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TOM TAT

Bai bao nghién ciru dong hoc nguoc cua mo hinh b¢ phong trén tau bién (BPT) duwoc on dinh
géc tam va goc hwéng. Sir dung mé hinh ndy ta sé xdc dinh dwoc quy ludt ciia cdc goc truc tam
va goc truc hudng cua bé¢ phong. Cac quy ludt nay lam co so cho viéc thiét ké b diéu khién va
thiét ke co khi loai bé phong nay.

Tir khoa: Goc lic ngang; Goc lic doc; Lic dimg; Goc truc tim; Goc tryc hudng.
1. MO PAU

Do BPT duoc lap trén tau bién nén ludn chiu sy tac dong cua dao dong tir song blen dé vat
duoc phong dap ng duge cac yéu cau vé tim va hudng thi phai duge 6n dinh goc tam va goc
hudng dudi tac dong cua 3 chuyén dong cua tau bao gom chuyg:n dong lic ngang, lic doc va lic
dung [1]. B¢ danh gia tinh kha thi cua vi€e thi€t ké by diéu khién va co khi cho BPT, can di giai
mo6 hinh dong hoc ngugc cua bé phong voi dicu kién la goc phong va huong phong ludn khong
doi dudi cac tac dong lac cua song bién. Khi do, c6 thé xac dinh dugc cac quy lut cua goc truc
tam va goc truc huéng ma co cau chap hanh phai thoa man.

Cac cong trinh [2, 3] da di xdy dung md hinh dong hoc thuan ctia b¢ phong 6 bac tw do c6 thé
ng dung cho rat nhiéu bé phong khac nhau, tuy nhién, mé hinh dong luc hoc nguge 6n dinh goc
tam va goc hudng cho bé phong chua duoc dé cap. Dua trén két qua cua cac cong trinh nay, mo
hinh dong hoc nguoc tiép tuc dugc nghién ciru ¢ day. Mo hinh dong hoc cling 1a co s6 cho viée
xay dung mo hinh dong luc hoc ciia BPT & cac cong trinh ti€p theo. Muc 2 dudi day sé di xay
dung rang budc dong hoc cua bé phong, dudi cac gia thiét khac nhau cac quy luat cua goc truc
tam va goc truc huéng duge xac dinh. O muc 3, cac két qua nghién ctru & muc 2 s€ dugc ap dung
cho mot md hinh BPT da thiét ké duogc dit trén mot loai tau nhit dinh trén mé hinh séng cap 3 va
cac két qua ciing dugc danh gia va thao luan chi tiét & muc nay.

2. XAY DUNG MO HINH PONG HQC VA PONG HOC NGUQC CUA BE PHONG
2.1. M6 hinh dgng hoc ciia bé phéong

Cc gid thiét thiét ldp mé hinh todn

Khi x4y dyng mé hinh dong hoc ctia bé phong sir dung céc gia thiét sau:

- Chi xét dén ba dao dong chinh cua tau 1a lic ngang, lic doc va lic dung;

- San tau, dé b¢, ray dan huéng va vat phong dugc coi lé’kh(‘)i tuyét doi cimg. Khép lién két
gitra cac vat chuyén dong tuong do6i voi nhau la khong bién dang. Do ray dan hudng va vat
phong dugc gan cing véi nhau trong trong qua trinh diéu khién nén coi ray dan huéng va vat
phong 1a mot;

- Do bé phong c6 khdi luong nho hon nhiéu so véi tau nén coi chuyén dong cua cac thanh phéan
bé phong khong anh huong dén tau. Nhu vay, bé phong chiu qua tai cudng buc do tau tac dong;

- O trang thai ban ddu miat nude tinh, ray ddn hudéng da nghiéng so voi miat nude bién ao, goc
nay twong ung 1a goc phong ddi véi bé phong trén mat dét.

Trén co sé cac gia thiét trén, dé tai di xay dung mo hinh dong hoc cho mé hinh co hé tau — bé
phéng — tén Itra.
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Mo hinh co hé

BPT duoc b\(‘) tri trén tau duoc coi 1a mot co hé 2 bac tu do ¢6 mé hinh hinh hoc dugc thé hién
0 hinh 1, bao gom:

Vat 1: Than bé va cac chi tiét gén cung voi than bé.

Vat 2: Ray dan hudng va cac chi tiét gin clig véi ray din hudng.

Hinh 1. M6 hinh co hé ciia bé phong va hé toa do.
Cac hé toa do
Céc hé toa do dé xay dung mé hinh toan dugc thé hién & hinh 1 bao gdm:
- Hé toa do cb dinh R = {0°1°2°3%, mat phang 0°1°2° tring v6i mat phang duong nude

khong bi kich dong, truc 0°3° huéng thang dimg tir trén xudng dudi. Khi thu nim & vi tri can
bang, truc 0°3° di qua khéi tAm tau, truc 0°1° song song vdi truc doc ciia tau.

- He¢ toa do lién két gin véi tau R* = {O*1%2*3*}, gbc toa dd O dit tai khdi tim cua tau, mit
phang O*1*2* song song véi san tau. Truc O*1* hudng doc theo miii tau.

- Hé toa d0 lién két gan v6i than bg R* = {01'2'3"}, gdc toa do O* dit tai khdi tim cua than
b¢, truc O'3" trung v6i truc quay cla goc huéng va huéng xudng. Mat phang O*1'3" trung voi
mat doi xing cia than bé.

- Hé toa d9 lién két gan vé6i ray din hudng R? = {02122232}, gbc toa do O? dit tai khdi tam
ctia ray dan hudng, truc O%1? tring voi truc doc cla ray va huong vé trudc. Mit phang 021232
trung voi mat doi xtrng cuia ray.

Toa do suy rong va 56 bdc tw do cua co hé

Co hé ¢6 2 bac ty do gém:

- M6t béc tu do 13 chuyén dong quay quanh truc O3! cua than bé, 1a goc truc hudng qs;

- Mot béc ti do 1a chuyén dong quay quanh truc 0222 ctia ray dan hudng, 1a goc truc tam tam o;

Nhu vay, véc to toa do suy rong ctia hé sé 1a: g = [0102]".

Thiét ldp cac rang buoc dong hoc cua co hé

Theo tai liéu [4], cac ma tran cosin chi hudng duoc xac dinh nhu sau:

- Ma tran cosin chi huéng Ryo chuyén tir R* sang R°.

O day, sir dung 2 phép quay lién tiép dé dua R* thanh R® v6i thir tw quay nhur sau:
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+ Quay quanh tryc O*1* gdc 6, ta c6 ma tran cosin chi hudng la:
1 0 0
Rio=|0 cos@ —sing (1)
0 sin@ cosd

+ Quay quanh truc O*2* géc , ta c6 ma tran cosin chi hudng la:

cosy 0 siny
R,o=| O 1 0 (2)
—siny 0 cosy

Do d9, ta duogc:
cosy sinysin@ siny cosé
Ry =RyoRuo=| O cosé —-sind (3)
—siny  coswysing cosy cosé
- Ma tran cosin chi hudng Rix chuyén tir R* sang R,
Thuyc hién phép quay quanh truc O'3" mét goc qs ta c6 thé dwa hé R sang RY, do do, ta duoc
ma tran cosin chi huéng:
cosq, -sing, O
R, =|sing, cosg, O (4)
0 0 1
- Ma tran cosin chi huéng Rio chuyén tir R* sang RC s& la:
R0 =R oR1 ®)
- Ma tran cosin chi huéng Rz: chuyén tir R? sang R:
Thuc hién phép quay quanh truc 0?2% mot goc gz ta c6 thé dwa hé R? sang R, do do, ta dugc
ma tran cosin chi huéng:
cos(g, +,) 0 sin(g, + )
R,, = 0 1 0 (6)
-sin(g, + ;) 0 cos(a, + )

- Ma tran cosin chi hudng Rz chuyén tir R? sang RP s& la:

R,y = R;oR,, )

Nhu véy, dwa vao cac phép bién doi lién tiép tir (1) dén (7), tu thé cua cac vat 1 va vat 2 hoan
toan dugc xac dinh trong khong gian.

2.2. Phan tich dong hoc ngwerc vi tri

Pé xac dinh d}l’()’C cac quy luat cua g1 va gz vaoi yéu cau la goc ray din hudng (vét 2) ludn on
dinh 6 mot tu thé nao do trong khong gian, thuc chat la di glai bai toan dong hoc nguoc cua co
hé. bé ray dan hu’O’ng luén 6n dinh mét tu thé trong khong gian thi dleu kién can va dua 1a mot
véc to gan vé6i ray dan huéng ludn co phuo‘ng ¢b dinh trong hé toa d9 c¢d dinh.

Khong mét t1£1h tong quat, gia thiét rang véc to don vi cua truc 0212’ cua hé toa do R? (hé toa
d6 gan vdi ray dan huéng) ludn cé phuong song song véi mot véc to ¢ dinh nghiéng goéc oo S0
voi truc 0°1° trong mit phang 0°1°3° ctia hé toa do R° (hé toa do co dinh).

Véc to don vi cua truc 012 trong hé quy chiéu R? Ia:;
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e?=[1 0 0] ®)
Khi do, véc to nay trong hé toa do ¢b dinh s8 la:
u? =R,,e? 9)

Bién doi ta duoc:
cos(q, + ) sing, siny sin@ —siny cos@sin(q, + «,) +€os(q, + &) cos g, COSy
ul® = cos@sin g, cos(q, + a, ) +sin@sin(q, + o) (10)
cos(q, + a,)sin g, sin@cosy —cosy cosdsin(q, + a,) —cos(a, + ¢,) Cosq, Siny
Gia str i@ 1a mot véc to xac dinh trong hé toa do R, c¢6 d6 16n bang 1, nghiéng so véi truc
0%1° mot gbc ap nhu the hién & hinh 2, khi d6 véc to s& 1a:
i@ =[cosa, 0 —sing,] (11)
Diéu kién can va du dé tén lira luén dam bao mot goc c¢b dinh trong khong gian 1a véc to u£0)
phai cong tuyén véi véc to i@ do do, thiét 1ap dugc hé phuong trinh sau:
{u(o) (3) = —tan u¥ (1)

u”(2)=0 (12

i

Hinh 2. Biéu dién véc to i© trong hé toa dg RC.
Hé phuong trinh (12) 1 hé 2 phuong trinh dai s6 c6 2 bién 1a g1 Va 0, khi cho trudc cac gia
tri clia cac goc lic ngang @ va lic doc w ta hoan toan co thé xac dinh duoc cac gi tri ctia cac
goc cua truc hudng o1 va goc truc tim .

Dbi voi cac truong hop song khong l6n hon cip 3, cac goc lic ngang @ va goc lic doc w 16n
cd khoang 10°, do do, cac g1 va g2 clng nam trong gidi han nay, voi giai doan nghién clru so bo
c6 thé don gian trong tinh toan cé thé sir dung phép xap xi:

Sing,, 0 ,;€080 , 1,0, =~ 0;siny ~y,sind =~ 0,cosy ~1,cos6 ~1 (13)
Véi cach tiép can nay, giai hé (12) va duge két qua nhu sau:
0(w cosa, —sing, )

G = - 14
' (1/192 sinay, cosa, + 6° cos® +1)005a0 (14
0= w6’ cos’ a, — 0% cosay sina, — 6 — 15)
? w6’ sina, cosa, + 67 cos” a, +1
Vian tbc goc truc huéng va truc tim duge xac dinh theo cong thirc:
da,
A= (16)
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Cong thue (16) cho phép tinh toan duge van tdc goc & khau cubi va thong qua hop s co thé
xéc dinh duoc van toc quay dau truc dong co, 1am co sé dé Iya chon dong co phu hop.

3. KET QUA VA THAO LUAN
3.1. Thong sb dau vao
M6 hinh dong hoc ngugc cua bé phong dét trén tau duge xay dung ¢ muc 2.1 cé thé st dung
cho cac cac loai bé phong khac nhau. Truong hop ap dung ¢ muc nay la bé phong dat trén tau
CV-01 v6i goc phong (goc tam) lu6n giir on dinh la 50° va ludn hudng vé phia muc tiéu, day la
truong hop dién hinh de céc vat bay dat dugc tam ban 16n nhat khi phong. Tau hoat dong trong

diéu kién song bién cap 3 day la truong hgp duoc xac dinh phuc vu cho tinh toan thiét ké so bod
clia bé phong va véi cap do song nay co thé ap dung duoc cac cong thirc (13 15).

Bing 1. Céc thong s két cau va thuy déng hoc tau.

TT Tén thong sb KY hiéu | Gia tri | Pon vi
1 | Luong chiém nudc D 85000 T
2 | Trong luong riéng ctia nudc bién Y 10250 | N/m®
3 | Thé tich chiém nuéc v 82,93 m3
4 | Chiéu dai 16n nhit L max 12,16 m
5 | Chiéu dai dudong nudc thiét ké Lkw 10,9 m
6 | Chiéu rong tau B 3,13 m
7 | Chiéu cao tau H 1,5 m
8 | Mon nudce T 0,58 m
9 | Dién tich mit duong nudc Aw 28,9 m?
10 | Dién tich phan chim cua suon giita tdu Awm 0,9 m?
11 | Hé sb béo thé tich Cs 0,42
12 | Hé sb béo dudng nude Cw 0,85
16 | Chiéu cao trong tdm tau Zq 0,9 m

Theo tai liéu [6], cac thong s6 két cau va thiy dong cua tau duoc dua ra ¢ bang 1. M6 hinh
song bién cdp 3 co chiéu cao song trung binh 1,25 m; budc song trung binh 15,24 m; chu ky song
trung binh 4,25 s [5]. Dua vao cic mé hinh toan mo ta cac dao dong cua tau trén song bién da
duoc trinh bay & cac tai liéu [3, 6, 7], ta x&c dinh duogc cac chuyén dong lic cua tau CV-01 ndi
trén song cip 3 dugc dua ra ¢ bang 2.

3.2. Két qua tinh toan

Véi bo thong s6 dau vao da dugc xac dinh nhu ¢ 3.1, st dung phan mém Matlab R2012b,
hoan toan c6 thé tinh toan duoc cic quy luit ciia goc truc hudng va goc truc tim ciing nhu van
tde quay cua n6 dya vao mo hinh dong hoc da xay dung ¢ muc 1.

V6i thoi gian mé phong 14 20 s, cac goc truc hudng va truc tim cua bé phong thé hién ¢ hinh
3 cho thay rang dé 6n dinh duoc goc tam va goc hudng thi goc truc hudng phai dao dong voi
bién d¢ 16,4° v6i chu ky 3,1 s, trong khi d6, goc truc tim phai dao dong voi bién do 16n nhat 1a
8,1° v6i chu ky 3,1 s. Két qua nay cho thiy rang dé bé phong co thé én dinh dwoc trén song cép 3
goc truc hudng va goc truc tdm phai dugc thiét ké 16n hon cac gia tri nay. M6 phong ciing cho
thdy goc tim ludn 6n dinh trong thoi gian mé phong, didu nay ciing cho thdy tinh toan 14 tin cy.

Két qua thé hién & hinh 4 cho thiy rémg dé dam bao bé phong co thé 6n dinh duoc trén song
cap 3 thi van tdc goc truc hu0'ng lon nhét phai c6 gia tri tdi thiéu 16n hon 30, 6°/s va van toc goc
truc tam 16n nhét phal c6 gia trj t6i thidu 16n hon 19.4%s. Theo tai liéu [8], co cAu chip hanh cla
cac bé phong co thé dugc thiét ké dap ung véi goc truc hudng dén 90%s va goc truc tam dén
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60°/s, do vay, cac két qua nay cho thiy 1a hoan toan c6 thé thiét ké duoc bo didu khién cua bé
phong va no ciing la co so cho cac thiét ké so bg phan co khi cia bé phong.

Bing 2. Bang cdc thong s6 dao dong ciia tau trén séng cdp 3.
Lic ngang |Lic doc |Lac ding
Chu ky lac trung binh 3,1s 3,1s 2,25s
Bién d6 lac 16n nhat 12,3° 9,3° 0,56m

20 T T T 558

——— q1- goc truc huong,[do]
N—qz- guctructam [do]
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Hinh 3. Quy ludt ciia géc truc huedng, géc truc tam va goc tam.

40 . . " - . : - .
: : - Omegal- Van toc goc truc huong,[do]
OmegaZ2 - Van toc goc truc tam,[do]

Omegal, Omega2

Thoi gian,[s]

Hinh 4. Vén toc goc truc huong va truc tam.
4. KET LUAN

Bai bao di xay dung dugc co so Iy thuyét mé hinh dong hoc ngugc cta bé phong 6 on dinh goc
tam va goc huéng trén tau bién. Sir dung mé hinh nay cho mét bd phong 6 6n dinh goc tam 50° va
goc huéng ludn 6n dinh, duoc bd tri trén tau trong didu kién song cdp 3 cho thdy ring goc truc
huéng phai dao dong véi bién do 16,4° véi chu ky 3,1 s, trong khi d6 goc truc tim phai dao dong
v6i bién d6 16n nhat 1a 8,1° v6i chu ky 3,1 s; van tdc goc truc hudng 16n nhat phai c6 gia tri toi
thiéu 16n hon 30,6%s va vén toc goc truc tdm 16n nhét phai c6 gia tri toi thiéu 16n hon 19,4%s.
Céc két qua nay cho thay tinh kha thi ciia viéc bd tri bé phong trén tau ¢ song khong qua cép 3,
1am co s& cho viée thiét ké bo didu khién ciing nhu thiét ké co khi cho bé nay.
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ABSTRACT
Inverse kinematic analysis of the shipborne launcher

In this paper, the reverse kinematic model of the shipborne launcher with the stabilized
elevation and azimuth angle is investigated. These results are motion laws of the elevation
and azimuth shaft angle determined. These rules are the basis for the design of the
controller and the mechanical design of this type of launcher.

Keywords: Roll angle; Pitch angle; Heave translation; Elevation shaft angle; Azimuth shaft angle.
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