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Tém tét: Bai todn vé diéu khién huomg di cia ngw 161 theo ding muc tiéu da dwoc nghién Cl}1{
trén khip thé gici khi thiét ké v khi, Tuy nhién tgi Vit Nam chua c6 nhiéu cong trinh nghién ciru vé
dae tinh thiiy djng lec hoc va hé thong diéu khién ciia ngu 16i. Trong bai bdo nay, cde tde gid da si
dung b6 dieu khién PD dé diéu khién chuyén dong ctia ngu 161 trong hé toa d6 6 bdc i do dudi tic
dgng ctia dong chay, do sdu va lec lac ngu 16i. Két qua mé phong trén Matlab diéu khién chuyén dong
cua ngu [6i tong hop ca 3 kénh cho thdy tinh hiéu qua ciia thudt todn sir dung,

Abstract: The diving control problems of a Torpedo Autonomous Underwater Vehicle have been
researched and developed in many countries around the world as a part of the weapons process
revolution in military. Nevertheless, there are few works in Vietnam related to the research about the
control system of Torpedo. In this paper, a PD controller is used to control the torpedo autonomous
underwater vehicle of co-ordinate 6 independent under the effect of the depth, the wind velocity and
vibration of torpedo. The simulation results via Matlab of the torpedo diving control system synthesis
with 3 ch Is d the Iness and effectiveness of the proposed method.
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L. Gidi thiéu chung

Bic tinh dong hoc cho céc phuong tién
hoat dong dudi nuoc da duge tic gia
T.I.Fossen trinh biy mt cach co ban va tong
quat. Pong thdi cd xét dén sur téc dong cla
dong chay dai dwong [1], [2]. Tuy nhién mé
hinh trong nghién ciru nay 1a mé hinh téng
Quan, chi khao sit dic tinh ddng hoc cho ngu
16i ¢6 1 chdn vit véi cac banh lai diéu khién
theo hudng, d¢ sdu va vay giam lic.

Trén the gioi da c6 nhiéu cong trinh
nghién ciru diéu khién chuyén dong ciia cic
loai ngu 16i khic nhau (4], [5], [9]. Trong @6
€6 md hinh ngu 16i mét chan vit duoc didu
khién bang banh l4i huéng, do sau va vay
giam lic. Trén co s cdc nghién ciru trén két
hop v6i ngur 16i hién c6 thyc té 13 loai 2 chan
vit quay dong truc va nguge chiéu nhau, cic
tic gia da phit trién va thiét ké bo didu khién
PD d¢ dicu khién quy dao chuyén dong ngu
16i dudi sy tac dong cia dong chay dai
duong trong hé toa g 6 bic tr do. Két qua
moé phong bing Matlab/ Simulink da khing
dinh tinh ding ddn cua thuat toan duge sir
dung.

2. Phuong trinh chuyén ddng ngu 16i

Chuyén déng cita ngw 16i duge mé ta
trong hé toa dé- gan lién 6 béc tu do c6 tdm
triing véi tam néi C, [1], [2], [5].

Hinh 1. H¢ tpa do ngu 161

Tim  trong luc tai  diém

T z <
ry=[%¥p2, | - chc thanh phin r, 1a rit
nho, vi thé trong thiét ké ngur 16i gin nhu I
tam ndi trimg véi tam trong lyc.

Lie, m6 men, van tée, van toe goc
trong hé toa d9 gan lién duge ky higu bai cac
vée to sau;

7, =[X,Y,Z]" - La véc to ngoai luc tic
dung Ién ngu 16i.

o =[K,M,N]" - La véc to md men



ngoai lyc tic dung 1én ngur 16i.
V =[u,v,w]' - La véc to vin téc dii
theo cic truc hé toa d6 gin lién X,,%,,7, .
@=[p,q,r]" - Li véc to van tbc goc
trong hé toa 45 gén lién.
v =[U:V,W,P,q,r]r - La véc to vén the
dai va vén tbc goc trong hé toa dé gén lidn.
Vitri x,p,z va géc dinh huémg 4,8,
cla ngu 16i dirpc mé ta.
n=07, 7T M
Trong 46: 7, =[x, 5,2’ ; n, =[¢,6,¢]"
2.1. Phirong trinh chuyén dng thng
quat ciia ngw 16i X
Phuong trinh chuyén déng cia ngu 16i
dwdi dang tdng quat:
M0+ Cop (b =1, @)
Trong d6:
Mg 12 ma trdn quan tinh;
Cpp 1 ma trin hudmg tdm Coriolis;
cpy 1 véc to ngoai lyc va mé men
ngoai Iyc tic dng 1én than ngu 161

m 0 0 0 0 0
0 m 0 O 0o 0
0 0 m O 0 0|
Mu=lo 0 01, 0 ol
000 0 [, 0
060 0 0 0 7,
0 -mr mg 4] 0 0
mr 0 -mp O 0 0
-mg mp O 0 [\ 0
Ce=l g 0 o 0 Lr -Ig
0o 0 0 -IL.r 0 I.p
0 0 0 1.9 -I.p 0
Tea = M0+ C (Vv + D{v)o+ 3
+Lv+g(m+1t
Trong do:

M,,C,(v) 13 ma tran quin tinh va ma
trdn hudmg tam Coriolis khdi nudce kém;

D(v)- La ma trin lyc vd md men thiy
dong;

2(n) - L véc to lyc v& md men phuc hdr;

L(v) - La ma thong 56 tran Iy va md
men cua banh ldi, viy;

r=1,+7,, - Lalgc vi mé men cua
bénh 14i, vay va chén vit.

2.2, Anh buing cia dong chiy dai
dirong d6i véi ngu 16i

Ngu 161 chuyén déng & 46 séu lon nén
chi xét dén sy anh huong cia dong chay dai
duong.

~
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T,
Hinh 2. Vén to¢ dong chdy dai dwong frong hé
toa do dia ly

Vin tée dong chayV, duge phin tich
thanh cic thinh phan «%,v%,w”(hinh 2)
thdng qua céc goc y va ¢.

uf =V, cosycosg

vi =¥, cosysing

wf =V, siny

Vin toe dong chay o, =[u_,v,,w,,0,0,01"
trong 46 u,,v,,w, 14 cic thinh phin vin tdc
dong chay theo cic truc X,,,Y,,Z, .

Vin téc twong dbi khi nay
U =0, =y V> Wy, P g1 T

Khi xét dén sy anh huomg cia dong
chdy tac dong 1én ngu 16i, phuong trinh
chuyén déng cta ngw 15 s& 13 [9].
(M, - M35, =(C,(1,)+ D(v,)

+L, W0, +g)—Cpy 41 @

2.3. Phuong trinh chuyén dong ngw
16i

Phuong trinh chuyén déng ngu 16i

rong k¢ toa 45 6 bic tr do duoc trinh bay
theo h¢ phuong trinh sau [1], [2], [4]:
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£ =u, cosy cosd+ v{cosy sinFsin §—siny cosg) +
+ w{cos y sin cos$ + sin  sin B}
= u, sin y cos @ + W(sin  sin Bsin § +cosy cos @)+
+wisin y sm & cos ¢ —cos  sin ¢} ©)
7 =-u,sinf, +v{cosOsin §) + weosFcos §
§=p+qtanBsiné+rtan fcosé
9=qcos¢—rsin¢
@ =gsin secd+ reospsecd
3.Thiét ké bd didu khién ngu 16
3.1. Thiét ké b diéu khién PD tng
hop ngw 18i theo céc kénh.
 Tachon céc thong s6 md phong cho bd
diéu khién nhu sau:

Kp=20; Ka=2.
Kem15 Ka=l.
Ke=5,  Ka=2

Théi gian md phong: 150 s.

Théi gian md phong: 150s.

Goc huéng ban dhu 45° tai thoi didm
0Os.

Goéc hudng thay d6i vé 45" tai thai
diém 100s.

Do sdu ban diu — 12 m tai thoi diém Os.
Po sdu thay dbi — 22 m tai thoi diém

40s.

Goe Ic thay doi vé& —11° (- 0.2) tai thi
diém 30's.

Géc lic thay déi vé 11°(02) tai thai
diém 70 s.

Téc dng cia thanh phan van téc dong
chdy dei duong v, = 0.8 m/s tai thoi
diém 85s.

Hinh 3: S0 d6 ms phéng déu khén 1dng hop ngw 16i theo cdc kénh

3.2. Két qua md phéng

Tat thiri diém 405 ngu 131 thay déi do
séu tir - 12m tdi - 22m (hinh 6), khi d6 géc
huémg ngu 16i bj anh hwong (hinb 4) va tao
ra géc lic ngu 161 (hinh 8). Tuy nhién, dudi
su diéu khién cua banh 14i hudng (hinh 5) va
vy giam lic (hinh 3.9) tac ding dleu khién
ngu 16i bam theo quy dao mong mudn.

Tai thoi diém 100s ngu 16i thay déi
huréing tir 45° vé - 45°, khi ¢6 d9 sdu ngur 161
(hinh 6) bj dnh huéng va tao ra goc tac ngu
16i (hinh 3.8). Tuy nhién, banh lai sau (hinh
7) va viy giam lic (hinh 3.9) tic dfng dleu
khién ngu 16 bam theo qui dao mong mubn.
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Tai thoi diém 30s va 70s ngwr 16i xuat
hién géc lic, khi d6 géc huéng va d6 sau cia
ngu 16i bi dnh hudmg, nhung dudi sy diéu
khién cia banh lai hwréng v d6 sau tac dong
dleg khién ngu 161 bém theo quy dao mong
mudn.

Véi thujt toan diéu khién PD h¢ théng
c6 thé dap tmg dugc véi cac goc huomg, dd
sau dit khéc nhau, tuy nhién anh huong béi
sur tac dfng qua lai giita céc kénh didu khlen
1& trong a6i 1ém. Tuy nhién du'ovl sy didu
khién cua cac banh 14i ngur 16i van hoat dong
dém bio cée tinh nang ky chién thuat.
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Hinh 4: Két qui mé phong, dleu khién theo hwomg
trong diéu khién téng hap
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Hink 5: Goc banh ldi diéu khién theo huimg rgu 16
trong dicu khién 1ong hop
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Hinh 6: Két qua mé phong dteu khién theo dp siu
trong diéu khién tong hop
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Hinh 7: Géc banh ldi diéu khién theo d6 sdu ngu 161
trong diéu khién tong hop
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Hinh 8: Két qud m¢ phong ﬂleu khién gidm ldc trong

diéu khién tong hop
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Hinh 9: Gic bdnh 16i diéu khién gicm lic ngw I6:
trong diéu khién 1ong hop
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Hink 10: Vét di ciior ngue 16

3.KET LUAN.

Cac két qua md phong cho thiy hé
théng dleu khién cia ngw 16i dép img véi cic
théng sé déu vio:

Theo kénh ngang géc huong toi wu 1

(¢++170°, Thanh phin vin téc dong

chiy theo truc ngang tét nhat la &r

0+1m/s .

- Theo kénh dimg 13 43 siu hoat dong 16
o 1a - 20+—200m, Thanh phan véan
tc dong chay theo truc dimg tbt nhét 1a
tr 0+-0,4m/s .

Theo kénh gidm ¥c la goc lic idt nhit

mé ngu 16i nhanh chéng én dinh (3 6r

0+£11°.

- Theo kénh dimg 1a d§ siu hoat déng t5i
wu 14 - 20+—200m, Thanh phan vin
the dong chay theo truc dimg t6¢ nhit la
tir 0+-0,4m/s
Theo kénh giam lic 13 goc lic tot nhit
ma ngu 16i nhanh chong én dinh 1a tx
G+%11°
Bai béo ¢ thiét k& b diéu khién PD
diéu khién chuyen dong ngu 16i. Két
qué diéu khién cho thiy dudi tic dong
cua dong chay dai dvong quy dao
chuyén dong ngu 16i cho ta dap i img va
théi gian x4c 1ap nbanh, d6 vot 15 giam,
diéu d6 minh chimg cho tinh ding din
coa thudt todn ma cic tic gia di hra
chon.
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