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TOM TAT

Xuodng chita chay rimg (CCR) dang khao nghiém tai khu vic dong bang song Ciru Long, khi di chuyén trén cac
kénh rach, thuong thi phai quay vong voi goc ngodt nho nén hay gip hién tuong xudng khong vao ding quy
dao mong mudn hodc ¢6 goc nghiéng ngang qua lon lam nudc tran vao va xuéng bi l¢éch. Bai bao nay gidi
thiéu phuong phap 1ap mo hinh dong luc hoc ciia xudng khi quay vong va dé xuat phuong phép giai hé phuong
trinh vi phén (PTVP) dé xac dinh ché d¢ lam viéc hop 1y va an toan cho xuong trong qua trinh di chuyen vao
kénh rach Cac phuong trinh 1ap ra dugc viét dudi dang ma trén, trong d6 c6 cac phan tir la nhu'ng thong s6 vé
két cdu cua xuong va cdc dai lugng dong hoc, v1ec khdo sat cac dac trung dong hoc cua xudng khi quay vong
hoan toan c6 thé thuc hién theo phuong phéap s nhd cac phan mém c6 san trong k¥ thuat co khi nhu: Matlab,

MatlabSmulink.

Tw khoa: Banh ldi, chdn vit, ma trdn, phwong trinh Lagrange, toa dj suy rong, xuéng CCR.

I. PAT VAN DE

Xudng CCR 1a loai cand nhd, nhung c6 vin
tbc chuyén dong cao. Khi di chuyén vao cac
kénh rach n6 thuong hay bi va vao bo hoac goc
nghiéng ngang lon, lam nudc tran vao va
xuéng bi lat. Qua khao nghi€m tai khu vuc
d6ng bang Soéng Ciru Long (hinh 1) cho thiy
can phai xac dinh ché d6 lam viéc hop ly va
tim giai phap cai tién két cdu dé xudng lam
viéc dugc an toan.

Dé thyc hién ndi dung nay thi viéc xay dung
mé hinh dong luc hoc cua xudng khi quay
vong 1a can thiét va quan trong nhét. Viéc lap
PTVP ctia xudng c6 thé theo phuong phap cua
co hoc k¥ thuat, co hoc giai tich, trong bai bao
nay ap dung ly thuyét dong luc hoc cia hé
nhiéu vat vi né duoc biéu dién qua cac phuong
phap tinh ma tran rat thuan tién sur dung cac
phan mém tinh toan trong k¥ thuat co khi nhur
Matlab, MatlabSmulink.

Hinh 1. Xuf;ng CCR chuyén dén_g quay vong
II. PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciru

Xudng CCR dang thuc nghiém tai vuon quoc
gia Tram chim Tam Néng - Bong Thap.
2.2. N§i dung

Lap phuong trinh vi phan chuyén dong cua
xudng chita chdy rimg ngp nudc theo ly
thuyét co hoc hé nhiéu vat.

Dé xudt phuong phap giai hé PTVP dé xac
dinh ché d6 quay vong hop 1y.
2.2. Phuong phap nghién ciru

- Phuong phap nghién ctu 1y thuyét: Thiét
lap phuong trinh vi phan theo m6 hinh co hoc
hé nhiéu vét va toan hoc.

III. KET QUA VA THAO LUAN
3.1. M hinh chuyén dong quay vong ciia xudng
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Mo hinh co hoc: Cac dich chuyén cua
xudng CCR trong mit phing nim ngang dugc
biéu dién trén so d6 nhu hinh 2.

Trong d6, khi xudng chuyén dong quay
vong thi banh lai xoay di mgt goc 039 so vdi vi
tri ban dau. Do 4p lyc cua nudc tic dung
vudng goc voi bé mit banh l4i, nén sé tao ra
momen lam quay than xudng quanh céc truc
0,Y,, 0:X; va dich chuyén theo phuong OZ;.
Cac ché do chuyén dong nay ciing sé thay do6i
tuy thudc vao gia tri 03 khac nhau. Trong
trang thai nay xét hé véi 3 vat ran chuyén dong
1a than xudng (O1), canh quat (O,), va banh lai
(O3) trong d6 banh 1ai dugc ¢ dinh & mot vi tri

véi goc 1éch 030= const.
Cac ky hi¢u trén hinh 2 & 3 :

00XoYo - hé truc ¢b dinh; O;X,Y; - hé truc
dong, gan v6i khdi tAm than xudng Oy; Oy , Oz
, Os- toa d0 khdi tAm than xuéng, truc canh
quat va banh 1ai;

030 — goc xoay tuong ddi cua tryc banh i,
goc gilta mat banh lai véi O,X;

0,— gbc xoay cua thdn xudng quanh truc
théng dung O,Y7;

¥, - goc xoay cua than xudng quanh truc
doc 01X ;

Lo, hy , L3, hs — khoang cach theo phuong
ngang va thang ding tir O; dén O, va Os :

Hinh 2. Mé hinh dich chuyén cua xué‘ng CCR trong métphifng nam ngang

Y1 . Y1
X1
—_—
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{--@ _X:""—,____::::::::::::::::: __________
._]é - """"l:"\‘-‘-'-‘ ____ Ly w=cwa{-mrmimmm e >
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RS | R !

Hinh 3. So' d6 xdc dinh lyc tdac dung lén xué‘ng CCR trong mdt phifng thifng dirng doc
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Goi luc dit vao tim 1ai 1a /', c6 cuongdola  Va =X,,8In6;, ( X;, - van téc theo phuong
_ 2 doc truc 0;X)).
F=kSyv, . 0C Iy )# o o
Thu gon lyc F vé tdm Oy, ta s€ dudc cac
thanh phﬁn luc Fx, Fz va m6 men My, My nhu
trén hinh 3. Trong d6:

Trong d6: k- hé s6 phu thudc loai chat long
(nudc) tai noi xudng di chuyén;
S,- dién tich bé mat tim banh lai;
vy~ van tdc truc dién cua nudc trén mit tim 1ai:

F, =Fsn6, = kSnvj sin,, M, =Fh=h ]"Snv,f cost,,

Fy =F o6y, =kS,y,.cos0y —>4 My, =F, L+ F, Bcos 6y, =kS,y; cosb, (L, +Bsinb,) (1)
£, =0 M, =Fh=h kS v, sin6,

Véi B — chiéu rong ctiia tam chan banh lai

1
X1 i

1

1

1

&
€mm e

A

Hinh 4. a) so dé xic dinh cdc thong Y dong hoc
b) so dé xdc dinh lywc cin khi xuong quay vong

Khi xudng quay vong do 4p lyc cia nu6c  momen can nay co gia tri phu thudc chiéu dai
lén man (thanh) xudng phan bd khong déu )
(thuong c6 dang hinh tam giac), nhu trén hinh
4 b), nén gay ra mémen can quay Myy. Luc va

F=Fs—F; = kSsa§912 _kSTalz'élz :Rthlz
RhF = (kSSa§ +kSTa]2') 9 (2)
M,y =Fas+Fga; = /cssa;élz +kSTa]3'912 = (kSsag +kSTa;)~912 = RbMyglz

doan ti€p nudc va van toc goc quay 91

Trong do: dat Rer = (kSga; + kS a;), R, = (kSsa;+kS a;), 3)

va goi la h¢ so can quay cua nudc doi voi xudng.

Ss, St , as, ar — la dién tich phin thanh  s& dugc xac dinh thong qua nghién ciu thuc
xudng tiép xtc véi nude o phia trudce, phia sau  nghiém tai hién truong .
va khoAang cAach tku tam’cacA tlft d1¢n‘do to1 Luc can bén Fy c6 2 thanh phdn theo cac
trong tam than xuong. Cac h¢ so Rcr va Remy truc OX va OZ 1a:

F,, =F,sin6, =R, & sinb,,; F,,=F,cost, =R, .0 .cos; @
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Tuong ty khi xudng quay quanh truc doc
(nghiéng ngang) cling s€ c6 mo men can Mcx
v6i hé s6 can nghiéng Remx

M, = Rbellilz
(%)
3.2. Lap md hinh toin hoc chuyén déng
quay vong ciia xudng CCR

Goi cac khdi lwong cua than xudng va truc
canh quat la m; va m;, mémen quan tinh khéi
luong ciia chung ddi véi cac truc 1a Tix va Ly .
Trong mit phang nam ngang hé c6 8§ thong sd
dinh vi 13 cac dich chuyén dai (x;, z ) va cac

dich chuyén goc (W; ,8; ) - quay quanh cic truc
OXva QY, (i=1,2).

Trong d6 theo hinh 3 va 4 ta ¢6 céc lién két sau:
02,=01; X2 = X1 - L2.cos0O1; (6)
Y,=W¥; ; z2 =21 -hsinWi- L2.sin01 .

Vay hé€ c6 4 bac tu do, ta chon cac toa do
suy rong du cho hé nay 1a :

q(x1, 21, ¥1,01,) (7)

Vécto toa do khdi tim khau 1 (gdm than xudng
va cac thiét bi gan cliing trén d6), toa do khoi tam
khau 3 (gém tryc banh lai va tam phang):

X, X, x, —L,.cosb,
rn=10 . n=[01]=] 0 (8)
z, Z, z, —h,.siny, — L,.sinf,
Ttr (8) ta tinh dugc cac ma tran Jacobi tinh tién
1 000 1 0 L,.sin6,
Jn=[000 0]; J,=00 0 0 (9)
0100 0 1 —h,.cosy, —L,.cosf,
Vécto van toe goc cac khau
0, x v, Y+ 9,008y,
o =|o, =6, |; 0, =6 +¢,sina, (10)
@, 0 0

O day @, va o 12 van toc goc quay clia truc canh quat va goc hop giita 0,0, v6i O; X, .

Cac ma tran Jacobi quay

5 001 0 5 001 0
Jr=22_000 11 ,n=22-000 1

oq oq

000 O 000 O (11)
Céc ma trdin momen quéan tinh khdi luong

0 0 [, O 0 0 L, O
I.,=|0 0 0 [,|,I,=|0 0 0 I,

0 00 O 0 0 O (12)

Tinh ma tran khoi luong:

T T T T

M =JpmJpy +Jpy iy Ty +J gy dy Ty + T oy s - (13)
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Thay cac biéu thire (8)+ (11) vao (3) ta ¢6:

[(m+m) 0 0 m, L, sin6)
vl © (my+my)  —myh, cosy, —m,L, co
0 —myh, cosy, mL,cos v, +1 +1,, mhL,cost) cosy,
| mL,sin@) —m,L, cost) m,h, L, cosf cosy, m L +1y +1,y (14
1, )
DPong ning cua hé : TZEQTM-Q (15)
Xy
. Zl . T . . . N
Thayqz . > q :[xl’ZI’WI’gl:'
Vi
0,
Thay M vao biéu thirc (15) ta co:
[ (m, + my)3E + (2m,L, sin 6,)%,6, + |
R my)z2 — (2myh, cosy, )2y, — (2m,L, cos 0,)z,0 +,
—— . 16
2| +(myLicos’y, + 1, + 1, )y + (2m,h,L, cos 6, cosy )y 0, + (16)
_+(m2L§ + 1y + [2Y)912- i

* Thé nang cia hé

Thé ning cua lyc trong trudng ldy véi goc
1a vi tri c4n bang nim ngang, ta co:

mm@=mg.y, +mg.y, =0 (17)
Luc suy rong khong c6 thé

Cac ngoai lyc tac dung khi Xuéng chuyén
0A=(X,.—-F,, —F,).0x, + (F,
Cac di chuyén kha di :

ox,, oz,, oy,, oy,, 60, doc lap, ta nhan dugc:

Q;(l =Xo—Fy—Fy

Q% =F,—F,; (18)
Q;/IZMX ~M,y;

Q;l =M, -M,, .

Trong 6 Xc=Xq—Xa - 1a tong cac luc day

dong quay vong trén mat nude la lyc can cua
nuée dat tai thm mién tiép XUc cua nudc voi than
xuéng va lyc tai vi tri tdm banh 1ai O;. Ching
duoc xéc dinh theo cac biéu thirc (2)+ (4).

Dé xac dinh cac thanh phan cua luc suy
rong khong thé, ta tim biéu thirc cong nguyén
t6 trong di chuyén kha di cta hé:

-F,)0z,+(M, -M, )oy, +(M, -M,,).00,

cua chan vit (Xg) va lyc can cua nudc theo
phuong chuyén dong (X,), ching co gia tri
phu thudc téc d6 quay cua truc canh quat (9,)
va duoc xac dinh bang thuc nghiém.

Thé cac biéu thirc trén vao phuong trinh
Lagranger loai 2 ta dugc PTVP chuyén dong
cua xuong CCR trong mat phang nam ngang &
dang ma tran nhu sau:

Mg+D(q) =0 (19)
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Trong do:
(m, +m,) 0 0
Ve 0 (my+my)  —myh, cosy,
0 —mh,cosy, mLcos’y, +1,,

m,L,sin@,) —m,L, cosf, m,h,L, cosf, cosy,

m, L, sin,
—m,L, cos6,
m,h,L, cosf, cosy, ;
m L +1, +1,,

+1,y

. .2 ] "

X X X
g=| | @ =" | d=|.|va qT=[x1,zl,w1,91];

Vi v, v,

6, 62 6,

0 0 0 (m,L, cosf, + R, ,.sinf)) |
Do 0 0  (myh,cosy,) (m,L,sin6, + R, . cost)) |

|0 0 R, (m,h,L, sin6, cosy,) ’
0 0 —(mh,L, cosf, siny,) R, |

B 22 s 3
X, =X, —kS,x] sin" 0y
:2 o+ 2
kS x;,sin” 6,, cos0,,
£2 i 2
hy kS x;, sin” 0,, cosb,,

(L, + Bcosb,,).kS, X sin’ 0, costh, |

IV. KET LUAN

Mb hinh chuyén dong quay vong ciia xudng
CCR 1a hé c¢6 3 vat ran di chuyén trong mit
phang nim ngang dugc biéu dién trén hinh 2
v6i cac so d6 luc tac dung va quan hé dong hoc
nhu hinh 3 va hinh 4.

PTVP chuyén dong quay vong cta xudng
(19) 1a hé¢ PTVP phi tuyén, khong thuan nhét
cd cac hé sb phu thudc vao cac thong s6 két
cAu va céac dai luong dong Iyc hoc cia hé .

Dé c6 co so cai tién két cAu cho xudng hoic
xac dinh ché d6 quay vong hop 1y co thé khao
sat chuyén dong cua xudng tir két qua giai hé
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PTVP (19) theo phuong phap sé nhd cac phin
mém théng dung nhu Mathematical, Maple,
hoac Matlab-Simulink.
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DETERMINING THE EQUATION OF MOTION
FOR THE FIREFIGHTING CANOE WHEN TURNING AROUND
IN THE HORIZONTAL PLANE

Nguyen Thi Luc
SUMMARY

CCR Canoes are being tested in the delta area of Cuu Long. When the canoe turns left or right in the horizontal
plane with a large arc, it probably goes out the defined direction or horizontal angle is greater than the limit
value. This makes water flow into canoe. This paper presents how to create dynamic models of canoe
turnaround and to propose a differential equation solution. The research results allow up to determine a mode
rotation within a reasonable structure of the boat under safe conditions. Differential equations are created under
the matrix forms, whose elements are parameters of canoe construction and dynamic quantitives. Dynamic
charaters of canoe turnaround are investigated by numercial method of such mechanical engineering softwares
as: Matlab, MatlabSmulink.

Keywords: CCR Canoe, coordinates, differential equations, line displacement, Matrix, steering wheel,
propelling screw.
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