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Tém tit: Mot trong nhiing giai phap dé giam dao dong lic lu cua cép can cau la
sir dung bo giam chan bi dong. Phuong phap can bi dong nay ap dung don gian nhung
lai c6 hi¢u qua han ché vi su khong linh hoat trong viéc ngén can chuyén dong bat loi
va khong khuéch dai duge chuyén dong co loi. Bai bao nay dé xuat mot bo diéu khién
bat - tat hé sb can ciia bo giam chin ban chu dong dé cai thién bo giam chén bi dong.
Muc tiéu cia diéu khién bat - tat hé sd can 1a khuéch dai chuyén dong theo phuong
huéng tim cia bo giam chin nham tang nang luong ti€u tan, qua d6 lam giam dao
dong lic lu. Hiéu _qua cua by diéu khién dé xudt dugc thé hién qua md phong sb
chuyén dong cuia can cau 2D.

1. Gié6i thiéu

Can cau dong vai tro rt quan trong trong cong nghiép va viéc néng cao hi¢u qua
hoat dong cua can cdu mang lai gia tri to 16n vé ky thuat cing nhu Ve kinh té. Tuy nhién,
trong tai cta can ciu treo bai day cap ludn co dic tinh linh dong cb hiru. Dao dong cua
trong tai gay ra boi ngoai luc nhu gié thudng cd cac han ché co ban do cac diéu kién ban
dau hodc do sy van hanh khong chun x4c.

Céc phuong phép kiém soat dao dong lac lu ciia cap duge trinh bay trong cac tai
ligu da co6 thuong duogc thyc hién theo hudng chu dong. Céac gia tri do trang thai cua can
cau nhu vi tr, goc lic duge st dung dé tao ra cac tin hiéu diéu khién [1-4].

Theo mot huong khac, nhiing hé thong tiéu tan ning luong bi dong tuong (101
kinh dién da duoc gidi thigu dé kiém soat dao dong lac lu trong mot s6 nghién ctru gin
day [5, 6]. Trong d6, b6 16 xo - giam chén bi dong 1a mot dang dién hinh c6 thé duoc sir
dung dé kiém soat dao dong lac lu [6]. B9 1o xo giam chan hoat dong duya trén nguyén ly
cua can Coriolis. Phuong phéap can bi dong nay don gian trong ap dung nhung han ché &
s khong linh hoat trong viéc ngan can chuyen dong bat lgi va khuéch dai duoc chuyen
dong co loi. Diéu khién bat - tit hé sb can nham khuéch dai cac chuyen dong co loi dé
tang kha nang tiéu tn ning luong clia bd giam chan, tir d6 1am giam dao dong lac lu cia
cap can cau.

Diéu khién bat - tit hé sb can hay con goi la phuong phap ban chu dong 1a mot
phu:ong phap day trién vong [7, 8]. Thiét bi cho phuong phép nay khong khac nhiéu so
v6i thiét bi cho phuong phap bi dong. Ngoal ra, n6 con cé su thich tmg va rat linh hoat
ctia mot hé chii dong. Phuong phéap diéu khién ban cha dong da dugc nghién ciru va cdng
b boi nhidu nha khoa hoc [7-10], tuy nhién nhitng nghién ctru niy chi nghién ciru giam
dao dong theo phuong bién dang ciia bo giam chan. Trong bai béo nay, dao dong can
giam khong cung phuong véi bién dang ctia bo giam chan. Nhom tac gia da dé xuat mot
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bd diéu khién bét tét hé sb cén cho thiét bj giam chin ban chi déng, duoc treo vao gitta
trong tai va cap can cau dang cau truc. Muc tiéu ctia bd diéu khién nay 1a tro gitp su dich
chuyén ctia bo giam chan nham ting nhanh ning luong tiéu tan.

2. M6 hinh toan hoc

H¢ 10 xo glam chan huéng tAm da dugc dé xuét de glam dao dong tu do gay ra
boi didu klen ban dau [5, 6]. Hinh 1 thé hién mo hinh cap can cdu dang cau truc c6 gan | 10
x0 va hé sd can duogc bat tit huéng tim. Mo hinh nay thuong duoc ap dung trong cau
truc nha cong nghiép hodc & dang ciu tryc thap trong xay dung. Trén hinh 1, chuyén
dong lac lu cua trong tai tao ra luc ly tim. Do két ndi 16 xo giam chan giita trong tai va
cap, chuyén dong huéng tAm cua trong tai dugc kich hoat. Chuyén dong nay vé phan nd
tao ra lyc can Coriolis tic dong vao chuyén dong lic lu dé kiém soat chuyén dong do.
Can Coriolis 14 phi tuyén va chi thé hién hiéu qua trong dao dong 16n. Trong truong hop
d6 can 1a bi dong, néu d6 can qua 16n s& ngin can chuyén dong hudéng tam va do dé luc
can Coriolis s& giam. Nguoc lai, d6 can qua nho s& giy ra chuyén dong cong huong.
Truong hop d6 can duoc bat - tit sé khac phuc duoc nhitng han ché cia do can quéa cao
hodc qua thap.

Xe toi

Bat - tat can
hudng tam ¢

Lo xo
hudng tam k

Hinh 1: M6 hinh cap can cau dang cau truc cé gan lo xo
va hé so can dwoc bat - tat huong tam

Pé minh hoa cho k¥ thuat dugc dé xuét ta dua ra cac gia thiét sau:

- Chi xét can truc trong mat phéng c¢6 mdt 1énh dugc thuc hién: Di chuyén cua xe
to1, x thay d6i (khong xét 1énh nang cap: I=const). Gia thiét rang tai trong duoc nang 1én
& mot do cao nhat dinh rdi nguoi 14i ciu méi cho di chuyén xe toi. Truong hop nay hay
gip trong thuc té.

- Khéi luong 10 xo va giam chin ¢ thé bo qua so voi khdi lugng trong tai.

- Do cling cua cap du 16n khi so sanh v6i do cimg cua 16 xo dé bo qua bién dang
cua cap.

Céc ky hi¢u dugc str dung trong bai bao dugc miéu ta chi tiét trong Bang 1.
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Bang 1: Mo ta cac ky hi¢u

Ky hiéu Mo ta
m Khbi luong trong tai
k,c Hé s6 10 xo va b giam chan
6, & Goc lic I va goc ban dau
| Khoang cach giira xe toi va trong tai trong diéu kién tinh
u Chuyén dong hudng tdm cua trong tai do tu vi tri tinh
X Chuyén dich cua xe toi
g Gia tdc trong trudng
o, =49/l Tan sb riéng ciia con lic
T=al Thoi gian phi thir nguyén véi ty 16 os™
M Y S G4
= Ty s0 giira cac tan sO
a)S
__¢C N S S S P £
" 2ma, Ty s0 can ctia by gidm chan

u, =u/l,x, =x/I

Dang phi thr nguyén ctia chuyén dich hudng tdm va chuyén dong

cua xe toi

Can ¢t vao hinh 1, vi tri cta tai trong (xp,yp) €O dang:

- Ham dong nang, ham thé nang va ham tiéu tan nang lugng sau khi dugc bién

doi co6 dang :

Xp = X + (I+U)sin6 ; yp = (I+u)coso.

2 2

M .o .oy, ku kuy 1 .
kfz(qx;zﬁy,z))” EPZT,JFmg(lJrU—yp)JF?o ; ED=§CU2-
Trong d6 bién doi chi tiét cia ham thé ndng Ep nhu sau:
ku? ku? ku?>  mg  ku

E

=]

2

_ k(u+uy)?

ku ku
=—+mg(l+u-y )+—>
5 9( Yp) 5

+mg(|—yp):7+ku0u+'70+mg(l—yp):—+k—u+7"+mg(l—yp):

2 k

2

O day upla do gian tinh cia 14 xo.
H¢ c6 hai bac tu do (0,u). Hai phuong trinh Lagrange cta hé:

Sau khi dao ham va thay thé cac ham nang luong vao phuong trinh Lagrange ta

{a(EK —Ep)}_a(EK B, % g

(q=6,u)

aq q aq

duogc hai phuong trinh chuyén dong nhu sau:

Str dung mot sé tham sb phi thir nguyén duoc 1iét ké trong bang 1, ta rat gon hai

200 + %cos @+ (1 +u) +gsind=0
mssin @ +mi —m&? (I +u) +mg(1—cosd) +ku +cti=0.

phuong trinh (4) vé dang phi thir nguyén:
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B6 10 xo0 giam chéan bi dong nhu trén hinh 1 d3 duoc nghién ctru trong truong hop
dao dong tu do [6]. Cac cong thirc giai tich ctiia cadc tham s0 t6i vu da duoc gidi thi€u
trong [6] va dugc dua ra sau day:

Qo = 2

, _ 122145, -9, (6)
opt 0
8(3¢5, + 4)
O day Olopt VA Copt @ cac tham s6 t6i ru cia a va ¢ cua bo 14 xo giam chén bi dong,
0o 1a goc dao dong ban dau va ky tu dudi opt ky hi€u cac tham s6 phi thr nguyén. Ty so
can tbi wu cta bd giam chan Copt thu duoc bang cach giai phuong trinh bac 3 d6i véi ¢ o -

Lo1 giai cua phuong trinh nay phu thuge vao goc ban dau 0o. Do 1a hé qué cua tinh phi
tuyen san co cua can Coriolis. Trong thuc té tinh toan, mot gid tri thiét ké nhat dinh cta
0o can duoc dat trudc dé tinh Copt.
3. Piéu khién bt - tit hé s6 can
bé danh gia hiéu qua bd diéu khién bat - tit hé sd can, ti sd can € cua bd giam
chan bi dong dugc thay doi gitra gié tri cao C, va gia tri thap ;. Muc tiéu cua viéc nay la
tro giup su di chuyén cua bg giam chan bi dong. Xap xi phuong trinh thir 2 cta (5) ¢
dang dao dong tu do theo [6] ta duogc :
2
U, +24U, +au, _92—%. @)
Xét dao dong & tén s0 cong hudng 0=0¢sint, trong d6 6o 1a bién do goc lac. Luc
cua con lac ¢ (7) dugce viét lai nhu sau:
2 2 ain? 2
92—%=9§cosz _Gsine H——E(éz—ez). (8)
Trong (8), phan thir nhét 1 phan tinh, khong c6 tac dung khuéch dai bo phan tiéu
tan nang luong di chuyén. Nguogc lai, phan dong %(92 —6%) ¢6 vai trd quan trong trong

viéc khuéch dai di chuyén ctia bd phan tiéu tan nang lugng. Do d6 cach diéu khién hé sd
can duoc dé xuat nhu sau:

& U (6°-6%)<0

& 0, (6°-6%)>0

- Khi u_ (6 —6%) <0, phan dong trong (8) can trd su di chuyén cua bo giam chan
nén dJ can dugc bat 1én gié tri cao dé han ché xu hudng do.

- Khi u, (6% -6%)>0, phan dong ctia bo gidm chan trong (8) lam ting toc do di
chuyén cia by giam chan nén d6 can duoc bat xudng gia tri thap ¢ dé giai phong bod
giam chan. Muc dich cua viéc nay la l1am tdng nhanh qua trinh tiéu tan nang lugng.

4. M6 phéng sb

Pé minh hoa hiéu qua cua k¥ thuat diéu khién bat - tat hé sd can, qué trinh dao
dong cua tai trong dudi tac dung cua 1€nh diéu khién xe to1 dugc tinh toan mo phong so.
Gia tri tinh toan dugc chon nhu sau:
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- Goc lic ban dau duogc chon 6y = 300, cac gia tri ban dau khac duoc chon bﬁng
khong.

- Cac d0 can bat tat duoc chon 1a &y, —ZOQOpt, €1 =0,05Cgpt -

- Lo xo giam chan huong tam duoc thiét ké cho goc dao dong 16n téi 60°.

- Két qua cuia céac tham sb tbi wu duoc tinh bang Copt = 0,3296, 0gpt =2.
Lénh di chuyén xe toi dugc thue hién nhu sau:

- Giai doan 1, tr 0 dén 8s, xe toi di chuyen tr 0 dén 16m, van tdc thay ddi tir 0 dén
4m/s. _

- Giai doan 2, tir 8s dén 12s, xe t0i di chuyén tir vi tri 16m dén 32m, van toc khong
doi 1a 4m/s. |

- Giai doan 3, tir 12s dén 20s, xe toi di chuyén tir vi tri 32m dén 48m, van tdc giam
tir 4m/s vé 0.

Qua trinh véan hanh xe toi duoc thé hién trén hinh 2.

50

a0t -
2

E E 41
= 30f 5
e
g &
g 20+ <

100 8§ 12 20

Thoi gian (s)
% 10 20 30 40
thoi gian(s)
(a) (b)

Hinh 2: Qua trinh vin hanh xe toi

a) Di chuyén cia xe toi theo phirong ngang b) Lénh diéu khién vin téc

Hinh 3a-d biéu thi su bién thién cua cac dai lugng nghién ctru theo thoi gian t(s),
bao gém goc lac 0, luc can Coriolis, hé sd can ¢ va khoang cach di chuyén cua tai trong
theo phuong ngang.

Dd thi hinh 3a cho thay, gbc lac trong truong hop hé s6 can duogc diéu khién bat -
tat nho hon truong hop hé sb can tbi wu bi dong. Diéu d6 thé hién hiéu qua giam dao
dong lic lu cua phuong phap dugce dé xuat Trén hinh 3b, lyc can Coriolis trong truong
hop hé sb can duge diéu khién bat - tit 16n hon truong hop hé sd can t6i wu bi dong,
chung to khi hé s6 can dugc diéu khién s& 1am ting luc can Coriolis theo phuong dao
dong dan dén 1am giam dao dong lac lu.

Hinh 3d thé hién khoang cach di chuyén cua tai trong theo phuwong ngang trong 2
truong hop: sir dung bo giam chén bi dong va sir dung bd giam chan ban chi dong voi hé
sO can dugc diéu khién bat - tat. Két qua thé hién trén do thi hinh 3d cho thiy sy lic lu
clia tai trong trong truong hop hé s can duoc didu khién bat - tat 1a nho hon truong hop
hé s6 can toi wu bi dong. Diéu nay thé hién khi hé sé can duoc diéu khién thi dao dong
lic lu cia tai trong theo phuong ngang di giam xudng.
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Tt cac phan tich ¢ trén, c6 thé nhan thay rd sy hi€u qua ctia by giam chan ban -
chu dong trong viéc gidm dao dong lac lu cua cap can cau so véi truong hop bd giam
chan bi dong.

15 : : : — 0.2 : : : :
Truong hop khong co giam chan Truong hop he so can duoc bat-tat
1 0.15r b
0.1 Truong hop he so can toi uu
0.5
= 2
5 S 0.05
g of S
£ E
05) -0.05
1k -0.1
Truong hop he so can duoc bat-tat )
15 : : Truong hop he so can toi uu -0.15 : : : :
0 10 20 30 40 50 0 10 20 30 40 50
{(s) t(s)
a) b)
Truong hop he so can duoc bat-tat
7 : : : . 60 :
6 ™ bl 50 [
5F 1 —~ 401
£
< Ar 1 é 30} Truong hop he so can toi uu-
E ; Truong hop khong co giam chan
3r N c 20 A
@
o
K=
2r 7 =~ 10 o
1 i 0 4
r Truong hop khong lac Iu
0 ] :
0 10 20 30 40 50 -10 p y y y
t(s)  heso cantoiuu 0 10 20 (s) 30 40 50
c) d)

Hinh 3: Lich su thoi gian cua: a) géc lic, b) lyc Coriolis, C) hé s6 can,
d) di chuyén cua tai trong theo phuong ngang

5. Két luin

Bai bao nay di d& xuat mot bo diéu khién bat - tit hé s can cho bd giam chan
ban chu dong. B diéu khién nay dwoc xdy dung trén ¥ tuong khuéch dai chuyén dong
ctia bo giam chan ban chi dong theo phuong hudng tam nham tang nhanh qua trinh tiéu
tan nang luong, qua do lam giam dao dong lac lu cua cap can cau. Két qua mo phong ; 5O
da chi ra hiéu qua cua bd diéu khién dugc dé xuat. Cu thé 1a: dao dong lac Iu (goc lac)
clia tai trong trong truong hop hé sd can duoc didu khién bat - tit 1a nho hon so véi
truong hop hé sb can tdi wu bi dong.
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SUMMARY

ANTI-SWAY OF CRANE’S CABLE BY DAMPING CONTROL
OF SEMI-ACTIVE DAMPER

One of the solutions to reduce the sway oscillation motion of crane' cables is to use
a passive damper. The application of this method is simple but limited in the insufficient
flexibility to prevent adverse movements and to amplify the favorable ones. This paper
proposes an on-off damping controller of semi-active damper to improve the passive
damper. The aim of the on-off damping control is to amplify the radial motion of damper
to increase the energy dissipated, then reduce the sway motion. The effectiveness of
proposed controller are verified by numerical simulations of a 2D crane.
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