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Tom tdt: Bdi loan ve dieu khien huang di cua ngu loi Iheo diing mye lieu dd duac nghien cuu 
tren khdp Ihi giai khi thiet ki vij khi Tuy nhien Igi Viet Nam chua co nhieu cong Irinh nghien ciiu ve 
ddc tinh thuy dgng luc hgc vd he thong dieu khien cua ngu loi. Trong bdi bao nay, cdc tdc gid dd su 
dung bq dieu khien PD de dieu khien chuyen dong cda ngu loi Irong h^ loa do 6 bgc tu do dual ldc 
dgng cua ddng chdy, dg sdu vd life ldc ngu toi. Kel qud mo phong tren Matlab dieu khien chuyen dgng 
ciia ngu toi long hap cd 3 kenh cho thdy tinh hieu qud cua thudt todn su difng. 

Abstract: The diving control problems of a Torpedo Autonomous Underwater Vehicle have been 
researched and developed in many countries around Ihe world as a part of Ihe weapons process 
revolution in mitilary. Nevertheless, there are few works in Vietnam related to the research about Ihe 
control system of Torpedo. In this paper, a PD controller is used lo control the torpedo autonomous 
underwater vehicle of co-ordinate 6 independent under the effect of the depth, Ihe wind velocity and 
vibration of torpedo. The simulation results via Matlab of the torpedo diving control system synthesis 
with 3 channels demonstrate Ihe usefulness and effectiveness of the proposed method. 
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1. Gi6i thifu chung Chuy6n dOn^ cua ngu loi dugc md ta 
Dac tinh dpng hpe cho cac phuong tien trong he tpa dd gan lien 6 b§c ty do co tam 

hoat dpng dudi nudc da dupc tac 
T.l.Fossen trinh bay mpt each eo ban va tdng 
quat. Ddng thdi ed xet dgn su tae dpng eua 
ddng chay dai duong [1], [2]. Tuy nhien mo 
hinh trong nghien cuu nay la mo hinh tdng 
quan, chi khao sat dac tinh dpng hpe cho ngu 
Idi CO 1 chan vjt voi cac banh lai diSu khi6n 
theo hudng, dp sau va vay giam \ic. 

Tren th6 gidi da co nhieu cdng hinh 
nghien ciiu dieu khien chuyjn dpng cua cac 
lo?i ngu Idi khac nhau [4], [5], [9].Trong dd 
CO md hinh ngu Idi mpt chan vjt dupc dieu 
khien bjng banh lai hudng, dp sau va vay 
giam lie. Tren eo sd cac nghien ciiu hen k6t 
hpp vdi ngu Idi hi?n cd thuc tS la loai 2 chan 
vjt quay ddng tryc va ngupe chieu nhau, cac 
tac gia da phat trien va thia kS bp digu khiSn 
PD de di6u khien quj d?o chuyln dpng ngu 
Idi dudi su tac dpng cua ddng chay dai 
duong hong h? toa dp 6 bac tu do. Ket qua 
md phdng bing Matlab/ Simulink da khSng 
djnh tinh dung djn cua thujt toan dupc sir 
dyng. 

2. Phurnig trinh chuyln dpng ngu 161 

gia trung vol tam noi Cj [1], [2], [5]. 

Hinh I. He tga dp ngu ldi 

Tam trpng luc tai dilm 

'V=[j:8,>'j,^g] , cac thanh phin r^ la r4t 

nhd, vi thi trong thilt k l ngu Idi gin nhu la 

tam noi triing vdi tam trpng hfc. 

Lire, md men, van tdc, van tdc gdc 
trong he tpa dp gin liln dupc ky hieu bdi cac 
vec to sau: 

h=[X,Y,ZY - La vec to ngoai luc tac 
dung len ngu Idi. 

''3 =[K,M,NY - La vec to md men 



ngoai luc tac dung len ngu loi. 

V = [u,v,wf - La vec to van t6c dai 

theo cac true he tga do gin l i k X^, >;, Z^. 

^ = [p' 9. '"1^ - La vec to van toe goc 
trong h? tga do gSn liSn. 

i^=[u,v,w,p,q,rY - La vec to van t6c 

dai va van t6c goc trong he tga dg gSn liSn. 

Vi tri x,y,z va goc dinh huong ^,0,i// 

ciia ngu loi dugc mo ta. 

Trong do: 77, =[x,y,zf ; TJ, =[^,0,i//f 

2.1. PhiroTig trinh chuyen a6ng t6ng 
quat cua ngir ldi 

Phuang trinh ehuyen dgng cua ngu loi 
duoi dang tong quat: 

^RB'^ + C^i^)u = Tj^ (2) 

Trong do; 

Mj^ la ma tran quan tinh; 

C^a la ma tran huong tam Coriolis; 

i'lfg la vec to ngoai luc va mo men 

ngoai luc tac dgng len than ngu 16i. 
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T^ = M^u + C^ (u)u + D{u)u + 
(3) 

-i-L{u)u + g(Tj) + T 

Trong do: 

M^,C^(o) la ma tran quan tinh va ma 

tran huong tam Coriolis khoi nirac kem; 

D(u)- La ma uan luc va mo men thuy 

dpng; 

g(Tj) - La vec to liic va mo men phuc hoi; 

L{u) - La ma thong s6 tran luc va mo 

men ciia banh lai, vay; 

r = r^; + r^„, - La \\fc va mo men cua 

banh lai, vay va chan vit. 

2.2. Anh hv&ng cua dong chay dai 
dvomg doi vtri ngu Id! 

Ngu loi chuyen dgng d d6 sau Ion nen 
chi xet d^n su anh huong ciia dong chay dai 
duong. 

Hinh 2. Van toe dong chdy dai ducmg trong he 
toa do dia ly 

Van toe dong chay K̂  duge phan tich 

thanh cac thanh ph§n wf,vf,H^(hinh 2) 

thong qua cac goc y yk <;. 

u^ = V^ cos y cos g 

vf = r ^ c o s / s i n f 

wf = (^ sin ^̂  

Van toe dong chay o^ =[u^,v^,w^,0,0,0Y 

trong do u^,v^,w^ la cac thanh phan van toe 

dong chay theo cac true X^, 7^, Z^. 

Van toe tuong doi khi nay 

'^,d='^~^c= ["rrf' v,d. w,rf. p, q, rf 

Khi xet den su anh huong ciia dong 
ehay tac dgng len ngu loi, phuong trinh 
chuyen dgng cua ngu loi se la [9]. 
{M^'MJO,^={C/Dj + D{o,,) 

2.3. Phu-ofng trinh chuydn dong ngu-
loi 

Phuong trinh chuyen dgng ngu loi 
trong he tga do 6 b^c tu do dugc trinh bay 
theo h? phuong hinh sau [1], [2], [4]: 

(4) 



(5) 

X - H„ COS i//COS ̂ +v(cos (1/sin ̂  sin (I - sin V COS ji)-t-

+ w(cos vsin ^cos^ + sin((/sin (*) 

jf = u„ sin ̂  cos 6 + v(sin ((/sin ̂ sin )>+cos v'cos ^)+ 

+ iv(siiH(/sin^cos^-cos(//sinf*) 

z = -i/oSin^p+v(cosSsin^) + wcosflcosj( 

^ = p + gtan0sin^ + rtan5cos(* 

^ = 9C0S^-rsin^ 

^ = ^sin ^sec^ + rcos^sec^ 

3.Thi^t ke bo dieu khi^n ngu loi 

3.1. Thi^t ke bg di€u khi£n PD tdng 
hgp ngu ldi theo cac k£nh. 

Ta chgn cae thdng so mo phong cho bp 
di^u khiln nhu sau: 

lCph=20; K(ih=2. 

Kps=1.5; lQs=l. 

Kp,=5; Kdi=2 

Thai gian mo phong: 150 s. 

Thoi gian mo phong: 150 s. 

Goc huong ban dAu 45" tai thoi didm 

Os. 

Goc huong thay ddi vd -45" tai thai 

didmlOOs. 
Dg sau ban dSu - 12 m tai thoi diSm Os. 

Do sau thay doi - 22 m tai thoi didm 

40s. 
Goc mc thay ddi vd - 1 1 " (- 0.2) t^i thai 

diem 30 s. 

Goc lie thay ddi ve 11^(0.2) tai thdi 

didm 70 s. 

Tac dpng cua thanh phan van tdc dong 

chay d^i duong v̂  = 0.8 m/s tai thai 

didm 85s. 

Hinh S: Sa do mo phdng dieu khien tdng hgp ngu loi iheo cdc kenh 

3.2. Ket qua md phong 

Tai thai diem 40s ngu ldi thay ddi do 
sau tir - 12m tdi - 22m (hinh 6), khi do goc 
hudng ngu ldi bj anh hudng (hinh 4) va tao 
ra gdc ldc ngu ldi (hinh 8). Tuy nhien, dudi 
su dieu khien ciia banh lai huong (hinh 5) va 
vay giam lac (hinh 3.9) tac dgng dieu khidn 
ngu Idi bam theo quy dao mong mudn. 

Tai thdi diem 100s ngu ldi thay ddi 
hudng tu 45" ve - 45**, khi do do sau npu ldi 
(hinh 6) bj anh hudnng va tgo ra gde iSc ngu 
ldi (hinh 3.8). Tuy nhien, banh lai sau (hinh 
7) va vay giam lac (hinh 3.9) tac dgng dieu 
khien ngu Idi bam theo quy dgo mong mudn. 

Tgi thoi diem 30s va 70s ngu ldi xu5t 
hien gdc mc, khi do gdc huong va dd sau eua 
ngu ldi bi anh hudng, nhung dudi sy didu 
khien cua banh lai hudng va do sau tac dgng 
dieu khien ngu ldi bam theo quy dao mong 
mudn. 

Vdi thuat toan didu khidn PD he thdng 
cd the dap ung dugc voi eae gdc hudng, do 
sau dat khac nhau, tuy nhien anh hudng boi 
su tac ddng qua lai giQa eac kenh didu khidn 
la tuong ddi ldn. Tuy nhien dudi su dilu 
khien eiia cac banh lai ngu ldi vSn hoat dgng 
dam bao eac tinh nang ky ehidn thugt. 



'] Khi thay d6i huong 

Hmh 4: Kit qud mo phdng diiu khien theo hudng 
trong dieu khiin long hgp 

9 Anh huang d6ng chay I 
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Hinh 5: Gdc bdnh ldi dieu khien theo hudng ngu loi 
trong diiu khiin tdng hgp 

Khi thay dot dg sau 

Htnh 6: Kit qud mo phdng diiu khien theo dg sdu 
trong dieu khien long hgp 

3 . , 

Khi thay doi hucmg 

Hinh 7: Goc bdnh idi dieu khiin theo do sdu ngu lot 
trong diiu khien long hgp 

/ 

Hmh 8: Kit qud mo phdng dieu khien gidm lac trong 
diiu khiin tong hgp 

n 
. / 

Thay doi goc I5c 

Hmh 9: Gdc bdnh ldi dieu khiin gidm ldc ngu lot 
trong diiu khiin long hgp 

Hinh 10: Vit di cua ngu loi 

3. KET LUiVN. 

Cac ket qua mo phdng cho thay he 
thdng didu khiln cua ngu loi dap iing vdi cac 
thdng sd dau vao: 

Theo kenh ngang goc hudng tdi uu la 
0^±170", Thanh phin van tdc ddng 
chay theo true ngang tdt nhat la tii 
0-^lm/5 . 

- Theo kenh dung la do sau hoat dgng tdi 
uu la - 2 0 ^ - 2 0 0 m , Thanh ph5n van 
tdc ddng chay theo true dimg tdt nhat la 
t i i 0 ^ - 0 , 4 m / s . 

Theo kenh giam lac la gdc lac tdt nhat 
ma ngu ldi nhanh chdng dn dinh la tir 
OH-±11V 

- Theo kenh diing la do sau hoat dgng tdi 
uu la - 2 0 ^ - 2 0 0 m , Thanh phiin van 
tdc ddng chay theo true dimg tdt nhat la 
tir 0^-0,4m/s 

Theo kenh giam lac la gdc lac tdt nhat 
ma ngu ldi nhanh chdng dn dinh la tii 
0 -^±l f 

Bai bao da thilt kd bd dieu khien PD 
dieu khien chuyen ddng ngu ldi. Ket 
qua dieu khien cho thay dudi tac ddng 
cua ddng chay dai duong qu j dgo 
chuyen dgng ngu ldi cho ta dap iing va 
thdi gian xac lap nhanh, dg vgt Id giam, 
dieu do minh chimg cho tinh diing dan 
cua thuat toan ma cac tac gia da l\ra 
chgn. 
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