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NGHIEN CU'U HE THONG DIEU KHIEN VI TRi €O CAU
CHAP HANH GOC LAI CHO CHAN VIT DA PHUGNG
CUA MO HINH TAU THUY THU NGHIEM

A STUDY OF POSITION CONTROL SYSTEM WITH AZIMUTH THRUSTER ACTUATOR

OF THE PROPELLER MODEL FOR VESSELS

TOM TAT

Trong bai béo nay, trinh bay phuong phap diéu khién hudng ddy chan vit
bang bo diéu khién PID cho ddi tuong la hé thong ddy bang chén vit da phuong
ap dung cho tau md hinh thir nghiém trong ché do dinh vi dong. Hé thong chap
hanh gdc ldi chan vit da phuong duoc st dung trong nghién ctu la dong co dién
DC servo dugc mé phdng bang cong cu Matlab - Simulink. Két qua nghién ctiu hé
chdp hanh gdc lai chan vit da phuong lam co s6 thiét ké cho hé théng diéu khién
dinh vi dong DP ap dung trén tau md hinh thit nghiém. Ngoai ra, két qua cling
cho thdy khd nang dp dung cac thuat todn khac nhau cho hé théng ddy bing
chén vit da phuong.

Tir khéa: Dinh vi déng, chan vit ddy da phuong, déng co servo, bd diéu khién
PID.

ABSTRACT

This paper, the method of controlling the propeller thrust direction by PID
controller is presented for the object of the azimuth thruster propeller system
applied to the experimental model ship in dynamic positioning mode. The
azimuth thruster actuator system used in the research is a DC servo motor
simulated by the tool Matlab - Simulink. The results of the study of the azimuth
thruster propeller driver angle actuation system serve as the design basis for the
DP dynamic positioning control system applied on the experimental model ship.
In addition, the results also show the possibility of applying different algorithms
to the azimuth thruster propeller system.
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1.DAT VAN BE

Viéc nghién ctu hé théng diéu khién cho céc tau thay
st dung hé chan vit da phucong da dugc nhiéu nghién ciu
dé cap tai [1-5]. K&t qua clia nhiing nghién cdu dé la trén
€0 s& tu cac hé tau thay thuc da dugc 4p dung trong céc
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nha may déng tau véi hé théng diéu khién va chdp hanh
hién dai dugc phat trién bdi cac nha san xudt I6n trén Thé
gidi. Tuy nhién, trong diéu kién nudc ta hién nay, viéc tiép
can cac cdng nghé diéu khién trén hé théng tau thay hién
dai gap nhiéu kho khan. Vi vay, xay dung mét mé hinh tau
thay th& nghiém gan giéng véi tau thay thuc dé viéc
nghién ctu phat trién cac thuat toan diéu khién 1a mot giai
phap phu hgp vai diéu kién nghién ctu hién nay. Trong d6,
hé thong chdp hanh lai chan vit da phuong cho tau thay
mo hinh la mét co cdu chdp hanh quan trong can nghién
clru va thiét ké sao cho gan giéng véi hé théng chap hanh
cho tau thuy thuc, 1am co s& d€ cac nghién clu tiép theo
nhu hé théng dinh vi déng DP cho tau thiy mé hinh. Vi
vay, nhom tac gid dé xuat nghién ctru hé théng diéu khién
chap hanh goc lai ctia chan vit da phuong cho tau thily mé
hinh thi nghiém, xay dung mé phdéng hé théng la budc
dau cho viéc thiét ké mé hinh thuc.

2. NOI DUNG

2.1. M6 hinh luc ddy va mé-men quay tré trén tau thay
st dung chan vit da phuong

Vi tau thay st dung chan vit day la chan vi da phuong,
né di chuyén trong nudc bdi tdng hgp cac thanh phan la
luc d3y clia cac chan vit da phuong va mé-men quay trg
clia tau [6, 7], hé théng diéu khién dinh vi dong cho tau sé
dua ra lénh diéu khién téng cac luc ddy ngang trén truc X la
¥F,, téng cac luc ddy doc trén truc Y la 3F,, va téng cdc mo-
men tr§ quanh truc z 1a IM,,. Xét mot hé tau téng quat
dugc cau hinh béi n chan vit da phuong, sinh ra cac luc day
F, (trong d6i=1,2,...,n), va géc lai cla chan vit da phuong
la o, dugc thé hién trong hinh 1. Néu tau di chuyén theo
cac truc X, Y va goc lai cha tau nhu thé hién trong hinh 1 ta
¢6 cac phuang trinh luc ddy va mé-men quay trd cla tau
nhu sau [6]:

D F. =D F,cosay, Y F, =D F;sina,
va Y'M, =Fly, sina, +F,x, cosa, )

Theo [7] luc ddy doc than tau va luc ddy ngang than tau
phai thod man:
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F, =2F, cosa,, +F, cosa,, +...+F, cosa,, 2

FtyzF sina,, +F,sina,, +...+F, sina,,

Va mé-men quay trd than tau phai thda man:

D M, >F,Ix, cosa,, +F,Ix, cosa,, +..+F, Ix, cosa,, 3)

" n

+Fly, sina,, +F,ly, sina,, +...+F_ly, sina,,

“AE

I sinat,

F cosa,

Fa <0t
~N
h

i \|n a, ‘m -

Hinh 1. S¢ @6 md hinh tau st dung cac chan vi ddy da phuong

Nhan xét: Tu (1), (2), (3), cac gia tri luc ddy F,, >F, va
moé-men quay tré than tau ¥M,, ngoai viéc phu thudc vao
luc ddy cla cac chan vit con phu thudc vao d6 chinh xac
clia cac goc lai cha n chan vit ddy da phuong a,, Q.
Qg3 Q. Vi VA, viéc diéu khién chinh xac goc léi clia chan
vit da phuong la van dé can phai giai quyét, dac biét khi ap
dung cho hé théng dinh vi dong. Trong phan 2.2, 2.3 bai
bao dé cap dén phuang phap téng hop bo diéu khién vi tri
goc lai ay,.
2.2. Xay dung bo diéu khién cho déng co chap hanh géc
1ai cho chan vit da phuong

2.2.1. Cdu tric cia mé hinh chdn vit ddy da phuong

Trong hé théng ddy truyén théng, dong co diesel lai
chan vit dugc néi véi mét truc (shaft), truc nay qua 6ng truc
(shaft tunnel) va éng lai (stern tube) va két ndi véi chan vit
ngoai than tau phia sau lai tau. Hé théng lai ctia moi hé
thong nay la mét banh 1ai dugc dat sau chan vit.

Dai vai hé théng chan vit ddy da phuong dugc st dung
trén tau 1a su két hgp gilia hé théng day va hé théng lai
thanh mot hé thong. Hé thédng bao gém moét chan vit dugc
truyén dong bsi mét déng ca dién (hinh 2a), chan vit nay
dat trén bau co thé xoay 360° cling dugc truyén dong bang
déng ca dién nhu thé hién trong hinh 2b.

. Bong co truyén
* dbng chan vit

BPéng co truyén
déng lai

" Heé théng co khi

Chan vit

Website: https://jst-haui.vn

Lénh digy

| |
| 7 |
BON £ T ,
iy [y ovuc |y obectntr [, ndoct| |
hodc tay trang I v
= —y— |
| o)
| |
| |
[ chm st v TRi |
GOCLAI ¢
| |
| |
| afs) |
I GOCLA ey |
| |
| |
| HUONG DAY CHAN VT |
| |
I, <= A |

Hinh 2. M hinh chén vit ddy da phuong (a);Cu tric hé thdng lai chan vit da
phuang (b)

2.2.2. Téng hop bé diéu khién vi tri géc Idi bang déng
co dién cho chan vit da phuong

a) Mé hinh todn déng co dién mét chiéu

Véi dong co dién DC, diéu khién bang dién ap phan
Uing, theo [8, 9]sa d6 thay thé nhu hinh 3a.

trong d06: u - tin hiéu vao la dién ap dat vao phan ung
(V), w - tin hiéu ra la van t6c goéc clia dong co (rad/s), R -
dién tr& phan ung (Q), L - dién cdm phan dng (H), i - dong
dién phan tng (A).

Theo [9, 10], s6 d6 laplace clia déng co DC dugc thé
hién trong hinh 3b v&i ham truyén vdi tin hiéu ra la goc
quay ¢ la:

m

G(s):M:MM(1j

UGs) 1, KK s (4)
(Ls+R)(Js+B)
K., 1 K
s[ (Ls+R) (Js+B )+K, K ] ST?S +T,5+1
trong do: K, - hang s6 stic dién dong (V.s/rad), K,,, - stic

dién dong phan Ung (V), J - momen quan tinh trén truc
déng co tai quy vé truc dong co (kg.m?), B - hé s6 masat
nhét cia dong co tai quy vé truc dong co (Nm.s), M, -
momen tai (nhiéu) (N.m). Pat: T, = L/R - hang sé thai gian
dién tl, t. = J/B - hang so thai gian ca va cac thanh phan:
_ TTRB T _( )RB K
" K K,+RB’ > K_K, +RB’

: i, = const

m

KK, +RB
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I [-,..\.. P (s)

Hinh 3. So d6 thay thé clia dng co DC (a);So do khoi cla dong co DC véi dau
ralagéco (b)

(b)

Bang 1. Thong so clia hé thong va dong co mot chiéu Yaskawa-Minertia
Motor

Pong co DC - Minertia QM Cacthéng sd hé théng
series — UGQMEM

CongsuatP,, | W 8,2 |Hang so thoi gian s 0,00125
b bam xungT,,

Diéndp Uy, v 26 | Hang so thoi gian s 0,0015
clia bg Encoder T,

Dong dién |, A 0,66 |Hé s6 khuéch dai 0,0238
Encoder K,

Momen My, Nm | 0,039 |Héso bd truyén luc 0,067
K,

Tocdoquayn | r/min | 2000 |Goccandich deg 90
chuyén

Dién trd phan| Q 12,5 |[Hang so thai gian 0,003

ingR, clia bd Encoder T,

Dién cam phan| H 0.006 |Héso momen dong| Nm/A | 0,073

inglL, K,

Momen quan | Kg.m” | 4,4.10° |Hé s6 dién p dong | V/rad/sec| 0,073

tinh J,, K,

Hé s6 ma sat| Nm.s | 0,59.10°

nhét B

b) Téng hap mach vong téc dé

So @6 mach vong diéu khién t6c d6 dong ca DC dugc
thé hién trong hinh 4a, 1a s d6 mach vong diéu chinh téc
do rat gon dugc thé hién trong hinh 4b.

l Mis)
k. |Y® 1| Mis) alsh

Ude g U X 1 i
— — | & .@ > —
y 1431, Ls+R " Ji+B
Bé digu chinh
dién dp mit chi¢u E(s) i X, L
_R "
]+£Tm
Him 1r\|}'ér| i
bién toc 49
(a)
U,y U @
e L e
(b)

Hinh 4. So d6 mach vong diéu chinh toc do
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- Ham truyén hé hé:

R, K K, 5)

Sow =X
MK, T.s(1+2T,,5)

véi T, =T, +2T,

P

. JR
trong do: T, = " >

m

Ap dung tiéu chuén t6i uu module [9]:

(s) 1
Foo=28 ,chon 1, =T,
My 14215+ 21387 o
F 1

R (S)= OMw —
© - R, K K

o1 =Fows)  RuBBu 275(1+145)

K T.s(1+T,s) (6)
_ Km'-rc
R, KK, 2T,

Téng hop mach vong diéu khién bang chuan t8i uu
module ta cé:
_ we) _ 1 1 1 1

OMw — ~

Uyg(s) K, 1+2T,s+2T2s° K, 1+2T,s

- Tu (6) ta tinh bd diéu chinh t6c d6 R, (s) nhu sau:

2m. 2
w:ﬂzlzﬂ=209,4(rad/s)
60 9,55 9,55
Uy =w,, K, chonUyq=5V =k = > _0,0238
-V6i bo bam ap mot chidu: g, = Y ~26 _5
Uy, 5

-Taco: Ty, =T, +2.T,,
vivay, T, = 0,0015 + 2.0,00125 = 0,004sec

1 R, _4,410°12,5

© Ky (0,073)
KnTe 0,073.0,01 _

RuKuKe-2Tg  12,5.5,2.0,0238.2.0,004

=0,01sec

=R,(p)= 0,059
¢) Téng hop mach vong vi tri
Téng hop mach vong vi tri cling tuong tu nhu téng hop
mach vong téc dé [9], ta dung tiéu chudn t8i uu module va
ham truyén dat ctia mach vong téc do ldy la khau bac hai,
bo qua cac khau bac cao.
w(s) 1 1

— (8)
w,(s) 1+2T s K,

Khi dung chuén t8i uu module [9], viét gon sc d6 ta co
mach vong diéu chinh vi tri nhu trén hinh 5.

U,a Upy Ry pip)

Sop

Hinh 5. So d6 mach vong diéu chinh vi tri

Néu khi téng hgp mach vong vi tri R,(s) diing chuan t6i
uu module, ta c6 ham truyén ctia déi tugng nhu sau:
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k Ko

'K, )

5oy (8) = S(1+2T5)(1+T,5)

- V&i goc léi la a, ty s6 truyén banh rang la 18:1 khi dé:
-2 1: = ¢ =2mnn(rad)

- Ti d6 ta xac dinh dugc tin hiéu dat xap xi tin hiéu phan

YN U
hoi, tic Ia:K(p =_—%d

®
- Ap dung tiéu chudn t6i uu modul, chon t, =T, ta co:
1
R,(s) =
0 () K, K, (1+71,5)
K,s.(142T,5) 7 1+ T,s (10)

——(1+2T,
K K 2T ( wS)
- Gi& st ta chon géc lai dich chuyén 1a a = 90°, ty s6
truyén clia hop s6 la 18:1, khi d6 ta tinh dugc s6 vong ma
a.18 90.18

dong cao phdi quay la: = n=——=""—=4,5(vong)
360 360
- Goc phai quay la: ¢ = 2m.n =91 = 28,26 (rad)
-Chon U,y =5V:
u
0= Yod __ 5 _ 0,177
@ 93,14

- Hé s6 khuéch dai truyén luc:

1
= [Kwdt =K wt =K, = 2 _ 0,067
) wt

Ro(s) = (1+2T,,5)

KK2T

B 0,0238
0,067.0,177.2.0,003

(1+2.0,004s) =334,7+2,67765s

2.3. Mé phéng hé théng

So d6 mé phong clia hé théng chap hanh goc lai cho
chan vit da phuong dugc xay dung trén Matlab - Simulink
thé hién trong hinh 6.

= =

Hinh 6. S¢ @6 md phong diéu khién vi tri goc li cho chén vit da phuong
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goc)

ALPHA (do

""" (=== GOC LAl ALPHA DAT
=== GOC LA ALPHA CHAP HANH

r'nmmmmn;*.

Hinh 7. K& qua md phdng hé théng diéu khién vi tri géc lai alpha khi tin
hiéu dat dang bac thang

Tién hanh chay chuong trinh mé phong vai gia tri clia vi
tri dat theo dién ap (Uy = 2,5V, 5V, -2,5V, -5V, 7,5V, 10V
tuong Ung vai gié tri yéu cau goc lai 1a a = 45°, 90°, -45°,
-90°, 45°, 180°), ta c6 két qua mé phong nhu dé thi dac tinh
vi tri trong hinh 7.

ALPHA (do goc)

GOC ALPHA DAT
=== GOC ALPHA CHAP HANH

[ L 1
THOI GIAN iglay)

Hinh 8. K&t qua md phdng hé thdng diéu khién vi tri goc 1ai alpha khi tin
hiéu dat dang hinh sin

Nhan xét, két qua mé phong trong hinh 7 cho thay, gia
tri goc lai clia chan vit da phuang & cac gia tri a = 45°, 90°,
-45°,-90° 45°, 180°. TU két qud moé phdng ching ta thdy sai
s6 vi tri Ap = 0, sai léch tinh 8% = 0, d6 qua diéu chinh
Grmax = 0, thai gian qua d6 tir 0 dén 0,4s 1a hé théng én dinh
khi dat dén vi tri géc ldi yéu cau. Trong hinh 8, véi gia tri dat
géc alpha dang hinh sin véi bién d6 +90°, -90°, chu ky 12 6,2
gidy cho thay hé thong chap hanh goc lai alpha bam chinh
xac theo bién dang sin ctia géc lai alpha yéu cau.
3. KET LUAN

Bai toan diéu khién vi tri goc lai cGa chan vit da phuang
cho tau thiy mé hinh dugc mé phong thanh cong bang
céng cu Matlab - Simulink, dap Ung dugc yéu cau dat ra la:
mo phdng dugc hé théng chap hanh géc léi alpha cta chan
vit da phuang chinh xac khi c6 Iénh diéu khién (ti tay trang
diéu khién cta ngudi lai hodc tir hé théng dinh vi ddng DP).
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Két qua mo phong cho thay hé théng phan ting nhanh va
chinh xac khi c6 1énh diéu khién. Viéc diéu khién tu déng
goc lai alpha bam theo lénh diéu khién lam tiang hiéu suat
lam viéc cta hé théng lai trén tau thay, tur dé gidp cho viéc
diéu khién tau mét cach co dong va chinh xac trén mat
bién. Két qud mé phoéng cla bai bao la di liéu dé kiém
ching khi thiét ké hé théng diéu khién chap hanh goc léi
cla chan vit da phuong thuc gén trén tau thiy moé hinh thi
nghiém va hé thong dinh vi dong trén tau thay.

Nghién ctu nay dugc tai trg bdi Truong Pai hoc Hang
hai Viét Nam trong Dé tai ma s6 DT21-22.46.
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