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TOM TAT

Bai bao nghién ciu quy ludt chuyén dong cia khoi tam, huéng thudc co hé quay quét sir dung
trong hé thong on dinh bé phong trén tau bién. Nho s dung cdc hé toa do truc giao, véc to duong
ngam gan voi khoi tam dwoc dinh vi thong qua cac phép quay Euler. Khi bé phong dwgc on dinh,
goc va toc do goc cua co h¢ quay quét dudi tac dong cua chuyén dong lac cua tau theo cap song
s€ chuyén dong theo mot quy ludt nao do. Ket qua nghién ciru dong gop co so khoa hoc dé tinh
toan va thiet ké bo diéu khién truyén dong dién cho hé thong on dinh bé phong trén tau bién.
Tir khoa: On dinh bé phong; Co hé quay/quét; Quy luat chuyén déng; Phép quay Euler; Cip song.

1. PAT VAN PE

Céc hé théng én dinh duodng ngim hodc 6n dinh bé phong trén tau bién thuong sir dung co hé
quay quét, trong do, khéi tAm thyc hién chuyén dong quet trong mt phing dung, khéi hudng thuc
hién chuyén dong quay trong mat phing ngang. Phan tir bAm dwoc hé théng quang dién tir x4c
dinh, sau d6 dwa sang hé thdng 6n dinh bé phong. Pong luc hoc ciia co hé quay quét sir dung dé
6n dinh dudng ngim trong hé thdng quang dién tr da duge nghién ctru trong [1]. Theo do, nghién
ctu [2, 3] da xac dinh toa d6 duong ngam va tinh toan goc truc cua co hé quay quét cho hé thong
6n dinh ddi voi phuong tién co ' 8101 quan sy, trén co so khao sat dac tinh dao dong bang cam bién
do ludng quan tinh trén mot sO tuyén duong dac trung. Tuy nhién, [2, 3] chua dé cap va lam rd
gidi han tdc do va goc quay dbi véi cac tuyén duong dic trung do. Cong trinh [4], nghién ctru dao
dong cua tau Hai quan HQ-331 khi lap dat dan phong tén lira rai nhidu PK16 c6 ké dén anh hudng
ctia song bién. Két qua tinh toan trong [4] c6 y nghia trong viéc tinh toan cu thé hon hién tugng
lic cua tau, ap dung trong bai toan 6n dinh khi dong méi hoac lap dat céc loai vii khi 1én tau. Méac
du vay, chuyén dong lic cua tau HQ-331 chua dwa vao mot bé 6n dinh nao dé danh gia. C6 thé
thdy, trong hé théng 6n dinh n6i chung, chuyén dong cua co hé quay quét trén phuong tién co gioi
va trén tau bién c6 tinh tuong dong. Tuy nhién, khi nghién ctru hé théng 6n dinh bé phong trén tau
bién, trong diéu kién goc tam va goc hudng duoc on dinh, dudi cac tac dong lic cia song bién,
chuyén dong cta co hé quay quét s& co nhitng dic diém riéng, cu thé hon. Véi cach tiép can nhu
vdy, bai bao nghién ctru quy luét chuyén dong ciia co hé quay quét dung dé on dinh bé phong trén
tau bién g véi cap song 3 [5-7], tir d6 phén tich mang tinh dinh luong trong viée thiét ké va diéu
khién co hé quay quét sir dung trong hé thong on dinh bé phong dang nay.

Vé mit phuong phap, bai bao sir dung cac hé toa do truc - giao, vée to duong ngam gan v6i khoi
tam duoc dinh vi thong qua cac phép quay Euler. Thong sd cua cap song duogc chuyen héa thanh
cac dao dong lic cua loai tau twong ting. Khi duong ngam duoc On dinh, goc va tdc d6 goc clia co
hé quay quét dugec mo phong truc quan voi chuyén dong lic cua tau theo cap song.

2. COHE QUAY QUET TREN TAU BIEN VA CAC HE TQA PQ SU DUNG

Céc hé toa do gan v co h¢ quay quét duge biéu dién trén hinh 1. Goi O 1a gbc hé toa d6 (HTD)
chuan Goi B 1a goc hé toa d6 gan lién véi tau b1en c6 truc Bxp trung véi truc doc cua tau va hudng
vé phia trudc tau; By, vudng goc v6i Bxp va nam trén mit phang song song véi san tau; truc Bz,
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huéng 1€n trén va hop v6i Bxs, Bys tao thanh mot tam dién thudn. Goi A la gbe h¢ toa do chuyén
dong gan voi khdi quay, c6 Aza trung vdi tryc quay va hudng 1€n trén; Aya hudng vé phia myc tiéu,
vudng goc v6i Aza trén mit phang dbi xtng cia co hé; AXa nam trén mat phang khoi quay va tao
VOl cac truc Az, Aya thanh mét tam dién thuén. Goi E la gdc hé toa do chuyén dong gin véi khbi
quét, ¢ Eye tring v6i véc-to duong ngdm cta hé quan sat; Eze hudng 1én trén, vudng goc voi Eye
trong mat phang dbi xtng cua dai; Exe tring véi truc quay ta va cé chiéu sao cho chinh né hop voi
cac truc Eze, Eye tao thanh mgt tam dién thuan.

Sau day, goi tit cac HTD 1a O, B, A va E. Nhu véy, goc truc huéng A 1a goc quay cia HTD A so
v6i HTP B quanh truc Aza; goc truc tm ¢ 13 goc quay ciia HTD E so v6i HTD A quanh truc Exe. Cac
gdc tam & va hudng S hoan toan do dugce trong HTP lién két gin lién v6i phuong tién mang.

Hinh 1. Co hé quay quét va cdac hé toa do s dung.
3. GIAI BAI TOAN PONG HQC THUAN XAC PINH GOC ON PINH BE PHONG

Goi cu ly D la khoang cach tir tdm bé phong dén muc tiéu M. Trén thuc té, cu ly dén muc tiéu
16n hon rat nhiéu 14n so véi khoang cach gitra cac gbc toa do trén tau, do do, 6 thé xem cac hé toa
d6 O, A, B, E ¢c6 cung diém goc

Tir hinh 1, véc to duong ngam L{E} trong HTD gan v&i khdi tim:

L{E}=1[0 D 0]" 1)
Khong mat tinh tong quét, ta chon D = 1. Khi do, véc to duong ngam L{0} trong HTD chuan:
L{0} = [cosA,cosA; cosAysindy sind,]T 2)

Vi L{E} nhan duoc tir cac phép bién dbi goc quay Euler (theo thir tw Roll, Pitch, Yaw)
Ry (¢, 0,1) va cac phép quay R, (), R, () nén:

L{E} = Ry(6)R;(B)Royz (b, 0, )L{O} 3)
L{0} = [Re ()R, (B)Royz (¢, 6,9 L{E} @)
L{O} = [Ryys (9, 0,0)] " [R,(B)]*[Ry ()] 1L{E} (5)

Vi cac HTD truc giao nén matran ciia phép bién doi toa do truc giao c6 nghich do bang chuyén
vi ciia chinh ma tran d6. Do d6:

L{0} = [Rayz (,6,9)]' [R, ()" [Re ()] L(E) (6)
Dit R, os 12 phép bién doi tong quat:
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Rios = [Ruys (6, 6,)]' [R, (B[R ()] 22 0
[r11 T21 731 T12722 732 T13T23 T33 ] )
Dbi véi cac phan tir clia cic ma trdn trong Ry s, Viét tit sin & s5; cos & ¢, vaky hiéu cac dbi
sb ¢,0,, 5, € tuong ing véi cac chi s6 dudi theo thir tw 13 1, 2, 3, 4, 5. Theo d6, nhan dugc cac
ma tran (9), (10) va (11) nhu sau:
nyZ (¢, 0, 1.0) =
[100 O0c¢c; —s; 0sy¢1]lc;0s, 010 —s,0cy][c3—s30 s3¢c30 00 1] (8)
nyz (¢: 0, ll)) = R, (¢)Ry (B)Rz (lll)

= [c2€3 5152C3 — €153 €152C3 +51S3 €283 S15253 + C1C3 €15,53 9)
—S1C3  —S3 €351 €201 |
[ xyz($, 6, 'l’)] [c2c3 €283 =S, §152C3 — €153 515253 + (10)
C1C3 €351 C1S2C3 + 5153 C15283 — S1C3 CaCq |
[Rz(,B)]T =[c4$4 0 —s4¢c, 0 001]; [Rx(g)]T = (11)

[100 OCS Sg 0—55 C5]
Vi L{E} gin véi truc Ey nén L{0} chi phu thudc vao cac phan tir & cot thir 2 ciia ma tran R, 5.
Cu thé:

L{0}
= [cyC3 €253 —S;  $1S5C3 — €153 S1S253 + €1C3 €3S €1S2C3 + S1S3 €1S5S3 (12)
—51€3 €3¢, 1[c4$4 0 —s,¢, 0 00 1][100 Ocg s5 0—s5 cs][010]
L{0} = [r11 721 T31 TiaTap T3z Ti3Te3 T33][010] = [ryp 1y 7'32]T (13)
Voi: 115 = —C5€354C5 + (515203 — €153)C4Cs (14)
Tap = —C35354Cs + (515283 + €1€3)C4C5 + (€15253 — 51€3)Ss (15)
T3y = S§554C5 + S1C2C4C5 + €1C5S5 (16)
Ddng nhit (2) va (13):
T T
Al = {aTCtg( 2) T12 #0 E: T = 0, T2 < 0; _E: T12 (17)

=0, 15, > 01, = arcsin(rs,)
4. QUY LUAT CHUYEN PONG CUA CO HE QUAY QUET TREN TAU BIEN

Ban chit ctia viéc on dinh bé phong 1a phai gitr cho dugc goc cua bé phong trong HTD chuan
khong thay d01 dudi tac dong cua song bién. Vi co cdu chip hanh dugc gin véi co hé trong HTD
lién két nén can xac dinh goc on dinh cia bé phong trong HTD lién két.

Tt phuong trinh (6):
L{0} = [Rey, (. 6,9)]" [R, (B[R (£)]" LEE}
Do do:
([Ray @ 6.0)]"| L0} = R, [Ru()]LLEY (18)
[Rayz (¢, 8,¥)]|L{0} = [R,(B)I" R (e)]" L{E} (19)

Thay (1), (2), (9), (11) vao (19):
[coc3 $155C3 — €1S3 €1S2C3 + S1S3 €283 S1S253 + €1C3 €152S3
—S1C3  —Sy €281 C3Cq |[cosAycosA cosA,sind, sind, ] =
[cass O —s4,¢c, 0 001][100 Ocs ss 0—sg cs][010] (20)
Vé trai VT va vé phai VP cua (20):
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bat:
{mq1 = c,c3c05,c0541 + cy53c05A,5inAd, — s,sind, My =
(5155¢3 — €153)c0SA,c0SA1 + (515,83 + €1¢3)c0SA,SinAy + C58,Sind, myq =
(c155¢3 + 5153)c0sA,c08A1 + (€15,S3 — S1C3)c0SA,Sindy + cycq8ind,  (21)

Can bang 2 vé cia (20):

myq T
B ={arctg (——1) my, #0 =i My = 0,myy (22)
moq 2
s
<0; —i My = 0,my; > 0 & = arcsin(ms,)

Nhu véy, dudi tac dong cua song bién, dé dam bao cho goc cia bé phong trong HTD chuan
khong thay doi thi cac goc tryc tdm, hudng cia co hé quay quet trong HTD lién két phai c6 quy
luat chuyén dong theo (22).

5. NGHIEN CUU CHUYEN PONG LAC CUA TAU CV-01 VOI SONG CAP 3

Tau CV-01 12 mot loai xudng cao tdc, toc do trén 40 hai 1y/gio. Mau CV-01 ¢6 chiéu dai hon
12m, rong hon 3m, cao 1,5m; chiu dugc song cip 5, gi6 cAp 6 — cap 7. M6 hinh song bién cép 3
c6 chidu cao song trung binh h = 1,25 m; budc soéng trung binh 15,24 m; chu ky séng trung binh
4,25 s[5, 7]. Nghién ctru [6] dwa ra cac quy luit chuyén dong lic cua tau CV-01 song cép 1, 2, 3
nhu hinh 2, 3 va 4.

Bién dé lidc ngang

T ho‘z gian (s)

Hinh 2. D6 thi biéu thi chuyén dong lac ngang ciia tau CV-01.
""""" h=125m; ~~~"h=1Im; h=075m

Bién dg ldc doc
(do)

Théi gian (s)
Hinh 3. D6 thi biéu thi chuyén dong lac doc ciia tau CV-01.

Bién dg ldc diing
(m)

. Thoi oign (s)
Hinh 4. Do thi biéu thi chuyén dong ldc dung cua tau CV-01.

Nhgn xét: Quy luat dao dong lic cua tau CV-01 ciing c6 dang hinh sin twong ty vai quy luat
dao dong cua song bién; a thay rang c6 thé biéu dién cac chuyén dong lac cia tau bang cac dao
dong hinh sin. Thém nira, khi nghién cau quy luat chuyén dong cia co hé quay quét ta cd thé bo
qua chuyén dong lic dung cia tau vi lic dimg anh hudong dén bé phong dugc bl bang hé thong xur
ly anh. Trén thyc té, khi can phai giit huéng thang véi muyc tiéu thi lai tau phai lién tuc thay doi
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goc lai () dé diéu khién goc hudng 6n dinh. Trong qua trinh hoat dong bam muyc ti€u trén ]aién,
chuyén dong dao miii 14i tau c6 cung chu ky v6i chuyén dong lac ngang, lac doc. Céac thong so dao
dong cua tau CV-01 trén song cap 3 dugc trinh bay trong bang 1.

Bing 1. Cdc thong sé dao dong cia tau CV-01 trén song cdp 3.
Lic ngang(®) | Licdoc (8) | Lacdung | Péo miii lai
Chu ky Iic trung binh 31s 31s 2,2s 52s

Bién do lac 16n nhat 12,3 9,3 0,56 m 0+5°

6. MO PHONG QUY LUAT CHUYEN PONG CUA CO HE QUAY QUET

Gia sir can gur on dinh goc tdm A, & mot goc phong nao do (vi du 50°), con huéng bé phong
A, duoc gitr thing véi truc doc ctia tau va hudng thing dén muc tiéu. Khi do, ta c6 cac goc can 6n
dinh nhu sau:
A =0% 2, =50° (23)
Sau ddy, ta s& mo phong quy luat hoat dong ciia co hé quay quét dé 6n dinh duoc goc cua duong
ngim nhu trén véi 2 truong hop O can trén va can dudi cua goc dao lai.

(9 30 1800) sin sin (;Z t) (24)

6 =(122° 1800) st (32’71 ) (25)
2 26

¥ = (¥n 127:00)“" (57; ) )

Nhan xét: Bién d6 goc lic nho, dé don gian ta c6 thé liy gn dung: sinsin (x) = x;
cos cos (x) = 1. Khi do, tir (21) va (22), quy luat chuyén dong cia co hé quay quét duoc viét lai
nhu (27) va (28):

{myq = cosA,cosA, + Pcosd,sind, — Osind, my, = (P —
Y)cosdycosly + (@OY + 1)cosA,sindy + @sind, mgy = (0 + PP)cosAycosAy +
(6Y — ®)cosA,sindy + sind, 27
_ myq T _ (28)
B ={arctg|———):my; #0 —:1my = 0,mq
myq 2
<0; —5i My = 0,my; > 0 ¢ = arcsin(ms,)
6.1. M6 phéng véi bién d¢ géc dio lai yp,, = 0°,y,, = 5°
60 P -~ 7
40-, \\../ \\// h S 4
»
ST 20
=~ %
20} ‘ , ,
4 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)

Hinh 5. Géc va toc do goc ciia co hé quay quét trén séng cap 3, goc ddo ldi 0°.

Nhan xét: Két qua md phong trén hinh 5 cho thay, khi tau CV-01 hoat dong trong diéu kién
song cap 3, goc hudéng dao dong trong dai bién do -7, 11°+17,11° téc d6 goc hudng thay doi trong
dai bién d6 -29,56°%s + 29,56s; goc tam dao dong trong dai bién do 37, 20+ 60,89°, toc do goc tam
thay ddi trong dai bién d6 -24,89 %s + 25,14 %s.
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(0, O/S)

Thoi gian (s)

(0, O/S)

2 4 6 8 10
Thoi gian (s)

Hinh 6. Géc va téc dé goc ciia co hé quay quét trén séng cap 3, goc ddo ldi 5°.
Nhdn xét: Két qua mo phong trén hinh 6 cho thiy, tau CV-01 hoat dong trong diéu kién song

cap 3, goc hudng dao dong trong dai bién do 2110 +
bién d6 -36,59 %/s + 35,92 %/s; goc tAm dao dong trong dai bién do 36,540

= 23,31°, toc d6 goc hudng thay dbi trong dai

+61,84°, tog do goc tam

thay déi trong dai bién do -26,55 %s + 26,35 %s. Cac chuyén dong tAm, hudng c6 thé xem 1a cac
chuyén dong tron. Cac thong sb goc va tbe dd goc nhu trén cho thay, khdi huéng cia bé phong co
xu thé bu chuyén dong sang bén phai huéng dén muc tiéu nhiu hon. Can thiét ké co hé co dai goc
huéng khong nhé hon £25°, toe do quay goc hudng khong nho hon 40 %/s. Nguoc lai, goc tam co
dai hoat dong twong dbi can xung doi 0y chiéu di lén va di xudng (trong khoang 150) Ta c6 thé

chon dai hoat dong goc tam 35° +

= 65°, toc d6 quay goc tim khong nhod hon 30 s.

6.2. M6 phéng trong trudng hop tau chi géc lic doc hoic lic ngang

]
- < —_—
60 , N 7’ . ’ N 7
N ’ N
—~ — 40t - ~ -
S ®
o
O\: o’
N—r
-1 - L d
0 2 4 6 10
Thoi gian (s) Thoi gian (s)
Hinh 7. Géc va téc dé goc ciia bé phong khi tau chi chiu ldc doc.
20 60
Q A FARRY A ’ @ 40
© y \ r\ S
< 0 AN, A S
/ \ Moy ~ 20
-
-20 i ; i i 0 !
0 2 4 6 8 10 0 2 4 6 8 10

Thoi gian (s) Thoi gian (s)

Hinh 8. Géc va toc dg goc ciia bé phong khi tau chi chiu lac ngang.

Nhdn xét: Két qua mod phong trén hinh 7, 8 cho thay, khi tau chi bi lic doc, kl}éi hudng hoan
toan dugc 6n dinh, b¢ chu yéu bu cho khoi tam, véi dao dong nguge pha véi chuyén dong lac doc
(hinh 7). Tuong tu, khi tau chi bi lac ngang, khoi tam cta bé 6n dinh chi dao dong rét it (khong
qua 1 d6), hoat dong bu chuyén dong 6n dinh chu yéu tap trung vao khoi hudng (hinh 8).

7. KET LUAN

Bai bdo da nghién ctru quy luat chuyen dong cua co h¢ quay quét 2 bac tu do, s dung trong hé
thdng 6n dinh bé phong trén tau bién. Dudi tic dong cia song cip 3, tau CV-01 twong tng cd
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nhitng chuyén dong lic va dao mii lai trong qua trinh bam sat myc tiéu. Goc va toc do goc tam,
huéng cia co hé quay quét duge mé ta bang giai tich toan hoc va mé phong truc quan; cac gid tri
t61 han vé téc do goc va pham vi hoat dong cua goc quay duoc xac dinh, lam dau vao cho bai toan
thiét ké, lap dat va diéu khién hé truyen dong dién cho co cAu chap hanh dang nay.
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ABSTRACT

Research on the motion rules of the pan-tilt electromechanical system
in the launch platform stabilization system on ships

This paper has researched the motion rules of elevation and the azimuth of a pan-tilt
electromechanical system used in the launch platform stabilized system attached to a ship.
By using orthogonal coordinate systems, the line of sight vector associated with the
elevation is located through Euler rotations. When the launch platform is stabilized, the
angle and angular speed of the pan-tilt electromechanical are operated via a rule under the
influence of the ship's sharking motion according to the wave level. The research results
contribute to the scientific basis for calculating electric motor capacity and designing
electric drive controllers for launch platform stabilization systems on ships.

T khoa: Launch platform stabilization; Pan tilt electromechaical system; Motion rule; EULER rotation; Wave level.
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