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Mo hinh ddng luc hoc mé phong dao

A A A ’
dong can cau thap

Tém tat: Bai bao trinh bay viéc xay dung mé
hinh déng luc hoc d€ mé phdéng dao déng ctia khoi
hang trong can cau thap, qua doé ting cuong hiéu
biét vé sy hoat déng ctia can cau cho cac nha quén
ly, khai thac va céng nhan van hanh can cau thap.

Abstract: This paper presents the construction
of models to simulate the dynamics of the oscillating
mass in every tower cranes, thereby enhancing the
understanding of the operation of cranes for
managers, operators and tower crane operators.

1. Dit van dé

Khi cdn cdu hoat dong, mét trong nhiing thach
thiic I6n nhat ctia nhan vién van hanh ciing nhu céc
nha quan ly va khai thac can ciu dé la kiém soéat su
lc lu cha d6i tugng dugc van chuyén [2]. Hang héa
ma can cau van chuyén thudng cé kich thudc va khéi
lugng 16n. Khi cAn cdu chuyén dong cé gia téc, sé
xudt hién luc quan tinh. Ngoai chuyén déng theo cung
can c4u, lyc quéan tinh theo sé& gay ra chuyén dong
tuong d6i clia hang héa déi véi can cdu, dé 1a dao
déng (su lac Iu) clia doan day cap treo xung quanh vi
tri can bang cla né. N&u van hanh can c4u khéng hap
ly thi cho du can cdu diing h&n, dao dong doé cé thé
c6 bién do 16n va kéo dai trong nhiéu giay, tham tri
tGi vai phat. Hon nira, trudce khi duge ha xudng mot vi
tri xac dinh, hang héa van chuyén phai diing yén hoan
toan dé tranh l1at d6 gay tai nan cho doi ngi céng
nhan thao dd ding gan va nhiing rai ro khac.

P& c6 thé kiém soat dugc sy l&c Iu clia khéi hang
dudc cdu, doi hdi cac nha quan ly khai thac va nhan
vién van hanh can ciu phai dugc dao tao chuyén sau
vé ly thuyét cling nhu thuc tién trong xay dung. Bai
bao tap trung dé xudt mot mé hinh dong luc hoc dé
mé t& dao ddng clia khéi hang héa clia can cau thap
khi can c&u hoat dong.

2. M6 hinh can cau thap

Khi cdn c4u thap hoat dong, bén théng s6 ludn
dugdc nhan vién van hanh va nhan vién thao moc kiém
soat nghiém ngat [1] (c6 thé goi la bén théng sé diéu
khién), dé la (Hinh 1): Khodng cach s tii xe ddy dén
cot can c4u; chiéu dai d clia doan day cép treo hang;
gbc quay vy clia can quanh cot; goc quay ¢ clia moc
treo hang quanh cap treo (thdng s6 ¢ dugc kiém soat
b&i nhan vién thao méc, hau hét trong cac can cau
thap thi méc dugc phép xoay mot géc nhd dé hoan
thanh nhiém vu xay dung khac nhau).

B6n thong s6 khac dé xac dinh vi tri cia méc doi
véi xe ddy va cla khéi hang d6i véi méc (day la bén
bac ty do dé mé t& dao dong c&n céu), ching bao
gbébm: Géc lac 0,, clia cap treo quanh xe déy theo
phuong song song véi can (phuong x); goc lac 0,, cla
khoi hang quanh moc theo phuong song song véi can;
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géc lac 0,, cla cép treo quanh xe d4dy theo phuong
vudng géc véi can (phuang y); goéc lac 6,, clia khdi
hang quanh méc theo phuong vudng goc vai can.

NVa4

Bdn théng s6
dugc diéu khién

Bdn théng s6
xac dinh déng

Hinh 1: Tédm béc tu do cdn c4u thap

Phéan cap treo dap Gng gia dinh vé ly thuyét cla
con l&c [4], ly do la: Khéi lugng clia hang hdéa van
chuyén thudng I6n hon nhiéu so véi khéi lugng day
cap; khi can cau hoat doéng binh thudng, bién dd dao
dong clia cap treo cling nhu hang hoa 1a tuang doi nho.

S¥ dung tam théng sé néu trén, ta hoan toan co
thé mo t& dugc hanh vi clia can ciu thap trong qua
trinh van hanh.

3. Thiét I1ap phudng trinh ddng luc hoc can
cau thap

P& xay dung phuang trinh déng luc hoc, ta dua ra
nhiing nhan xét sau: Can cau thap chi yéu dugc sl
dung trong céc cong trinh xay dung nha cao tang. Dé
chéng rung lac trong hoat dong va gay dé khi mua
bao, khi phan cot can ciu dl cao thi trén mot doan
coOt s& c6 mot maoi lién két cting véi mat san nha. Mat
khac, can clng vdi day dd tai tao thanh mot khau tam
gidc trong mat phang thang ding. Vi vay, ta cé thé
coi ¢t va can nhiing phan tl tuyét déi cling, ti do bd
qua bién dang va chuyén vi cia ching khi can cdu
mang tai.

Ky hiéu: V> ¥ lan lugt la van t6c goc, gia téc goc
cliacén; s, § 1a van tdc, gia téc trugt tuong ddi clia xe
ddy doc theo cén; d, d 1a van téc, gia toc cla cap
nang ha. Cac thong s& diéu khién gay ra lyic quan tinh
cho méc va tai khi chiing chuyén dong.

Cép cén cdu c6 thé dugc mo phdng bdi hé théng
con l&c c6 hai bac ty do. Tai méi thdi diém chuyén
dong, hé théng con l&c tham gia chuyén déng theo
hai hudng doc lap: Hudng x song song véi can, huéng
y vubng géc véi mat phang chiia can va cot. Trong
méi huéng, hé théng gém hai phan: Phan mét la tu
xe ddy dén méc, phan hai la tr méc dén déi tugng
van chuyén (Hinh 2). Do dé, ta biéu thi 0,,, 0,, la hai
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toa do suy réng di cla hé théng
con l4c trong hudng x; 0,,, 05, la
hai toa do suy réng dd trong
hudéng y.

Dung phudng trinh Lagrange
loai hai dé lap phuong trinh vi
phan chuyén dong tuong déi clia
hé con I&c trong huéng x:

d(er) or
= -== =0q ,q=6,0
dt[aq,) 20 9q, ,9=0,0,

(1)

Sau d6, suy ra phuaong trinh vi  Hinh 2: Mé hinh
phan chuyén dong theo huéngy. phan day cap treo
Pong nang hé con lac la:

1 B O (N N
T:5(171111‘+J61)01'+7'(x8 +2z, )+%(92 >

1 2 20, 1 2 2 s -
T= E((ml +m)l° +JGI)191‘ +E(n1212' +JGZ)02‘ +m,11,6,6, cos(6, - 6,)

Tinh dao ham rdi xem cos (0, - 0,) = 1, sin (0, - 6,)
= 0,-0,, sau d6é bd di cac v6 cling bé bac cao ta
nhéan dudgc:

d [‘W ] o ((ml +m,)l? +JGI)9'1 +myl1,6,

dr\ 06,) 06, @)
apor)_or ml L6, +(m,1,* +J,,)6,
dir\ 86, ) o6, we 22 T Te/

Tinh luc suy réng: Khi
can c4du dugc diéu khién,
cac thong sé diéu khién s, d,
v bi€n thién s& xuat hién cac
lvc quan tinh theo, lvc quan
tinh Coriolis. Cac lyc quan
tinh nay cung vdi luc can
clia gié tao thanh luc ngoai
tac dong vao cac khai lugng
m;4, m,. Ngoai ra, con cé hai
mé men Mg;, M, can lac
cac doan day Iy, I, tuong Ung.

Biu thi P,, P, 12 luc
ngoai lan lugt tac dong vao
méc va déi tugng van chuyén
trong huéng x (Hinh 3); W, la
lic c&n cla gié ddi véi ddi tugng van chuyén theo
hudng x, bd qua luc can clia gié trén moc. Ta cd:

B, = B (t) = -m(-si” + §)

Py = Py (1) == my (=5 + § )+ W,

Hinh 3: Luc bén ngoai

(3)

Trong dé: Py, P,, - Luc ngoai lan lugt tdc dong vao
mac va déi tugng van chuyén trong huéng y; W, - Luc
can clia gié déi vdi doi tugng van chuyén trong huéng
y. Ta sé co:

By = R, (t) = —m (=59 -25y) 4

Py, =P, (1) =—m, (=5 = 25y)+ W, )

Con giéa tri cdc m6é men cén:

Mci= k{0, Mco= ky(0,- 0,). Do do, luc suy rong (sau
khi thay sin 6;= 6;; cos 6,= 1):

Qel :_m1g1191_m2g(1161 +1202)_(151 +k2)91 +Rr11 +sz (11 +lz)

00, =—mgl,0, —k,0,+P, 1,

)

Mat khéc, theo nghién cliu clia Caughey vé gidm
séc dé mo phéng su phan ra clia bién do géc: V4i vat
c6 khai lugng khéng ddi m va dé cling khéng déi k, khi

do can lién tuc ¢ cho bdi:

c=2\km.§ (6)

Trong do, & - Hé s6 giam soc.

Tu két qua trong cac phudng trinh trén, ta nhan
dugc phuong trinh vi phdn md t&4 dao dong cla hé
theo hudng x nhu sau:

(m,+m,)17(1)+J,,,  ml(t)l, bi,((l) +[C,:( c,g(:| HI,((I) .

ml, (1)l ml? +J,, || 6,.1)] e en]|6,.1)
+{k‘,+k1+(m,l,(l)+mlll)g m,gl, HHH(I)]
0 —k, +m,gl, || 6..(1)

[ (escog? o s~ om, (=i )+ 50) W11+ 1)

N —(nzz(—s(t)y'/z(t)+ls‘(t))+VK)IZ

TU phuadng trinh theo hudng x va lyc ngoai theo
hudng y, ta suy ra dugc phuadng trinh vi phadn mo ta
dao dong hé théng cap treo theo hudng y nhu sau:

(my+m) (4T 5, ml(t)l, 16,000 Ten, cw, 1[6,0t)

[ ’"2122*/@2,] b.,(t) +[0u, Coay ] 0,,(1) ’

ml(t)l,
4 {k‘+k1+(m,z,(z)+mzzz)g m,gl, ][9‘/1)}

0 —k,+mygl, || 0.,(1)
—m, (=s(E ()= 25( )} (t)),(t) = (m, (=s(t ()= 25( Jgr(t))+ W, )(1,(t)+1,)
- |:7(m2(7s(t)l/'l'(t)72s'(t)v'/(t))+Wy)12 ] 8)
Phuang trinh (7) va (8) cho thdy cac théong sé dao
doéng thay déi trong méi budc thai gian. Néi cach khac,
khi gidi cac phuadng trinh nay, ta phai tinh toan lai ma
tran khdi lugng, ma tran dd ciing sau mdi budc thai gian.

4. Hudng giai cac phuadng trinh ddéng luc hoc

Hé cac phuang trinh (7), (8) c6 thé giai bang cach
chuédn héa cac matran M, C va K qua cac budc sau:

4.1. Tim tri riéng va véc to riéng

M, C, K va P la cac ma tran cdp hai, nén sé co hai
véc to riéng va dugc biéu dién bang ma tran sau day:

_ b 9
¢_|:¢21 ¢zz:| (9)

4.2. Xac dinh ma tran dai dién q

Batky bo N véc to doc lap déu cé thé sii dung nhu
mot cd s& dé dai dién cho N véc to doc lap khac, do
dé6 0 co thé dudc dai dién bdi g nhu sau:

0=q- |:¢11‘J1 ¢12q2:|
949, 9,49,
Phuang trinh (7) va (8) dugc viét lai nhu sau:

M¢g +Cdg + Kpg = P (10)

4.3. Xac dinh ma tran duong chéo

Goi ¢' la ma tran chuyén cla ¢, ti phuong trinh
(10), ta dugc cac ma tran dudng chéo:

M =¢'Mp;, C'=¢'Cp; K'=¢'Kp va P'=¢'Pp (11)

~V‘| M’, C’, K’ va P’ la cac ma tran dudng chéo, nén

moi phuang trinh (7) va (8) déu dudgc phan tich thanh
hai phudng trinh vi phan thudng sau day:

M}, G, +Cj,q,+ K}, q, = P,

.. , . , , 12
M, 4, +Cq,+Kyq, = P, (12)

4.4. Giai cac phuong trinh vi phan (12)

Sau khi chuén héa ma tran, méi phuong trinh (7),
(8) trd thanh hai phuong trinh vi phan thusng. Cé thé
giai cac phuong trinh d6 theo phuong phap New-
mark’s nhu sau:

4.4.1. Cac budc ctua phuong phap Newmark’s

Xét phuang trinh:

m(t)g(t)+ c(t)q(t) + k(t)q(t) = p(t)

Trong méi budc thai gian t, cé tinh dén sy lién
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tuc cla phuong trinh chuyén déng, bao gém:
m(t;), c(1; ), k(t;). p(t;), q(1;). 4(1;), At va tim dich
chuyén ciing nhu van t6c clia budc thdi gian tiép theo,
bao gém q(t.,,)va q(t;,,).

Phudong phap Newmark’s - mét phuaong phap budc
thgi gian, dugc tinh dén nhiing diéu kién sau day cla
phuadng trinh:

Trong dé, y va B - Cac tham s6 dac trung cho su
tang téc va sy 6n dinh sau mdi budc thai gian. Gia s
sy tang téc sau mbi budc thdi gian la khéng déi. Theo
[3] lva chon:y=0.5va 3 =0.25.

Th tuc clia phudng phap Newmark’s nhu sau:
p(t)—cq(t,)—k(t,)q(t;)

m(t;)

Buc 2 k=k(1,) + ﬁc(w ; (Z " m(t,)

Budc 1: 4(t;)=

A 7
Budc 3. a= ﬁAtm(ti)+ﬂc(t,)

N e 7 _
va b= 2ﬂm(:,)+ Ar(zﬂ 1](:(4.)

Budc 4: Ap=Ap(1;) + aq(t;) + bi(1;)

A
Budc 5: Aq = 15

3 . 4 V. v o).
- Ag= —Aq — —q(t.)+ At| 1—-—|G(t.
Budc 6: Aq Y q ﬂq(’) [ 2ﬂjq(,)
Budc 7: Cap nhat
q(ti+1)= q(ti)+ Aq’ ‘?(tiﬂ):q.(ti)'*' Aq.*

4.4.2. Gidi véc to riéng

S{ dung phuong phéap lap dé tim véc to riéng cho
ma tran M va K, cac thid tuc nhu sau:

Budc 1: Khdi tao véc td riéng x, Ging vdi tri riéng A;;

Budc 2: Tinh gan dung véc ta riéng ti€p theo

X =K Mx,

Budc 3: Tinh gan dung tri riéng

=T
A0+ Xju M,

—T —_—

xj+lij+l

X
Budc 4: Tinh x;,, = ————
XM X,
’/11'“ Y

Budc 5. Néu g < muc cho phép thi trg lai

Jj+l

X,.1; ngudc lai vé buéc 3.

5. K&t luan

Bai bao xay dung dugc modt md hinh, thiét 1ap dugc
phuong trinh dong lyc hoc dé mé ta hanh vi clia can
cau thap khi né hoat dong. Bén canh dé, bai bao ciing
da chi ra hudng giai quyét cac phuang trinh dong luc
hoc. M6 hinh nay c¢6 thé ti€p tuc phat trién cho muc
dich gido duc, chang han nhu chuong trinh dao tao
cho cac nha khai thac can c4u, hoic tai liéu cho sinh
vién. D& c6 thé dat dugc muc tiéu nay, doi hdi cac
nha khai thac ciling nhu nhan vién van hanh can c4u
phai hiéu biét sau hon niia vé hanh vi clia can ciu.
Gidi bai toan mo6 phdng trén mo hinh nay sé gilp cac
nha diéu hanh hiéu sau séc sy hoat dong clia can

céu, gép phan lam cho can cau thap hoat dong hiéu
qué va an toan hon O
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: XUAN CANH

Thtonm whton

Thién nhién xa hdi hoa dong
Ra dady thudng thitic vo cing song vui
Tudi gia dao cdnh ngdm troi
Nguoi xe qua lai, cho doi vui ldy
Sw doi co rii cé may
Ty minh tim kiém nhitng ngay giia thu
Kl ;.. : ;i b
Biét cdch song dep, tha ho dai lau
Tinh hoa chdt loc mai sau

Pikc luu quang dé danh sau huéng phan.
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