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TOM TAT

Bai bdo trinh bay gidi phap cdn bang tir dong cho thiét bi vét luc binh hoat déng trén cdc
kénh rach. Can bcing cho cdc thiét bi lam viéc trén mat nude la van dé can dwoc quan tam, nham
ddm bdo an toan trong qud trinh vdn hanh. Dya vdo khodng trong thuwc té trong khoang cua thiét bi
Vot luc binh, gidi phép sir dung cdc doi trong dwoc diéu khién theo hai phirong vuéng goc tao ra mé
men can bc%ng cho thiét bi. Bé diéu khién truot don gian dvwoc si dung dé diéu khién cdac doi trong.
Két qua mé phong bang Matlab chirng minh khd nang vmg dung ciia gidi phdap dé nghi.

Tw khoa: Can bﬁng tw dong; Diéu khién truot; Thiét bi vét luc binh.
ABSTRACT

This paper presents an automatic balancing solution for water hyacinth harvester machine
working on canals. Balance for machine floating on water is a matter of concern in design to ensure
safety during operation. Base on the actual empty spaces in machine, the controlled counterweights
are used for balancing the device during working. The basic sliding-mode control is used to control
the counterweights. The simulation results by Matlab shows the applicability of the proposed
solution.

Keywords: Automatic balancing; Sliding control; Water hyacinth harvester machine.

1. PAT VAN DE

Thiét bi v6t lyc binh dugc sir dung dé
thu gom va loai bo luc binh moc trén cac kénh,
rach, song hoac hd. Thiét bi c6 nhiéu kich thudce
khac nhau phuy thudc vao nhu cau, noi lam viéc
nhung déu c6 ciu tao co ban chung bao gom:
Cum vét, cum chira va cum xa tai.

Thong thuong luc binh phat trién thanh
mang lon ngan can dong chay va cac hoat dong
di lai cta thiét bi thuyén. Tuy theo diéu kién
thuc té, quy trinh vt luc binh dé khai thong
dong chay tao diéu kién luu thong duong thiy
bao gdm mot hodc hai bude chinh gom: 1) Pha
tang luc binh; 2) V6t luc binh. Cac budc con lai
sau khi vt s& tiy thudc vao yéu cau xir Iy hodc
st dung luc binh da vét.
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Mot s6 nghién clu trong nude dugce
thuc hién dé giai quyét vin dé luc binh: Nguyén
Quéc Hung [1], nghién ctru hoan thi¢én may cit
vét rong, co dai, luc binh c& nhod trén kénh,
muong cép thoat nudc khu vuc TP.HO Chi
Minh (2016); Bui Trung Thanh [2] nghién ctru
thiét ké, ché tao hé thong may, thiét bj cit rong,
co dai, v6t béo tay, rac thai ndi trong 1ong kénh,
muong, hd chira nude (2008); Hoang Tt Cudng
[3], nghién ctru ché tao thiét bi thu gom rac ndi
(2006); ... Tuy nhién, chua c6 thiét bi nao dé
cap dén vén dé tu dong can béng khi lam viéc.
Bai bao nay dé xuit mo hinh can bang ty dong
cho thiét bi vét luc binh trén kénh rach dang
duoc nghién curu va trién khai tai DCSELab.

Thiét bi c6 ciu tao bao gém cac bd bang
tai hoat dong nho hé thong thuy luc duge lap
dat chic chan trén phao ndi, phia trudc bing tai
vot duoc lép dat thém bo tay gom nham tang
tinh linh hoat chui dong cho thiét bi.

1) Tay gom luc binh; 2) Bdng tdi vot luc binh;
3)Bang tai chira luc binh; 4) Bang tdi xd luc binh.
Hinh 1. Thiét bi vét luc binh sir dung trong
nghién ciru

Tai vi trf lam viéc, thiét bi s& ha hé
thong bang tai vot va hoat dong. Luc binh sé&
duoc gom lai bang tay gom 1 va dugc vt lén

thiét bi béng bang tai doc 2, sau d6 dugc chira
trén bang tai 3 va cudi cung duoc xa khoi thiét
bi qua bang tai ngang 4. Sau khi thu gom, thiét
bi s€ di chuyén dén vi tri x4 tai. Tuy vao vi tri
can x4 tai ma luc binh duoc xa theo man trai
hoac man phai cua thiét bi.

b) Man phdai
Hinh 2. So do xa tai luc binh man phai
va man trdi cua thiét bi

Trong qua trinh van hanh, trong lugng
cua lyc binh khi dwoc vét 1én s& 1am cho thiét b
mat cn bang, ting nguy co xay ra su co nguy
hiém. Cac trang thai gdy mét can bang cho thiét
bi bao gdm cac truong hop: 1. Vot Ién trén
bang tai doc; 2. Di chuyén trong bing tai chira;
3. Di chuyén ngang trong bang tai xa va 4. Cac
ngudn nguyén nhan khac. Bai bao dé xuat giai
phap cén bang cho hé théng vé6i cac luong mat
can bang gy ra do 1, 2 va 3; Riéng 4 duoc xu
Iy nhu nhiéu vao h¢ thong. Trong thuc té, thiét
bi ciing c6 thé s& gip phai trudng hop vt mang
luc binh 16n, r& cdm chit dudi bun, kéo thiét b
chui dot ngot vé phia trude, dan dén nguy co
lam mAt an toan cho thiét bi va ca nguoi van
hanh, diéu nay ciing s& dugc tinh toan xem nhu
mot dang nhidu bat thuong vao hé thong.
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Hinh 3. Truwong hop thiét bi mat can bang

Nhu da dé céap, luc binh 1 ddi tugng
chinh gdy mét can bang cho thiét bi. Trong
luong luc binh khi dugc vét 1én bang tai sinh
ra md men gay chui thiét bi, con khi thai xa,
trong luwgng luc binh thay di s& sinh ra mé men
nghiéng ngang thiét bi. Nham xac dinh mé men
nghiéng gidi han 16n nhét phuc vu cho viéc tinh
toan, phan tich, danh gi4 an toan thiét bi, ta xem
lugng luc binh nhu mgt vat nang 16n, tap trung
tai vi tri xa nhét tinh tir trong tam thiét bi dén
vi tri xa nhét trén bang tai vot va bang tai thai.
T d6, vi tri va khéi lugng cua vat ddi trong s€
duoc tinh toan chinh xac dé dam bao cho hé
thdng can bang.

2. GIAI PHAP PE NGHI
2.1. M6 hinh hoa

Thiét bi truc v6t luc binh khi xay ra hién
tugng mat can bang nhu da dé cap nhu phan
mo ta s& dan dén viéc thiét bi bi anh hudng baoi
momen nghiéng theo gbc roll va goc pitch nhu
biéu dién theo Hinh 3.

Dé can bang lai momen gy ra mat cn
béng cho thiét bi, mot hé cac d6i trong duogc bd
tri trong khoang thiét bi dé tao momen phuc hoi
so V&1 trong tdm cua thiét bi. Dé tao ra momen
can bang, ta thay ddi khéi luong hodc canh tay

don so v&i trong tAm cua thiét bi ddi trong véi
khéi lugng ciia luc binh. Tac gia dé xuét co ciu
tao momen can bang bang thay do6i chiéu dai
canh tay don thong qua diéu khién vi tri. So dd
nguyén li ctia co cau duoc thé hién & Hinh 4.

X3 —

ms f

Xy

A —NN A

Hinh 4. So' do nguyén li hé thong cin bang

Hé théng can bang sir dung b 5 khdi
nang gém 1 con nang m, dé can bang cho goc
roll, 2 khdi ning m, va 2 khéi nang m, dé can
bang cho goc pltch Trong thuc té, trong tam
thiét bi thay ddi lién tuc do chiu tac dong cua
cac khdi lugng bén ngoai. Gia thiét trong tim
cua thiét bi dat tai trong tam hinh hoc cta thiét
bi va khong d6i. Mo hinh héa cho hé can bang
thiét bi:

{I 0p, = g(2myx, — 2mgx3) — gmexs
L6, = g2myx; — gmsyy

Vi, I: Momen quan tinh cua thiét bi
theo truc pitch, N/m; 1: Momen quén tinh cﬁa
thiét bi theo truc roll, N/m 9 Pao ham cap 2
g0c nghleng cta thiét bi theo truc pltch, ; 9 bao
ham céap 2 goc nghleng cua thiét bi theo truc
roll, °; g: Gia tbc trong truong, m/s%; m;: Khoi
lugng cua cac con nang, kg; x.: Khoang cach tr
trong tim con ning dén trong tam thiét bi, mm;
m: Khéi luong lyc binh tac dong, kg; X, va ¥e
Canh tay don ngoal lyc theo phuong x va y doi

Vo1 trong tam thiét bi, mm.

Xét cac momen ngoai luc tac dong do
truc vot luc binh lam thiét bi mat can bang la
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mot dang nhiéu hé théng, khi do:

6:0 = g [(2m2x2 — 2m3X3)] + d.p

6, =>mx, +d,
I,
Vo1, dp: Nhiéu theo truc pitch; d: Nhiéu theo
truc roll.

2.2. Nhiéu giy mit can bang thiét bi

Theo tiéu chuén, thiét bi lam viéc trén
kénh dugc phép dao dong vai bién do an toan
+4° Hé théng vét luc binh co thé gy nén dao
dong ngoai gidi han nay trong qua trinh vét va
x4 tai. Dé kiém tra bai toan diéu khién, nhiéu c6
thé udc luong khoang 10% tai ctia thiét bi. Hai
loai nhiéu nghién ctru bao gdm nhiéu budc va
diéu hoa.

2.3. Thiét ké bd diéu khién
Sai s6 goc nghiéng cua thiét bi:

{el =62 -6,

_ ad _
EE_E?" H?‘

Vi, e, e,: Sai s6 theo truc pitch va truc

.pd pd (VA R od ‘A
roll,’ g, 0, va Qp, 0: G.1a’1 tr1. gbc nghiéng mong
muon va thyc t€ cia thiét bi theo phuong pitch

va roll.

Thiét ké bo diéu khién trugt cho hé
thong can bang thiét bi, cac mat truot duoc
dinh nghia:

5, =&, + 4,8
5, =&, + Ae,

Véi, A,>0 va 4,>0 1a hé sé diéu khién thoa
Hurwitz.

Luat diéu khién trugt duoc thiét ké:

X1
u = [xg] = (?_1[,4,1.'51!5:'?J + 2,58,
X3

—kysysign(s,) — kys,sign(s,)]

™y5; MM,5 MyS

. 152 251 351
Vo1, C =—g 7 7 -2 7
r P P

Xét ham Lyapunov V va dao ham V.

vV 1 ”+1 =0
=—5] +—85
27t 272

V =5,8, + 5,5,
Véi, k,, k,>0: hé s6 diéu khién.

Vi V>0 va V <0, bo didu khién duoc
chttng minh 6n dinh.

Pé tranh hién tuong chattering cho tin
hi€u di¢u khién, ham tanh dugc str dung & bo
di€u khién thiét ké nay.

— -1 : :

—kys,tanh(s,) — k,s,tanh(s, )]

3. KET QUA MO PHONG

B diéu khién cho hé cin bang thiét bi
dugc mo phong trén Matlab. Cac thong sb ki
thuat thuc té cta thiét bi truc vt luc binh dugce
su dung:
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Bang 1. Théng s6 mé phong

Théng sb Gia tri
Momen quén tinh theo tryc roll, I 295949
Momen quan tlnlh theo tryc pitch, 558802
D
Khéi lwong dbi trong 1, m, 500
Khdi luong ddi trong 2, m, 200
Khoi lugng ddi trong 3, m, 200
Gidi han goc nhiéu diéu hoa [-4,4]
Gidi han goc nhiéu budc khi tai [0,12]

Cac mo6 phong dugc thyc hién trong
2 truong hop: Giita khong nhiéu va c6 nhiéu
ngoai luc. Bé dam bao tinh dap tmg cta bo didu
khién, cac nhiéu dugc dit ngdu nhién trong gisi
han cho phép.

Dbi voi truong hop c6 nhidu ngoai luc,
bai toan duoc mod phong cho truong hop thiét bi
truc vot luc binh va di chuyén luc binh trén cac
bang tai doc va bang tai ngang, sau d6 xa tai.
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Hinh 5. D6 thi déap vmg géc nghiéng - trirong hop
co nhiéu buoc

Dbi voi trudng hop c6 nhidu didu hoa tir
ban than cta thiét bi ma khong co tac dong dén
ttr luc binh, cac ddi trong can bé'mg thiét bi gitlr
cho thiét bi dao dong vé6i bién d6 cho phép <4°

4
L] f \ T A] - [A]
a |\ Py - nhiéu diéu hoa
] 2 ,.f \ | [ ’l \ fA
- I
b e t‘ /‘T\
S 2f I N
" J \ z \/ U \
0 ] 10 15 20 =] 30
Thot gianm, 5

Groe roll, d9

Hinh 6. Do thi déap vmg géc nghiéng - triong hop
6 nhiéu diéu hoa

Nhén xét:

Db6i voi truong hop khong co nhiéu
tac dong tur ngoai luc khi truc vot luc binh,
mo phoéng cho tinh hudng thiét bi chi chiu cac
nhidu ngoai luc rat nho nhu gié hodc gan nhu
khoéng c6, bo diéu khién cho ra dap tng goc
nghiéng cua thiét bi bam dao dong quanh goc
0°1an lugt 13 ~1.5°, véi goc pitch va ~2.4° véi
gbce roll.

Déi véi trudng hop co nhiéu tac dong
1én dén tir lyc binh, trong mo phong 1 nhidu
step, bo diéu khién van c6 kha ning cho ra dap
mg bam 14y gi4 tri mong mudn sau khi chiju tac
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dong tir nhidu v6i bién d dao dong <4°.
4. KET LUAN

Bai bdo trinh bay giai phap cho can
béng tu dong cho hé théng vot luc binh trén
kénh rach. Tir nghién ctru nguyén nhan gay mat
can béng trén thiét bi v6t luc binh dang dugc
trién khai tai DCSELab, bai toan cin bang tu
dong dugc dé xuit va giai quyét. Két qua mo
phdéng dung Matlab minh chung tinh kha thi
cho giai phap d& nghi. Van dé hoan thién trén
thiét bi thuc té dang dugc tiép tuc trién khai tai
DCSELab.
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