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Research on heading control system design for ships using fuzzy logic
control combined with sliding mode control
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Diéu khién truot Bai bdo nay trinh bay nghién ctu thiét k€ bd diéu khién mo FLC (Fuzzy logic

controller) két hgp véi bo diéu khién truwgt SMC (Sliding Mode Controller) cho hé
théng gitt hwéng cta tau thily nhim cai thién chit lwong digu khién giit hwéng di. BO
diéu khién mo-tregt FSMC (Fuzzy Sliding Mode Controller) két hop wu diém cia diéu
khién trwot vé tinh dn dinh va manh mé véi kha nang x 1y thong tin mo cia diéu
khién m¢ dé€ gidm hién twong chattering va ting cudng kha ning chéng nhiéu. M6

biéu khién mo

M6 hinh MMG

biéu khién bén virng
Gilt hwéng tau thuy

hinh MMG dwoc stt dung d&€ mo ta dong lwc hoc ctia tau. Cac két qua moé phong trén
MATLAB/Simulink cho thdy FSMC c6 kha ning bam quy dao tot, thoi gian dap Gng
nhanh, d6 vot 18 nhé, sai s6 xac 1ap thap va kha ning chéng nhiéu t6t hon so véi SMC
thuén tdy. Nghién cru nay gép phin ning cao hiéu qua va do tin ciy cta hé thong
diéu khién tau thiy trong diéu kién hoat déng thuec té.
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This paper presents the research on the design of a Fuzzy Sliding Mode Controller for
ship heading control systems to enhance the heading control performance. The FSMC
combines the advantages of SMC in terms of stability and robustness with the fuzzy
information processing capability of FLC to reduce chattering phenomenon and
improve disturbance rejection. MMG model is utilized to describe the ship's
dynamics. Simulation results obtained in MATLAB/Simulink demonstrate that the
FSMC exhibits superior trajectory tracking performance, rapid response time,
minimal overshoot, low steady-state error, and enhanced disturbance rejection
compared to conventional SMC. This research contributes to improving the efficiency
and reliability of ship control systems in real-world operating conditions.
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1. Giéi thiéu

biéu khién tau thdy an toan va hiéu qua la
mot vin dé quan trong trong nganh hang hai va
cac hoat dong khai thac tai nguyén bién. Tau
thiy 1a mot hé thong déng luc hoc phi tuyén
manh, chiu dnh hwéng cta nhiéu yéu té bat
dinh nhuw tai trong thay déi, thong so6 thily dong
lwc hoc khéng chinh x4c, va nhiéu loan tir moi
trwong (gio, séng, dong chay).

Trong nhirng ndm qua, nhiéu phwong phap
diéu khién da dwgc ap dung cho tau thady, bao
gom diéu khién PID (Proportional-Integral-
Derivative) [1], diéu khién LQR (Linear
Quadratic Regulator) [2], diéu khién mé hinh
du bao MCP (Model Predictive Control) [3],
diéu khién trugt SMC (Sliding Mode Control)
[4], [5], va diéu khién mo FLC (Fuzzy Logic
Control) [6]. B diéu khién PID don gian, dé
thwc hién, nhung khé dat dworc chit lwgng cao
khi d6i mat véi tinh phi tuyén va bat dinh 16m.
LQR va MPC yéu cdu mo6 hinh chinh x4c, diéu
nay khé dap &ng trong thue té. SMC c6 wu diém
vé tinh 6n dinh va manh mé, nhung c6 thé giy
ra hién twong chattering (dao dong tin s cao)
trong tin hiéu diéu khién, anh hwong dén co
cau chdp hanh. FLC c6 kha nang xt Iy thong tin
khong chic chan va khong yéu ciu mé hinh
chinh xac, nhung thiét ké bd diéu khién mo
thwong dua trén kinh nghiém chuyén gia va
kh6 dam bao tinh 6n dinh.

Pé khic phuc nhitng han ché trén, nghién
ctru nay dé xudt thiét ké bo diéu khién truot-
md FSMC cho m6 hinh MMG cua tau thuy.
FSMC két hop wu di€ém ctia SMC 1a ddm bao tinh
on dinh va kha nang bam quy dao, trong khi
FLC dworc st dung dé diéu chinh cac thong so
ctiia SMC mdt cach truc tuyén, giam chattering
va tang cwong kha nang thich nghi véi sy thay
doi ctia méi treedng va thong sé tau.

2. Mo hinh MMG cho tau thay

M6 hinh MMG (Manoeuvring Mathematical
Group) la mét mo6 hinh todn hoc dwoc str dung

rong rai d€ mo ta dong luc hoc clia tau thiy khi
di chuyén. N6 1a mdt cong cu quan trong trong
thiét ké hé théng diéu khién va lam co s& dé
phat trién cac b diéu khién tw dong.

M6 hinh MMG dwoc biéu dién bang mot hé
phwong trinh vi phin phi tuyén. M6 hinh MMG
vé co ban gbm 2 loai la:

e M6 hinh 6-DOF, md hinh nay mé ta day
dd chuyén dong ctia tau trong khong gian 3
chiéu (surge, sway, heave, roll, pitch, yaw);

e M6 hinh 3-DOF, thwdng dwoc st dung
dé mo td chuyén dong trong mit phang
ngang gom: Surge (doc tau), Sway (ngang
tau) va Yaw (quay vong), bé qua chuyén
donglén xudng (heave), nghiéng ngang (roll)
va chudi/ngtra (pitch).

Trong rong bai toan diéu khién lai va gitr
hwéng, cac chuyén dong quan trong nhit la
surge, sway va yaw. Chuyén dong heave (Ién
xubng) thwong khong anh hwdéng nhiéu dén
viéc 1ai va gitt huwdng. Chuyén dong roll
(nghiéng ngang) mac du c6 anh hwéng, nhung
trong nhiéu trwong hop, sw anh hwdng nay cé
thé dwoc xtt Iy nhw mot dang nhiéu hodc dwoc
kiém soat bdi mot hé théng riéng (vi du: hé
théng chéng lic). Chuyén dong pitch
(chui/ngtra) twong tw nhw roll, ¢ thé dwgc coi
12 nhiéu hoic dwoc diéu khién riéng.

Trong nghién ctru nay str dung mé hinh don
gian hoa 3-DOF cho thiét ké bd diéu khién gitr
hwéng. Viéc gidm s6 bac tw do tir 6 xudéng 3 gitip
don gian héa dang ké cac phwong trinh dong
lwc hoc. Piéu nay lam cho viéc thiét k&, phan
tich va tinh to4n bo diéu khién tré nén dé dang
hon.

Xét hé toa dd gan vai than tau nhw Hinh 1.
Phwong trinh diéu khién ctia tau dwgc thé hién
duédi dang sau [3]:

(M + Xg)u = (m+ Y, )vr = (mxg +Y|,)r2 = Xp + Xg
(M+Y,)V+ (m=Xgur+(mxg =Y )f =Yg (1)
(I, + N+ (mXg + Ny )V + (mxg + Y )ur = Ng
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Trong dé:

e m: Khoi lwgng tau;

e x¢: Toa do trong tam theo truc x;

e [z: MO men quan tinh cda tau quanh truc
Z,

e X Yy, Y5, Ny, Ny: CAc dao ham thay dong
lwc hoc cong thém vao khéi lwong tau;

e u, v, r: Van toc doc, ngang va toc do goéc
quay (yaw rate);

e 1, v, 1= Gia toc doc, ngang va goc quay;

e Xp: Luc day cta chan vit;

e Xg Yg Ng: Lirc va mé-men do banh lai.

Trong bai toan diéu khién hwéng c6 thé bo
qua b6 diéu khién t6c d6 khi dé ta coi luc day
clia chan vit 13 hing s6 ma sé tip trung diéu
khién Nr (m6-men lai) d€ diéu khién hwéng di.

X0

4
™ s
s

Z

0, Yo
Hinh 1. Cac hé toa d6 va cac vector thanh phan cta
tau thiy.
Cac lwc va m6é men thuy dong luc hoc do
banh 14i tao ra c6 thé dwoc bi€u thi nhw sau:
Xg =-(-tz)Fsino
Y, =—(1-a,)F,coso
N, =—(x; +a,X,)F, coso

(2)

Trong dé: tr1a hé s6 gia tang lwc can do banh
14i; an 1a hé s6 anh hwdng cua than tau 1én luc
ngang cua banh lai; xr Khoang cach tir banh lai
dén trong tim tau (theo truc x); xs Khoang cach
tac dung hiéu qua cta lwc ngang than tau; Fyla
lwc phap tuyén ctia banh lai.

Lwa phap tuyén banh lai Fv c6 thé tinh theo
cong thirc:
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Fy=05pAVC ()  (3)

Trong do:

e Ar: La dién tich banh lai;

e Vr: Van toc dong chdy tic dong dén
banh lai;

e Ci(ar): Hé s6 nang, phu thudc vao goc
tin hiéu qua ar.

Sw nhiéu loan cta gi6 c6 tac dong 16n hon
dén sw an toan clia tau. M6 hinh nhiéu loan clia
gi6 dwoc thé hién bdi cong thire (4).

Xying = 0-50,AURC,, (a3) @
Yying =05,,AURC,, (az)
Nuing = 05024 LU Cyp (1)

Trong do:

o Cwx(ar), Cwy(ar) va Cwn(ar) l1a hé sé
lwc va m6-men khi dong hoc, phu thudc vao
goc hudng gié twong dbi ar;

e A Ay: Dién tich chdn gi6 theo phuongx,
y.

e A;: Dién tich chan gi6 bén.

Cac hé s6 khi ddng hoc nay thwong dwoc xac
dinh bang thuc nghiém (thit nghiém trong hAm
gid) hoac CFD.

3. Thiét ké b diéu khién trwot

biéu khién trwot SMC la mot ky thuit diéu
khién phi tuyén manh mé. Y twéng chinh cta
SMC la thiét k€ mot "mat trwot" (sliding
surface) trong khong gian trang thai cua hé
thong. Mit trwot nay dwoc dinh nghia sao cho
néu trang thai cia hé théng nam trén mit
truot, thi hé thdng sé hdi tu vé trang thai mong
mudn.

Sau khi ¢ dwoc mat treot, mot luat diéu
khién chuyén mach (Switching control law) sé
ap dung l1én hé théng. Luit diéu khién nay cé
tac dung budc hé thdng phai di chuyén vé phia
mat trwot va gitt cho hé théng ludén nam trén
mit treot d6. Khi hé thong khong nam trén mit
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truot, luit diéu khién chuyén mach sé "day" hé
thong vé phia mat truot. Khi hé thdng da dén
mat trwot, ludt diéu khién sé "git" hé thong
trwot doc theo mét trwot nay cho dén khi dat
dén trang thai mong mudn. U'u diém lén nhat
cta SMC la tinh bén virng (Robustness), nghia
la hé thong it nhay cdm véi sy thay doi cta cac
théng s hé théng va cic yéu t6 nhiéu bén
ngoai.

3.1. Xdc dinh mdt trwot

Muc tiéu diéu khién la diéu khién hwéng di
cta tau ¥ theo gia tri mong muén 4, méit truot
duoc dinh nghia nhw sau:

s=ce, ¢ (5)

Trong do:

* e, =y -y, la sai léch géc hwong cua
tau;

e e =r—r, la sai léch cta t6c do quay so
véi gid tri dat;

e cla mot hang s6 dwong quyét dinh dén do
ddc ctia mat truot.

3.2. Thiét ké ludt diéu khién

Chon luit diéu khién trwot c6 dang tong
quat:

U = Uy, +Ug, (6)

Trong do:

e u la gia trj diéu khién;

e Ueq 12 gia tri diéu khién dé can thiét dé hé
thdng gitr 6n dinh trén mit truot;

e usw: thanh phan gitp duy tri hé théng trén
mat trwot. Néu s > 0 (hé théng ndm "phia trén"
mit truot), usw sé 4m, "kéo" hé théng xudng
phia mit trot. Néu s < 0 (hé théng ndm "phia
dwéi" mat truegt), usw sé dwong, "day" hé théng
1én phia mat truot.

DE tim ueq, ta xét dao ham cla s
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$=ce, +6 =cr+r (7)
Thay 1 tir (1) vao (7):

N, —(mxg — N, )v—mx; +Y,
I,—N,

S=cCr+

(8)

Khi hé thong 6n dinh trén mat trwot thi
$ =0, gidi phwong trinh vi phan (8) dé tim uegq:

Upq = Npgg = (MXg — NV +(mx, =Y, Jur
_Cr(lz - Nr)

Thanh phan chuyén mach usw dwoc xac dinh
b&i biéu thixc:

Ugy = -K Sgn(S) (10)

K 1a mot hang s6 dwong, gia tri clia K phai

dt16m dé virot qua cac yéu t6 bat dinh va nhiéu.

Ham dau sgn(s) c6 gia trila +1 khis > 0, -1
khi s <0, va 0 khi s = 0. Pay la mot ham khong
lién tuc tai 0. Khi hé thong tién gan dén mat
trwot (s tién gan 0), ham diu sé chuyén doi qua
lai gitra +1 va -1 mét cach dot ngot. Sw chuyén
d6i khong lién tuc nay dan dén viéc tin hiéu
diéu khién usw cling thay d6i dot ngdt valién tuc
gitta hai gia tri -K va +K dan téi hién twong
chattering. Pay la hién twong khong mong
mudn sé gy mon, hdng co ciu chip hanh va
gidm d6 chinh xac va hiéu qua cta hé thong
diéu khién. Trong nghién cru nay sé dé xuat
phwong phap dé€ gidm charttering bang cach st
dung mot bd diéu khién mo FLC.

3.3 Thiét ké by didu khién mo

Vai tro cta FLC la Diéu chinh gia tri K trong
usw mot cach truc tuyén. Chon dau vao thir nhit
cta bd diéu khién 1a s va dau vao thir 2 1a § dé
cai thién dic tinh dong ctia bo diéu khién. Cau
tric diéu khién FSMC nhw trén Hinh 2.
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AK K(t+1)
FLC
4 tasar [KO
v ’ Ve
SMC » MMG —»

u
|_>U,V,r,\l/d

Hinh 2. C4u tric diéu khién giit hwéng véi bod diéu
khién FSMC.

Nguyén tic chung khi thiét ké FLC la:

e Khi s va 4s 16n (cung du): Tang K manh
dé nhanh chéng dwa hé théng vé mit truot;

e Khi s va 4s nho (gan 0): Gidm K dé tranh
chattering;

e KhisvaAstrai dju: Diéu chinh K mot cach
vira phai.

Trén co s& nguyén tic d6 cac ham lién thudc
vao ra dwoc thiét ké nhw Hinh 3 va luat diéu
khién nhw trong Bang 1.

DPau vao s va $ gobm 5 ham lién thudc la: NL
(Negative Large); NS (Negative Small); ZE
(Zero);PS (Positive Small); PL (Positive Large).

Pau ra AK gom 5 ham lién thudc la: NB
(Negative Big); NM (Negative Medium); NS; ZE;
PS; PM (Positive Medium); PB (Positive Big).

Pham vi va gia tri ciia cac dau vao/ra ctia bo
diéu khién FLC dwoc mo ta nhw trén Hinh 3,
Hinh 4, Hinh 5.

ML NS ZE PS PL

Hinh 3. Ham lién thudc dau cho dau vao s.
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NL NS ZE Ps PL

Hinh 4. Ham lién thudc cho d4u vao s.

NB NM NS ZE PS PM PB

Hinh 5. Ham lién thudc cho ddura AK.

St dung quy tic gidi m¢& mamdani [9] véi
luit mo chi ra nhw Bang 1, mdéi quan hé gitra s
va AK dugc thé hién trong Hinh 6.

Bang 1. Luit m¢ cho ddu ra AK.

STT s S K 13 ZE ZE ZE
1 NL NL PB 14 ZE PS ZE
2 NL NS PM 15 ZE PL NS
3 NL ZE PS 16 PS NL NM
4 NL PS ZE 17 PS NS ZE
5 NL PL NB 18 PS ZE NS
6 NS NL PM 19 PS PS NS
7 NS NS PS 20 PS PL NB
8 NS ZE PS 21 PL NL NB
9 NS PS ZE 22 PL NS ZE
10 NS PL NM 23 PL ZE NS
11 ZE NL PS 24 PL PS NM
12 ZE NS ZE 25 PL PL PB

deltah.
& & b b o w o » o o
T T I — T I —

Hinh 6. M&i quan hé phi tuyén giira s va AK.
Trén co s& quan hé phi tuyén gitra svaAK do

hé théng mo tao ra ta c6 thé nhat thiy rang:

e Khi s < -10 hoac s = 10: 4K c6 gia tri
dwong 16n (khoang +8 dén +9). Biéu nay c6
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nghia 1a khi bién trwgt s 4m 16n (hé thong &
xa mat trwot va di chuyén theo huwdng nguorc
lai), bd diéu khién m¢ sé ting manh hé s6
khuéch dai K d€ nhanh chéong dwa hé thong
vé mat truot.

e -5<s<+5 (ving gin 0): AK gin bang 0.
Diéu nay c6 nghia la khi hé thong & gan mit
trwot (s gan 0), bé diéu khién mo sé gitr
nguyén hodc thay doi rat it hé s6 khuéch dai
K dé tranh chattering.

Twr cac cong thirc (5+9) mo6 hinh Simulink
cia bo diéu khién SMC dwoc duwoc thiét ké

nhuw Hinh 7. Cau truc diéu khién hé théng git
hwéng véi bd diéu khién FSMC Hinh 8.

Hinh 7. C4u tric thiét k€ bo diéu khién SMC trén

simulink.
|
FLC

]

From psi iD
Workspace -
psiD |, smc BN Irl
[m >

v Ship's states

[y _>»v ]
u s Wind u

o K States

SMC Ship MMG Seope

Hinh 8. C4u tric md phéng bd 6n dinh hwéng cho
tau thiy véi bd dieu khién FSMC.

Tin hiéu sai léch cua hwéng di sé dwoc dwa
vao khoi SMC dé tinh todn ra tin hiéu diéu khién
usvc. B6 diéu khién FLC sé diéu chinh hé s
khuéch dai K cho khoi SMC. Tin hiéu hoi tiép
goc lai Y 4 sé dwoc 14y dé tinh todn sai léch diéu
khién ctia hé thong.
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4. Két qua mo phong

Md hinh MMG clia tau dwoc xay dung bing
m-file theo cac phwong trinh (1), (2), (3) va (4),
thong s6 tau [13] dwoc cho trong Bang 2.

Bang 2. B6 thong so tau.

Thong s Gia tri
L 103 (m)
d 15.6 (m)
m 46.105 (kg)
Xu -0.5012
XP 0.183
Yv 0.2496
Yr 0.0542
Nr -0.0488
Nv -0.0782
Nr -0.0430

NR -0.0480
Iz 2,54.10°

M6 phong bd diéu khién gitt hwéng cho tau
thay véi tin hiéu dat Y dang bwée nhdy don vi.

Trong khoang thoi gian 100 gidy dén 1000
gidy tau bé lai sang phai 309, tir sau 100 giay
dén 2000 gidy, tau bé 1ai sang trai 200 hwéng di
khi d6 con 10°. Két qua mo phong v&i cac bd
diéu khién SMC truyén théng va FSMC dworc
thé hién trén Hinh 9.

Puwong nétlién mo ta gia tri dat ¥, duwdng nét
dirng mau dé mé ta dap &ng cta bd diéu khién
SMC truyén thong, dwong nét dirt mau xanh
mo ta dap trng ctia b diéu khién FSMC.

60 .

[
[t
Lo |
[ L gy e
L

20 L . L L . L L . L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

T T

- --psiD-SMC
—psi

psi-FSMC | 1

N
o

psiD(deg)
S

o

Hinh 9. So sanh dap rng ctia b6 diéu khién SMC
truyén thdng va FSMC.
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V&i bo diéu khién SMC c6 do qua diéu chinh
kha 16m khi tin hiéu d3t thay déi. C6 hién tuwgng
dao dong (chattering) lién tuc quanh gia tri dat
Trong khi d6 v&i bd diéu khién FSMC c6 d6 qua
diéu chinh, nhung nhé hon dang ké so véi SMC.
Thoi gian xac lap cling nhanh hon so véi SMC
va gan nhw khong c6 chattering diéu nay c6 thé
thiy ro hon khi phong to dap wng & doan dao
dong nhw Hinh 10.

T T
---psiD-SMC

32+ —psi
psi-FSMC

310
psiD(Deg)
30

20 ¢

28 Ly L L I L L L L . T
770 780 790 800 810 820 830 840 850 860
Time [s]

Hinh 10. So sanh bién d6 chattering gitra b6 diéu
khién SMC va FSMC.

Chat lwong cta bd diéu khién SMC va FSMC,
dwoc danh gia bang sai s6 tuyét déi trung binh
MAE (Mean Absolute Error):

n

1 .
MAE =23 |y, —,

i=1

(11)

Trong do:

e n:1a s6 maiu kiém tra

e y.la miu thi ctia dap tng

e ¥.1a miu thii gia tri dit

Két qua so sanh dap &ng cta 2 bd diéu
khién dwgc cho trong Bang 3.

Bang 3. So sanh d4p tng ctia b diéu khién SMC va
FSMC trong khodang thoi gian tir 0-1000s.

Bo diéu MAE Do qua Thoi gian
khién chinh xaclap
SMC  4371(deg)  833% ~350s
FSMC 2.417 (deg) 60.0% ~300s

Tl két qua trén cho thay b diéu khién FSMC
c6 d6 qua diéu chinh thip hon 23.3% so v&i bo
diéu khién SMC, thoi gian xac lap cling nhanh
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hon 50 gidy so v&i SMC con sai 1éch diéu khién
ctia FSMC thap hon SMC khoang 50%. Diéu do6
cho thay chat lwgng ctia bo diéu khién FSMC da
cai thién hon so véi SMC truyén thong.

Sai léch diéu khién ctia bo diéu khién FSMC
dwoc chi ra nhw trén Hinh 11. Két qua cho thiy
bd diéu khién FSMC bam tin hiéu dat rat tot.
Sau moi lan thay d6i tin hiéu dat, hé thdng chi
mat khoang vai chuc gidy dé on dinh tré lai.

T
L
0 200 400 600

800 1000 1200 1400 1600 1800 20‘00
Time [s]

Hinh 11. Sai léch gdc hwédng di so véi gia tri dat cia

bd diéu khién FSMC.

w
o

N
o

=)

=)

Heading error(deg)

=)

N
=]

Gia tri van tdc doc cua tau (u) duwoc mo ta
trén Hinh 12. Trong giai doan dau (0 - 200 gidy)
tau bat d4u tir trang thai ding yén. Giai doan
200 - 1000 gidy van toc doc duy tri twong doi
on dinh trong khodang tir 2.9 dén 3 hai ly/gio.
Thoi diém 1000 gidy van toc doc cua tau giam
do tau thuc hién bé 1ai sang phai tai thoi diém
nay. Khi tau bé 14i, banh 1ai tao ra lwc can, lam
giam téc do cua tau.

—u-FSMC|
- -u-SMC

L J
0 200 400 600 800 1000 1200 1400 1600 1800 2000
ime [s]

.
Hinh 12. Gi4 tri vin toc doc (u) cia tau.

Vén téc ngang (v) cua tau thé hién trong
Hinh 13. Thoi diém 100 gidy va 1000 gidy, tau
thuwc hién bé 1ai, banh lai tao ra mot lwc ngang
day tau sang phai. Diéu nay lam cho v ting 1én
dwong. Sau dé, do quan tinh va tac dong cua
dong chay, tau bi troi dat sang trai (v am). B
diéu khién FSMC phan ng dé duwa tau vé
hwéng di mong muodn, lam cho v dao dong va
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cudi cing 6n dinh vé 0. B6 diéu khién SMC ciing
diéu khién theo cach twong tuw tuy nhién toc do
bam chdm hon, diéu nay thay ro tai thoi diém
bé 14i.

- -v-SMC
—v-FSMC

J
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

Hinh 13. Gi4 tri vin t0c ngang (v) cla tau.

Van toc quay tré cda tau dwoc mo ta trén
Hinh 14. Thoi diém 100 gidy tau dwoc yéu cau
ré phai, bd diéu khién FSMC tao ra mé-men lai
dé lam cho tau quay theo hwéng mong muén.
Véan t6c quay tré (r) ting 1én dwong thé hién
tau dang quay phai. Sau d6, do quan tinh va dé
bam theo tin hiéu dat, r chuyén sang 4m (tau
quay trai dé diéu chinh lai) va cudi cing 6n dinh
vé 0 khi tau dat dwoc hudng di mong muén.
Thoi diém 1000 gidy goc dat chuyén tir 300
sang 109, tau dwoc bé lai sang trai tao ra tin
hiéu nguworc lai so véi thoi diém 100 gidy.

—r_FsmC
- -r_smc

0.015

200 400 600 800 1000 1200 1400 1600 1800 2000

Time [s]
Hinh 14. Gi4 tri vin tdc quay (r) cda tau.

Thtr nghiém véi hwdng di dang hinh sin nhw
trén Hinh 15.

, psi (deg)

400 Time [s] 600 800 1000
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Hinh 15. D4p &ng cua bd diéu khién véi gia tri dit
dang hinh sin.

Ca hai b6 diéu khién SMC va FSMC déu bam
theo gia tri dat kha tot. Tuy nhién, néu quan sat
ky, ddc biét la & nhitng doan c6 sw thay déi
nhanh hodc & dinh hoac day ctia duwdng cong,
c6 thé thidy dwong chdm xanh (dap ng cua
FSMC) bam sat dwong gia tri dat (Set-point)
hon so v&i duong dit den (dap ing cia SMC).

Lwong héa sai 1éch cuia 2 loai bé diéu khién
bang chi s6 MEA, cho két qua MEA ctia SMC va
FSMC Ian lwot 1a 0.771844 va 0.438752, diéu
nay da lwong hoa sw khac biét, xac nhan rang
FSMC dat dwoc hiéu suit bam trung binh tét
hon SMC.

5. Két luan

Nghién ctru da trinh bay viéc thiét ké bd diéu
khién trirot mo cho hé thong gitt hwéng cua tau
thiy dwa trén mé hinh MMG. B6 diéu khién nay
két hop wu diém cda diéu khién trwot vé tinh
on dinh va manh mé véi kha nang xtr Iy théng
tin mo cta diéu khién mo, gitp giam thiéu hién
twong chattering va ting cwong kha nang
chéng nhiéu.

Két qua mé phong trén MATLAB/Simulink
cho thay b diéu khién FSMC c6 kha ndng bam
quy dao tét, thoi gian dap rng nhanh, d6 vot 16
nho, sai s6 xac 1ap thip so vdi bd diéu khién
truot truyén thong

Nghién ctru nay déng gop vao viéc nang cao
hiéu qua va db tin ciy ciia hé thong diéu khién
tau thuy trong cac diéu kién hoat dong thuec té.
Poéng gop cua cac tac gia trong bai bao

Nguyén Vian Tién: Nghién ctru xay dung
moé hinh MMG tau thady, thiét ké bo diéu
khién. P6 Khac Tiép: Xay dung m6 hinh mé
phoéng, tong hop két qua. Tran Sinh Bién:
banh gid dit liéu mo6 phong, chinh stra ban
thao.

Tuyén bd khong xung dot lgi ich va cam
két ban quyén
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Ching t6i khong cé bat ky xung dot loi ich
v&i bat ky to chirc, cd nhin nao va chiu hoan
toan trach nhiém vé tinh chinh xac, trung
thuc va hgp phap cta ndi dung céng trinh
nay.

Chia sé dir liéu theo yéu cau

Dir liéu sé dwoc cung cip theo yéu cau.
Loi cam on

Nghién cttu nay dworc tai tro bédi treong
Pai hoc Hang Hai Viét Nam trong dé tai ma
s6: DT 24.25.60

1st Nguyén Van Tién*. Khoa Dién-Dién tit, Truwdng
Pai hoc Hang Hdi Viét Nam

2nd P Khic Tiép. Khoa Dién-Dién tit, Truwong Dai
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