8 dén 12 day neo. Tuy nhién ¢ viing nuéc sau hon
1000 m, hé thdng neo tro nén khong kha thi trong
van hanh. Van dé nay da duoc khac phuc véi sy
phat trién cia hé théng dinh vi dong (Dynamic
Positioning System - DPS) cho tau thay cling nhu
phuong tién ndi [1]-[3]. Hé théng DPS kiém soét sy
dich chuyén cua gian theo ba bac tu do dua trén bo
diéu khién, hé théng cac cam bién va hé théng dong
lyc ddy da chan vit. Hé thong cam bién cung cap
cho bo diéu khién thdng tin v& vi tri va cac thong sb
moi treong nhu song, giod va dong chay. T do, bo
diéu khién ra lénh van hanh cho cac bo day, dugc
lip ddt & dudi clng cua than gian nham tao ra luc
day va dong nang can thiét dé chdng lai cac luc moi
treong [4]. C6 thé thay, gian ban tiém thay voi hé
thdng diéu khién chiu anh huéng ning né do tac
dong clia méi truong va théng sb bat dinh caa md
hinh. Lién quan dén xt ly nhiéu va sai sd, trong diéu
kién lam viéc c¢d nhiéu thanh phan phi tuyén va bat
dinh nhung hau hét cac ly thuyét diéu khién truyén
thong déu don gian vé cdu tric va phuong phap.
Nhuoc diém caa cic phuong phap nay 1a phuong
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trinh dong hoc cua chuyén dong phai dwoc tuyén
tinh hda trong nhimg diéu kién nhat dinh. Tir do, céc
ly thuyét hién dai nhu diéu khién logic mo (Fuzzy
Logic Control - FLC) [1]-[2], diéu khién truot
(Sliding Mode Control) [4], diéu khién cau tric mo
hinh tiéu ndo (Cerebellar Model Articulation
Control - CMAC) [5], diéu khién mang no-ron
(Neural Network Control - NNC) [6] duoc nghién
cau rong rai. Ly thuyét didu khién hién dai dang 1a
xu thé nghién ciru cua toan thé giéi nham cai thién
chat luong va kha nang 6n dinh khi diéu dong va
dinh vi tri phuong tién ndi ndi chung, gian khoan
ban tiém thay n6i riéng. Tir nhitng nhan dinh trén,
bai bdo nay trinh bay phuong trinh toan hoc cua
gian khoan ban tiém thuy voi hé thong diéu khién
dinh vi dong thong qua diéu huéng cac chan vit
azimuth. D& xuat phuong phap diéu khién lai ghép
no-ron mo nham tang kha ning thich nghi véi moi
truong, tang do chinh xac trong qué trinh di chuyén
gian bén tiém thay.

2. Gian khoan ban tiém thity da chén vit

2.1. Phan tich céc yéu té anh hwéng dén gian
ban tiém thiy trong chuyén déng

Trong diéu kién 1am viéc thuc té cua SSP, ¢6 ba yéu
t6 chinh anh huong dén chat luong diéu khién bao
gom thdng sb khéng chic chén, gisi han két cau va
thoi gian tré. Cac nhiéu dong va moéi truong anh
hudng tryuc tiép dén chat lwong va hiéu suat 1am viéc
caa DPS. Tinh phi tuyén tinh cua DPS ciing lién
quan dén viéc bd tri cac loai thiét bi ddy khac nhau
cho SSP, chang han nhu thiét bi day azimuth (dién,
truyén dong chit L hoac truyén dong Z), thiét bi day
mili tau, thiét bi ddy dudi tau, thiét bi ddy phan lyc
nudc hoic chan vit day cd banh 14i. Hé thdng cd cau
tric phic tap, bao gdm nhiéu thiét bi dan dén cac
théng s cua hé thdng khdng chic chan. Vang gisi
han dau vao va do tré thoi gian cua DPS la nhing
van dé phi tuyén tinh quan trong nhat cia hé thong,
c6 thé dan dén hiéu suat kém tham chi anh huong
nghiém trong dén su 6n dinh cua hé thong [3], [6].
Do do, viéc xay dung mo hinh toan véi cac thong
s6 dugc thiét lap ¢ gia tri xac dinh chi 1a 1y tuong,
viéc &p dung cac mo hinh do6 trong tinh toan va phan
tich hé thong diéu khién can nhiéu thir nghiém, diéu
chinh cho phu hop véi thuc té.
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2.2. Pong hec gian khoan ban tiém thity

YVssp

Hinh 1. Hé toa d6 tham chiéu cho mé hinh SSP.

Chuyén dong ciia SSP gdbm sau bac tu do [7], cac
thanh phan chuyén dong duoc md ta nhu hinh 1, véi
cac chuyén dong: Tién IUi (surge), dat ngang
(sway), 1&n xudng (heave), lic ngang (roll), cudn
(pitch) va quay tro (yaw).

Chuyén dong cua gian khoan ban tiém thay
trong hai hé truc toa d chi xét mé hinh déng luc
hoc theo 03 béac tu do bao gdm hai hé toa d6 nhu
sau; Hé truc toa do6 gin voi than gian 0 —
XsspYsspZssps Va hé truc toa do ¢b dinh twong tng
cia Trai Pat 0—xyz . DPit vécto n=
[x y ¥]7 thé hién vi tri (X, y) va huéng ()
cua SSP trong h¢ truc toa do ¢d dinh gén véi Trai
Pat, hé phuong trinh dong hoc va he tac dong I1én
SSP nhu sau:

n=JWv 1)

Mv + Dv 2

Trong do,véctov = [u v r]7 biéuthichovan

tdc cua SSP theo truc doc, truc ngang va quay quanh

truc thang dung. Ma tran quay J(y), ma tran quan

tinh M € R3*3 va ma tran giam chin D € R3*3
duogc cho boi phuong trinh sau [7]:

=T — Tenvi

cosp —sinyp O
J@) = [sin Y cos P 0] (3)
0 0 1
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= Xssp
& A
Earth-fixed frame
1
m — Xa 0 0
M= 0 m-—Y, mx;-—-Y; 4)
0 mxg — Nf; IZ - Nf‘
X, 0 0
D = O _Yv muO - YT‘ (5)
0 —=N, mxguy— N,

Véc-to dau vao t cia luc va mé-men diéu khién
cung cap bai co cau dong luc. VEC-to T,y biéu thi
cho luc md men cua cac yéu td moi truong tac dong
bao gom séng, gi6, dong chay va véc-to 7, 1a thanh
phan s6ng tan sb cao trong phuong trinh sau:

T
7=ty 7y) ©)
Tenvi = Twave + Twind + Tcurent (7)
Ty = h(s) 8

2.3. M hinh da thiét bj diy cho SSP

<D

1

Hinh 2. Géc quay va véc-to luc cua bo day azimuth.
Bo day azimuth dugc gin dudi phao ndi cia gian
ban tiém thuy, @; 1a goc dinh hudng cua dong co
day thir i, thiét bi azimuth (chan vit) quay theo
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phuong truc z nhdm tao ra hai thanh phan lyc
(Fy, Fy,) trong mat phang nam ngang (hinh 2). Vé
huéng, goc a; € [0,180°] biéu thi goc dinh
hudng theo chidu kim dong ho so véi hudng mili
ciia SSP va a; € [—180°,0] biéu thi goc dinh
huéng nguoc chidu so véi hudéng chuyén dong
miii SSP. Lyc diéu khién chuyén dong do bo day
phuong vi tong hop theo cong thic:

F =ku 9)
Luc va md-men diéu khién quy ra nhu sau [7]:
T=T(a)Lu (10)

Trong d6, ma tran hé s luyc ddy L € R™", bo
truyén dong T (a) € R™" ¢6 dang:

’ T(a) = [t}, - (11)
Cudi cung, trong chuyén dong 3 bac tu do nhu trén
hinh 2, Vi (L, L) 1 vi tri ciia b day thir i trong
hé toa do cd dinh, véc-to luc va mé-men xéc dinh
bang cng thuc tong quét sau:

cos («;)

sin(a;)
Lisin(a;) — Ly;cos(a;)
Két hop céc cong thuc (9), (10), (11), (12) véi cac
phuong trinh tong quét (1) va (2), xac dinh duoc hé
tong hop chuyén dong ciia SSP véi dong luc day da
chan vit.

3. Khio sat cac phwong phap diéu khién
3.1. Bo diéu khién PID

Luc day 7(ty, Ty, Ty) Xac dinh bgi ky thuat diéu
khién PID, thé hién trong phuong trinh (13),
dugc xa@y dung dya trén phuong phap Ziegler-
Nichol. So sanh véi hé s6 trong cong trinh nghién
ctru cua T. I. Fossen [7] duoc trinh bay nhu sau:

t

7(t) = Kpe(t) + Kif e(t)dt + Kd% (23)

0
Trong d6 e(t)va 7 lan luot 13 tin hiéu dau vao va
dau ra cia bo diéu khién, K, K;, K4 1a cac do loi
lan luot khau ti 18, khau tich phéan va khau vi phan
duoc xac dinh thé hién trong bang 1. Lya chon
cac thong s dua vao PID tool trén Matlab, céc
thong s6 t6i wu dugc chon nhu sau:

K, = diag(6e®,6e°,6e°)

K; = diag(10,10,150)

K; = diag(9e®,9e%,9¢?)
3.2. Bp diéu khién mo
Piéu khién mo c6 thé giai quyét anh huong phi
tuyén trong quéa trinh hoat dong cua SSP do cac
tac dong khdng mong mudn gay ra. Mot sb
nghién ctu gan day khi xay dung bo diéu khién
mo [8]-[9], nghién ctu x&c dinh cac ham lién
thugc (MFs) dau vao/ra két hop véi cac quy tac
suy luan mo. Cac dinh dang mo héa duoc bao
gom : NE-am Ién, NSS-am trung binh, NS-am
nho, ZE-khong, PS-duong nho, PSS-duong trung
binh, PO-dwong 16n. C6 hai ngd vao: e 1a sai s6
vi tri va de/dt van tbc sai s6. Ngd ra 7 la luc
diéu khién. Bo diéu khién c6 ba ting mo tao ra
VEC-to IuC T(Ty, Ty, Typ) diéu khién chuyén dong
tién IUi, dat ngang va quay tro. Cac ham thanh
vién dugc thiét 1ap, mdi lién hé thanh phan vao
va ra nhu trén hinh 3, cu thé nhu sau:

e:{NE NS ZE PS PO}

de/dt: {NS ZE PS}
T:{NE NSS NS ZE PS PSS PO}

Bang 1. D6 loi cac thdng sé PID theo phuong phép Ziegler-Nichols [8].

Thong sé diéu chinh

Phwong phap
K, K; Kq
P 0.5K, - -
Pl 0.45K, 1.2K, /T, -
PID 0.60K, 2K, /Ty K,T./8
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Bang 2. Bang luat mo hop thanh.

de/dt
e(t) Tx/Ty/Ty
NS ZE PS

NE NEx/NEy/NEy, NSSy/NSSy/NSSy, NSy /NSy /NSy
NS NSSx/NSSy/NSSy, NSy /NSy /NSy ZEx/ZEy [ZEy,
ZE NSx /NSy /NSy ZEx/ZEy[ZEy, ZEx/ZEy [ZEy,
PS ZEx/ZEy[ZEy, PSx/PSy/PSy PSSy /PSSy /PSSy
PO PSx/PSy/PSy PSSy /PSSy /PSSy POx /POy /POy

Hinh 3. Mdi lién hé giita dau vao sai s6 vi tri e(t)
va sai s6 van téc de/dt véingd ra T(t).
3.3. Pé xuit b diéu khién no-ron meo

Co s6 thiét ké bo diéu khién no-ron mo ¢ thé sir
dung trén nén bo ANFIS da duogc dé xuat trong
[10] véi cau tric bo didu khién ANFIS gdbm 06
I6p nhu hinh 4. Tai l6p tha 6, tong cua tat ca cac

tin hiéu diéu khién dén va khai tao tin hiéu ngd
ra nhu sau:

M M Mo
YZZ/U] f; jzzllﬂj :JZ:;'“] f;

=t

(14)

Cudi cuing, sai léch trung binh binh phuong gitta
tin hiéu dau ra mong mudn y™ va tin hiéu dau ra
thuc y dugc tinh nhu sau:

1] . M [ n M (n 2
=23 Moo )1 /3T )| 09

Dé huan luyén mot hé no-ron mo, céng cu Fuzzy
Logic Toolbox cia Matlab cung cap chirc ning
dong Iénh (ANFIS), bai bao nay thu thap dir liéu
huan luyén dau vao/dau ra bang cach sir dung céc
thi nghiém bang md phong cua hé théng da duoc
mo hinh héa va diéu khién bang PID va mo.

Xi..X; . Xp

Ldp 1 Lép2 Ldp3

Lép4  Ldéps

Ldp 6

Hinh 4. Ciu tric 6 16p cua bd didu khién ANFIS.
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Hinh 5. Nap dir liéu huan luyén cua ANFIS.

Khi str dung ham anfis, bang cach tai dit liéu dau
vao, chuyén vao training Data, fis
anfis(trainingData) tao hé théng suy luan mo
Sugeno (FIS) mot dau ra va diéu chinh cac tham
sb hé thdng bang cach st dung di liéu huan luyén
dAu vao/dau ra di chi dinh. Khéi FIS duoc tao ty
dong bang cach st dung phan ving ludi va diéu
chinh hé théng suy luan ma kiéu Sugeno. Két qua
huan luyén ANFIS phu thugc vao dit liéu ma FIS
nhan duoc dé dao tao cac 1op no-ron trong qué
trinh huan luyén. Dit liéu huan luyén ti
Workspace ding dé huan luyén trong ANFIS
Editor cua Matlab (hinh 5).

4. Két qua md phéng
4.1. Théng s6 md phéng

Céc thong sd co ban ding trong mo phong, véi
cac phuong phap diéu khién trén, cho SSP dugc
chon la gian khoan ‘‘Stena Don’’ cta cong ty
Stena Drilling. Vi ti 1& 1:58, chiéu dai L = 72.25
m, chiéu rong B = 67 m va mon nudc thiét ké T
= 4.6 m. Cac tham s6 méi truong tham khao tai
[3]: Cac hé sb Hy= 0.8m, w,= Orad/s, 1, =
—30° s=2,N=20,M =10, ¢ =3, k=0.005
Va Py, = 0, di voi tac dong gié tuong Gng
A, =24,Ar =9.34,V, =2 mls, va B, = 20°,
anh hudng boi dong chay co V.= 2m/s, Y, =
Py = 0va B, = 30°, song tan sd cao duge cho
bdi wy=0.8976rad/s, A = 0.1,0 = V2. Thong sb
dong hoc cua SSP thiét 1ap nhu trong (16).
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4.2. M6 phéng giai thuat mo va PID

M =

(16)

D=

So sanh dap tng diéu khién mé hinh SSP véi hai bo
diéu khién PID va mo, so ¢6 md phong tai hinh 6.
Hanh trinh caa SSP tir vi tri tham chiéu c6 toa do
[0m,0m,20°] dén vi tri dit cO toa do
[—7m, —7m, 20°], dat don vi thoi gian hién thi gia
tri trong ddi, két qua thu dugc trén hinh 7. Ta thay
bo diéu khién mo dwa SSP vé vj tri ddt nhanh hon
va it dao dong hon PID. Bé diéu khién PID duy tri
duoc huong cua SSP nhung do vot 16 cao, bién do
giao dong 16n va thoi gian xac 1ap cham. Xét dén vi
tri dinh vi theo toa do, két qua thé hién trén hinh 8
cho thay dap ung vi tri caa SSP sir dung ky thuat
mo tot hon PID xét vé do vot 16, bién do dao dong
va thoi gian xac lap.

Tuy nhién, khi hoat déng & cac ving bién sau
SSP chju nhiéu tac dong tir méi truong, nhing tac
dong nay 1a bit dinh do tac dong tir méi trudng
Tonpi 08Y ra C&C sai 6, bo diéu khién mo théng
thuong, chirng t6 kha nang thich nghi kém.
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Hinh 6. So ¢6 mo phong bo diéu khién mo cho SSP.
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" o Fuzzy X
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7 V\‘. ------
A.‘-.... 2
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p Time(s) Hinh 8. Toa do dat duoc cua SSP sau khi diéu khién.
[ | i ' i | ' - = =PID Psi 5 R ., . ‘.
o — Refemce g Bang md phong, thay doi cac tham so cua khoi
| e Fuzzy Psi

nhidu moi truong trén hinh 6 ¢ thé kiém ching
duogc. Bé giai quyét van dé thich nghi tét hon, bd
diéu khién ANFIS gia ting kha nang diéu khién bu
lai cac tac dong khdng mong mudn tir méi trudng.

T v b W w W % v w 4.3. M0 phéng giai thuat no-ron mo' ANFIS

Time(s) \ .2 A N X A
Hinh 7. Dap ting vi tri va hudng khi SSP di chuyén tir Bo dlef‘ khle’n ANFIS durc xay dyng Va} hu‘an Iuyi,:n
[Om om.20° ] dén Vi tri dit [_7m -7m.200 ] theO cac budc nhu trong mucC 3.3. Qua t“nh huan
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luyén dung Neuro-fuzzy Designer vai cac thong tin
co ban tai hinh 9. Két qua hoi tu sau 50 chu ky huin

luyén, bo diéu khién tao ra dugc sir dung trong so

MNeuro-Fuzzy Designer: Untitled

d6 mo phong diéu khién SSP trén Simulink véi bo
diéu khién no-ron mo ANFIS (hinh 10).

File Edit View
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** # of inputs: 2
£ # of outputs: 1
15 +* # of input mfs:
5 Fye 53
w by
14} *%hkm
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Reference

Bo diéu khién ANFIS dugc md phong so sanh véi
bo diéu khién mo da thiét ké. Két qua thé hién trén
hinh 11 va hinh 12 cho thay bo diéu khién ANFIS

e(t) u(t)

____________

Semi-sub

XY Graph

Psi_res

J

Hinh 10. So d6 md phong diéu khién SSP véi b diéu khién Noron-mo ANFIS.

dua SSP vé vi tri dt nhanh hon va khong c6 do vot
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16, dao dong rat it trong toan bo qué trinh di chuyén,
dén gan diém dat vi tri dao dong thé hién qua trinh
diéu chinh dé dat trang thai 6n dinh.



Diéu khién gian khoan ban ti&m thdy da chan vit st dung giai phap no-ron me
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Hinh 11. Bap ung vi tri va hudng cua SSP so sanh

gitra by diéu khién ANFIS va mo.
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Hinh 12. Toa d6 dat dwoc cua SSP so sanh gita bo
diéu khién ANFIS va mo.
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5. Két luan

Bai bao phan tich tong quan md hinh hda, cac ky
thuat diéu khién sir dung cho DPS, thiét ké gian
khoan ban tiém thity da chan vit. M6 hinh dong hoc
cua gian khoan va tong hop luc day duoc mé ta toan
hoc, 1am co s¢ dé khao sat cac phuong phéap diéu
khién. Trong d6, phuong phéap diéu khién no-ron
md ANFIS cho thdy higu qua t6t hon hai phuong
phép con lai 1a PID va mo. O khia canh chiu tac
dong cua moi trudng, b diéu khién ANFIS ciing
dap tng t6t boi kha nang thich nghi ctia nd. Cac két
qua can nhiéu thir nghiém bang mé phong va thuc
nghiém mai cd thé tng dung trong thuc tién.

Lol cam on

Nghién ctru duoc tai tro boi Bo Giao théng van
tai, thong qua dé tai ma sb “DT223013”: Tinh
toan, thiét ké va xay dung hé théng ty dong diéu
khién hé théng da chan vit cho gian khoan ban
tiém thay dua trén giai thuat toi wu di truyén
(genetic algorithm) c6 xét dén anh hudng cua cac
yéu tb moi truong.
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