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TOM TAT

Bai bao gidi thiéu két qua khao sat phuong trinh vi phan dong luc hoc 6n dinh hudng chuyén dong khi xudng

vira chay vira phun nuée chita chay rimg, tir 46 xac dinh cac yéu t6 anh huong dén 6n dinh huéng chuyén dong

cua xuéng. Twr qué trinh hoat dong thuc té cua xuéng, chung t6i tién hanh xay dung mo hinh dong lyc hoc, thiét
1ap hé phuong trinh vi phan 6n dinh huéng chuyén dong. Str dung phin mém Matlab - Simulink dé mé phong

va khao sat cac yéu td anh huong dén 6n dinh huéng chuyén dong cua xudng.

Tir kh6a: M6 hinh ddng lwe hoc, 6n dinh huéng chuyén dong, rirng tram, xudng chira chay rirng.

I. DAT VAN PE

O Viét Nam hang nim van xay ra hang chuc
vu chay rimg tram, dd lam mAit hang trim ha
rimg tram, thiét hai vé kinh t& hang trim ty
ddng, anh huong x4u dén moi trudng sinh thai.
Hién nay thiét bi chita chdy rimg tram con han
ché, chu yéu 1a ding may bom nuéc ¢ dinh
nén hiéu qua chita chay ring rat thap.

Phuong phap chita chdy rung hi¢u qua
nhat hién nay la sit dung xudng chita chay
chuyén dung dé nhanh chong tiép can dam
chay va phun nudc dap lua, tu d6 viéc co lap
va khong ché ¢dam chay duoc nhanh chong va
hiéu qua hon.

Pé tai trong diém cdp nha nuéc "Nghién
ctru cong nghé va thiét ké ché tao cac thiét bi
chuyén dung chita chay ring", da thiét ké ché
tao ra xudng chira chay rimg tram, trén xudng
c6 dat may bom nudc chuyén dung chita chay.
Két qua thyc nghiém cho thiy ning sudt va
hiéu qua chira chay cao hon céc thiét bi hién
c6. Tuy nhién xudng chita chay rimg tram con
mot s6 ton tai d6 1a: dé bi mét 6n dinh hudng khi
vira chuyén dong vira phun nudc chira chdy rimg.

DPé tim ra thong sb k¥ thuat va ché d6 st
dung dé xudng giit dugc hudng chuyén dong
khi vira chuyén dong vira phun nuéc chita chay
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rimg, dong thoi khic phuc tn tai néu trén can
tién hanh khao sat tim ra quy luat anh huong
clia cac yéu t dén dong luc hoc 6n dinh huéng
ctia xudng. Tir két qua khao sat thu duoc 1a co
s& khoa hoc dé dua ra cac giai phap k§y thuat dé
hoan thién xudng chita chay rimg tram.
1. POI TUQONG, PHUONG PHAPNGHIEN CUU
2.1. Poi twgng va thiét bi nghién ciru

Déi tugng nguyén ctru 1a xudng chira chay
rung tram do dé tai nghién ctru khoa hoc cip
nha nuéec ma sé KC07.13/06-10 thiét ké ché
tao va hién dang dugc sir dung tai Vuon Quéc
gia U Minh Thuong, tinh Kién Giang.
2.2. Phuong phap nghién ctru

Phuong phap nghién ctu dugc st dung la
ap dung 1y thuyét co hoc hé nhiéu vat, 1y
thuyét tau thuy dé thiét 1ap mo hinh dong luc
hoc va hé phuong trinh vi phan dong luc hoc
6n dinh hudng chuyén dong. St dung phan
mém Matlab Simulink dé mé phong va khao
sat cac yéu to anh huong dén on dinh hudng
chuyén dong cua xudng, dé tir do rut ra két
ludn can thiét.
III. KET QUA NGHIEN CUU, THAO LUAN
3.1. Mé hinh dong lwc hoc 6n dinh hwéng
chuyén dong cia xudng chira chiy rirng
tram
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a) M6 hinh dong luc hoc on dinh hwéng
chuyén djng ciia xuong

Tir cdu tao va nguyén 1y hoat dong thuc té
ctia xudng chita chay rimg tram, chung toi tién

hanh xay dung mo hinh dong luc hoc 6n dinh
huéng chuyén dong ctia xudng trén kénh thang
khi vira chuyén dong vira phun nuéc chita chay

rung nhu hinh 1.

Hinh 1. So d lwe tac dung 1én xudng trong miit phing ding doc XOY
khi xuﬁng vira di chuyén vira phun nuéc chira chay

Qo

Zo

Hinh 2. So' d6 lye tac dung I1én xudng trong mit phing nim ngang XOZ
khi xudng vira di chuyén vira phun nwéc chira chay

Céc ky hi¢u trén hinh 1 va 2:

0, = G - trong tim cua xudng chita chay
rung tram;

0, - tam cua hé truc chan vit;

A - diém dit lyc can chuyén dong tong hop
ctia xudng;

C -tam cua chan vit;

E., - luc can chuyén dong tong hop theo
phuong 0, X1;

F.y- luc can chuyén dong tong hop theo
phuong 0,Y7;

F.. - luc day (phan luc) cua chan vit theo
phuong 0, X1;

Fopy - luc day (phan luc) cia chan vit theo

phuong 0,Y7;

E,, - luc voi phun nudc chita chay rung
tram;

Eyy, By - luc voi phun nudc chita chay ring
tram theo phwong OX va OZ;

By, Bz - goc léch gitra hudng voi phun nude
chira chay so véi truc doc (0, X,) va truc ngang
(0,Z,) cua than xudng.

3.2. Hé phwong trinh vi phian 6n dinh
chuyén dong ciia xudng chira chay rirng
tram

Trong trudng hop téng quat ta gia thiét voi
phun c6 phuong tuy y trong khong gian, lap
vé6i cac truc toa do cua xudng cac goc 13 By, B,
- nhu hinh 1 va hinh 2.

Cac thanh ph?m cua luc va theo cac truc:
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E,x = F,, sin B, sin 3,
E,, = F,, cos (1) (2)
E,, = E,, sin B, cos 8,

Theo so d6 hinh 1 va hinh 2 thi xudng 1a
mot hé c6 hai vat ran chuyén dong trong khong
gian, nén sb thong sb6 xac dinh vi tri trong hé
¢d dinh 00X(YoZo 13 2 x 6 = 12, trong d6 co
cac phuong trinh lién két:

X, = X1 — ay cos(@, + ay).cos 0,

Y2 = Y1 — ao sin(g; + ao) 3)
z, = z; + az cos(p; + @) sin 6

Trong do:

ao - 1a khoang cach 0,0;.

a,- 1a goc hop boi truc 0.X; véi duong
thang 0,C;

as - 1a khoang cach O,D;

0,- 1a goc léch huéng chuyén dong cua
xudng so véi phuwong 0,X; ban dau khi xudng
phun nudc chira chay.

Khi xudng quay di mot goc 6; quanh truc
0,Y;thi truc 0,X; cling quay di mot géc 6,
twong tmg nén dich chuyén véi hé ¢b dinh sé& 1a
X = xq.c0s 64 (hinh 1).

M01 = Xc.yc _XA-)’A + YA.xA - Yc.xc + YD.xD _XD-}’D

M, = Mgc. i = Ngcn/ @2

Vi truc chan vit gén chat véi than xuéng nén
gbc quay quanh céc truc OX, OY va OZ cua
n6 cling bang goc quay cia than xudng:

P2 =910, =015, =, .

Vay h¢ c6 6 toa do suy rong (do c6 hai lién
két) nén ta chon céc toa do suy rong:

q(x1, Y1, 21, 1,61, Y1)

Trong do: x4, Y4, Z1- 1a céc toa do trong tam
clia xudng;

©1, 01, Y1 - lan luot 14 goc quay than xudng
quanh truc OZ, OY va OX.

Céc ngoai lyc tac dung khong co thé khi
xudng chuyén dong trén mit nude trong truong
hop nay la cac luc can X4, Ya, Xc, Y, Xp, Yp
va Mg ,» Mc 1a cic m6 men cua cac lyc thu
gon vé tim O; va tdm cua truc chan vit, ¢6 gia
tri c6 thé duoc xéac dinh br:ing thuc nghi¢m.

Trong d6: A(xa, ya), C(Xc, yc) va D(xp, yp)
1a toa do cac diém trong h¢ dong gén voi khoi
tam ctia xudng (O;X,Y,) nhu hinh 1 va hinh 2.
Céc lyc nay thu gon vé khoi tAm than xudng va
tam truc chan vit s€ duoc cac luc br:ing ching
va cac mo men:

Xp = Fpx = Eypsin By, sin B, ! @)

Yp = B,y = F,p cos B,

Zp = E,; = Eyp sin By, cos B,

Trong do6:

Mg, — mO men truyén tor dong co dén truc
chan vit;

i —ti s6 truyén cua hop giam téc.

Xq = Ay.C0S Oy, Va = az.Sin a,,

Xc = a4.C0S Aq; Ve =aq.sinaq ¢ (5)

Xp = Qa3.COS U'3; Yp = a3.Sinaj

- Xéc dinh cac thanh phan cua lyc suy rong
khéng co thé:

Biéu thirc cong nguyén tb trong di chuyén
kha di cua hé:

0A =Y6yy — Xg6xy + Xcb6xc — Yo 6y — Xpbxp + Yp0yp + My, 61 + MG,  (6)

- M6 men Mg, duoc xac dinh:

Mo, = Xcaqsinay —Y.aq cosaq; — X a, sina, + Yya, cos a,

—Xpas sinas + Ypas cos a; (7)
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Thay cac gia tri trén vao (6), dugc:
0A = (X¢ — Xy — Fyp sin By, sin ,)6x; + (Y4 — Y¢ + E,p, cos By)8y; +
+[X4a,(1 = sina,) + Xca;(sina, — 1) — Yea, cosa; — Y3a,(1 + cos ay)
—azFy,y, sin By, sin 8, cos az + azF,y, cos By, cos az]d¢,
+M,.5¢, + Yeay — a3F,, cos B, (8)
Tur (8), nhan dugc cac lyc suy rong twong ung:
Q;l =Xe =Xy — Ezp sin ﬁy sin f,);
Qp, = [X4a2(1 = sina,) + Xcay (sina, — 1) — Yeay cos g — Yya,(1 + cos ay) —azhFy, sin f,, sin f, cos as +

)

azEyy cos B, cos a;] r
Q;l =Y -Y+ Ezp cos ﬂy)?
Q:;’z =M, = Ncn/¢,

Theo nguyén 1y cong tac dung thi khi c6 luc  nudc vao dam chay s€ co6 hai phuong trinh

can (phan lyc) tac dung vao voi phun trong  chuyén dong theo cac phuong ngang OZ va
truong hop xudng vira chuyén dong vira phun  quay quanh truc thang ding OY:

(mqy + my)z, =Zp — Fy = va Sin,gy cosf, — F, (10)
Ilyél = Mcx = Zp.xp — My, = a3k, sin B, cos B, cosaz — M, (11)
Trong do: Mgy - 1d mo men can quay than xudng
Fcz - 1a lyc can cua nudc tdc dung vao  quanh truc Oy.
than xudng theo phuong ngang; Khi xudng quay quanh truc Oy, do ap luc
I, - md men quan tinh cua xudng; ciia nudc tac dung 1én man xudng phan bd
I, - md men quén tinh truc chan vit va co  khong déu, thuong c6 dang hinh tam giac nhu
ciu dan dong cta no; trén hinh 3b, nén gay ra moé men can quay M.
O |
e Vi X R
i i ; Oll__l_.,_
E - :
Eoe |
=L : et
7 A
a) b)

Hinh 3. So' @6 dong hoc va xac dinh lyc can khi xudng quay quanh truc Oy

Lyc va mdé men can nay co gid tri phu thudc  van téc goc quay 6;.
chiéu dai doan tiép nudc hai bén man xudng va

Fog = Fogs — Feqe = k.Scqs-a3.02 — k.Sqr. 2. 02 = Ryy. 07 (12)
Mey = Fogs. as + Fogr. ar = k.Segs. a2. 07 + k. Scqr. a3. 07 = Ryy. 07 (13)
Véi  Rpp = (k.Ss.a? — k.Sp.a?)va Ryey = (k.Ss.ai + k.Sr.a}) (14)
Trong do6:
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Req » Rycy - h€ s6 can quay cua nudc ddi
v6i xudng;

Scqr - dién tich phan thanh xudng tiép xic
v&i nudc gdy can ¢ phia trudc;

Seqs - dién tich phan thanh xudng tiép xiic
véi nudc gdy can ¢ phia sau;

ar - khoang cach tir tam tiét dién Sy dén
trong tim than xudng;

as - khoang cach tur tam tiét dién Scgs dén
trong tim than xudng;

F,qs- luc can quay xubng do nudc giy ra

phia bén man sau xudng;

Feqe - luc can quay xudng do nudc giy ra
phia bén man trude xudng.

Thé vao phuong trinh Lagrange II cac
phuong trinh trén thu duoc hé gdm sau phuong
trinh vi phan biéu dién chuyén dong ciia xudng
khi vira di chuyén vira phun nuéc chira chay
thé hién & hé phwong trinh (15). Khi xudng
vira di chuyén cham vira phun nuéc chira chay
c6 6 phuong trinh.

(my + my)x; + ag.m, sin( @, + ay) @, + agm, cos( @, + ao)q')f =X; — Xy — F,psinpy, sinp,

(my + my)y; — agmy cos( @1 + ag) Py + agm, sin( @1 + ag)Pi =Yy — Yo + F,p cos By

— (my +my)g

(Iix + a§my) 1 + agmy sin (@1 + ap)¥; — agmy cos(@q + ay) J1 + 2agm; cos(p; +

o) X191 + 2agm, sin( @4 + ag) 191 = Xya,(1 — sina,) + Xca,(sina, — 1) — Yea, cosa; —

(15)

Y,a,(1 + cos ay) — azFy,p sin By, sin 8, cos az + azF,y, cos By, cosaz + 2aom, g sin( @, + a,)

I,p; = Ngc/ @2

(my + my)Z; = F,, sin By, cos B, — F,

5o - _ 3 42 3 42
114,01 = a4.Fyp. cosas.sinfy,.cos B, — Fegs. as + Fegr-ar = K. S¢qs.a5.07 + k. Scqr-a7. 01

Nhan xét: Hé phuong trinh vi phan khi
xudng vira chuyén dong thing vira phun nudc
chita chay 13 hé phuong trinh vi phan phi tuyén
khong thuan nhat c6 cac hé sb chi phu thude
vao thong sb két cdu cua hé 13 cac khdi luong
(my, my), cac kich thudc hinh hoc (aj, X;) va mo
men quan tinh (I;), géc a; (goc léch gilta
duong tam truc chan vit véi trong tdm cua
xudng so v6i phuong OX trong mat phing
dang doc), goc 1éch S, gitra voi phun nudc
chita chdy so véi phuwong chuyén dong OX
trong mat phé“ing nam ngang.

Vvé phai phu thudc vao cac luc: cac luc can
cua nudc gay ra, luc déy cua chan vit, luc voi

phun nudc chita chdy va cong sudt dong co
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(Xa, Ya, Xc, Yo, Xp, Yb , Fyp va Nge).

Dé danh gia kha ning 6n dinh hudng
chuyén dong ctia xudng khi vira di chuyén vira
phun nuéc chita chdy, cn phai tién hanh khao
sat hé phuong trinh vi phén trén theo cac diéu
kién khac nhau vé két cdu cua xudng va luc tac
dung cua voi phun, goc dat voi phun, van tde
clia xudng.

3.3. Khao sat cac yéu t6 anh hwéng dén 6n
dinh huéng chuyén dong ciia xudng
3.3.1. So do mé phéng hé phurong trinh vi phin

Tt cac hé phuong trinh vi phan (1), da lap

dugc, 1ap so dd md phong hé phwong trinh vi

phan 6n dinh huéng chuyén dong trén hinh 4.
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Hinh 4. So' 6 mé phéng khio sat 6n dinh hwéng chuyén dong ciia xudng chira chay

3.3.2. Két qua khdo sdt mét sé yéu to6 danh
hwéng dén on dinh huéng chuyén djng ciia
xuong

St dung phan mém Matlab — Simulink dé mé
phong va khao sat anh hudng cua luc can, goc
dat truc chan vit va goc nang than xuéng dén van
tdc chuyén dong ciia xudng theo so dd mé phong
trén hinh 4. Cac théng s6 dau vao cia md hinh
duoc ldy theo két qua nghién ctru thuc nghiém va
theo thong sb k¥ thuét cia xudng.

a) Anh huéng cia goc dat voi phun nide

chita chay dén on dinh hudng chuyén dong

Bai toan khéao sat duoc tién hanh nhu sau:
thay d6i goc dat voi phun nude chita chdy theo
phuong chuyén dong cua xudng By, goc dit voi
phun theo phuong thing dimg By = 45 do, van
tde Xuéng ¢ dinh tai v =5 km/h, khoang cach
dat voi phun cach toa do trong tam xuéng mot
khoang a; = 1,5 m vé phia truc lai, théng sb
dau ra 1a goc léch huéng chuyén dong cia
xudng. Két qua khao sat duoc thé hién trén
hinh 5.
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Goc phun nuoc chua chay (Do)
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Hinh 5. Khdo sat dnh huéng ciia goc d:it voi phun nuwée chira chay

dén 6n dinh hwéng chuyén dong
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Nhan xét: Goc dat voi phun nudce chita chay
By cang 16n thi goc léch hudng chuyén dong
ctia xudng cang 16n. Dé dam bao hiéu qua chira
chay khi xudng hoat dong trén kénh c6 bé rong
tir 3 m dén 5 m va khong bi ddm vao bd & van
tdc v < 5 km/h, xudng can phai 6n dinh hudng
chuyén dong vé6i goc 0 < 20 do thi goc dat voi
phun B, <45 do.

b) Anh hwéng cia vi tri dat voi phun nwée
chita chdy dén on dinh hudng chuyén dong khi

50

xuong phun nwée chiva chdy

Bai toan khéao sat duoc tién hanh nhu sau:
thay d6i khoang cach vi tri dat voi phun nuéc
chita chay so voi toa do trong tim xudng trén
truc doc vé phia banh lai, van tde xuéng cd
dinh tai v = 5 km/h, goc phun nudc chira chay
theo phuong chuyén dong OX 1a By = 45 do,
thong sb dau ra 1a goc 1éch huéng chuyén dong
theo phuong OX cua xudng. Két qua khao sat
duoc thé hién trén hinh 6.

45 N
40 AN

35

30
25

20

Goc lech huong (Do)

15

10
5

0 02 04 06

0.8 1 12 14 16

Vi tri dat voi phun (m)

Hinh 6. Khdo sat anh hwéng cia vi tri dat voi phun nwéc chira chay
dén 6n dinh hwéng chuyén dong

Nhan xét: Vi tri dat voi phun nudc chira
chay cang gan truc lai, khi phun nuéc chira
chay xudng cang 6n dinh hudng chuyén dong.
Cian clr vao diéu kién két cdu cua xuéng, Vi tri
thich hop dat voi phun nudc chita chdy cach
trong tdm xudng 1,5 m vé phia truc lai (cach
truc 1ai 0,58 m).

¢) Anh huonmg ciia vin toc chuyén dong ciia

30

xuong dén on dinh hwéng chuyén déng khi
xuong phun nwée chiva chdy

Bai toan khéao sat duoc tién hanh nhu sau:
thay d6i van toc ctia xudng, goc dat voi phun
¢ dinh Bx = 45 d9, khoang cach a3 = 1,5 m,
dau ra 1a goc léch huéng chuyén dong cia
xudng. Két qua khao sat duoc thé hién trén
hinh 7.
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10

Hinh 7. Khéo sat anh hwéng ciia van toc xudng
dén 6n dinh hwéng chuyén dong

Nhan xét: Van toc cuia xudng cang 1on thi
goc léch hudng chuyén dong cua xudng cang
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nhd. Can ctr vao yéu cau chita chay van toc cua

A 5km LA £ \ X . 2
xuong v < —, v VOl van toc nay xudng co thé
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6n dinh hudéng véi su can thiép cta goc lai.
IV.KET LUAN

T ciu tao va didu kién hoat dong cua
xudng chita chy rung tram, dd xay dung mo
hinh dong luc hoc on dinh huong chuyén dong
ctia xudng, tir 46 da thiét 1ap dugc hé phuong
trinh vi phan dong luc hoc on dinh huong
chuyén dong cua xudng (phuong trinh 15). B3
str dung phan mém Matlab — Simulink dé khao
sat cac yéu to anh huong dén goc 6n dinh
huéng chuyén dong khi vira chuyén dong vira
phun nuéc chita chay rimg. Két qua khao sat
da xac dinh dugc qui ludt anh hudng cua céac
yéu t6 dén ham muc tiéu khao sat (tir hinh 5
dén hinh 7), nhimg két qua nghién ctru nay la
co sO khoa hoc cho viéc hoan thién xuéng chira

chay rung tram.
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SUMMARY

This paper presents the survey results of the dynamics equations of motion direction stability to determine the

factors that affect motion direction stability of the special boat for fire fighting in wetland forest when it moves

and sprinkle for fire fighting at the same time. From the actual operation condition of the boat, we establish

modelling dynamics and the motion direction stability dynamics equations. We use Matlab - Simulink software

to simulate and to survey the factors that affect motion direction stability of this boat.
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