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Tom tit

Bai bao nay trinh bay viéc tinh toan dao déng cua
hé cau truc, trong qué trinh dich chuyén cac tdi
trong, khi ca dam chinh va xe toi dich chuyén
cung lic, trong dé ¢6 ké dén khoi lwong ciia moc
cau - rong roc. Pau tién, mét mé hinh dao dong
dd dwoc d@é xudt, viéc thiét ldp phwong trinh vi
phan chuyén déng cho mé hinh nday dwoc thuc
hién bang ap dung phuong phdp Lagrange. Viéc
gidi hé cdac phuong trinh vi phan dwoc thuc hién
bang phuong phép tinh todn sé. Cac két qua thu
duge la dao dong cua tdi trong va méc cdu trong
qué trinh védn hanh cua cau tryc.

Tir khéa: Cau truc, dao dong, déng luc hoc.
Abstract

This paper presents the calculation of vibration of
the cranes during moving loads when both the
main beam and the trolley move simultaneously.
There, Including the weight of the suspension
hook - pully. The first oscillation model was
proposed; the formulation of dynamic equations
for this model is done by the Lagrange method.
We will obtain a system of ordinary differential
equations and partial derivative differential
equations. Solving the system of differential
equations is done by numerical methods. The
results obtained are the oscillation of load and
oscillation of suspension hook - pully during the
operation of the cranes.

Keywords: Crane, vibration, dynamics.

1. Mé dau

Cau tryc 1a mot thiét bi duoc st dung phé bién
trong cac xudng san xuit dé nang ha, dich chuyén
céc vat c6 khdi luogng I6n. Trong qué trinh van hanh,
viéc dich chuyén dam chinh va xe toi cung ldc, s&
giam thoi gian di chuyén vat nang dén vi tri mong
mudn. Tuy nhién, néu sy van hanh khong hop ly s&
din dén tai trong dao dong, diéu nay, ngoai viéc co
thé s& mat nhiéu thoi gian hon ma con gy nguy
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hiém cho nguoi van hanh. Do dé, viéc thiét ké cac
quy luat diéu khién hop ly nham giam dao dong cho
tai trong la rat can thiét. Mudn vay, viéc tinh toan,
phan tich dong lyc hoc cau truc phai dwoc thuc hién
trude tién. Pa c6 nhidu cong trinh duogc cong bd lién
quan dén hé cau truc [1, 2, 3, 4, 6], & do, cac tac gia
tap trung vao nghién ctu vé dong luc hoc va diéu
khién cho cau tryc 2D va 3D. Tuy nhién, trong cac
cong trinh d6 hau hét bo qua khdi lwong cua méc cau
dan dén mé hinh dao dong thu duoc la cac hé 2 bac
ty do va 4 bac ty do. P4i véi cac truong hop tai
trong lon, didu nay c6 thé chap nhan duoc, trong mot
s truong hop tai trong khong quéa Ion va khéng
dugc mac truc tiép vao méc cau, thi khéi lwong méc
CAu - rong roc ciing it nhidu anh huong dén qué trinh
van hanh.

Trong nghién ctru nay, tac gia tap trung tinh
toan dao dong cua hé cau truc khi ddng thai dich
chuyén ca dam chinh va xe toi. Trong d6, co ké
dén khéi lwong cua moc cau - rong roc, day 1a co
s& dé thiét ké cac quy luat diéu khién hop 1y, tao ra
sy 6n dinh va chinh xic cao hon trong qua trinh
van hanh cau tryc.

2. Thiét lap phwong trinh vi phin dao dong caa
ciu truc

Xét mé hinh dao dong cua cau truc duoc cho nhu
trén Hinh 1. Trong d6, dam chinh cau truc dugc xem
nhu vat ran chuyén dong tinh tién dudi tac dung cua
luc Fp, dam c6 khdi lwong mp, chiu tac dung cua
phan tir can vai hé s by, xe toi duge coi nhu mot
chat diém c6 khdi lwong my, chiu tac dung cua luc Fy
doc theo truc dam chinh, phan tir can dat 1&n xe toi
¢6 do can br. Cum moéc cau - rong roc va tai trong
cling dwoc coi nhu cic chit diém véi khéi luong
tuong ng 12 my va my. Goi |y 1a chiéu dai day cap
ndi tir xe tdi téi cum méc cau - rong roc, Iz 1a chiéu
dai day ndi tir vat nang téi méc cau. Tir hinh vé cho
thiy, co hé c6 6 bac ty do, ta chon hé toa dé suy rong
dula: gi =Xo; G2 =Yt 03 = c1; Qs = f1; U5 = a2y Q6 =
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[. Trong d6, Xy 1a dich chuyén cua dam chinh, y; 1a
dich chuyén cua xe toi doc truc ciia dim chinh, oy va
[ 14 goc lac cua day cap ndi tir xe toi téi cum méc
CaU - rdng roc, az Va 3 1a goc lic cua day treo tir tai
trong tGi cum moc cau - rong roc. Khi d6 dong ning,
thé nang, ham hao tan dugc xac dinh nhu sau:

Hinh 1. Mé hinh dao déng ciia can truc 6 bdc tw do

Dong nang cua hé:

T =2+ m (G +60)+
oMo m g i) O
Trong dé:

X, =0, +1,cosq,sinq,

Ya =0, —l;sinq, (2)
z, =—l,cosqg, cosa,

Xg = X, +1, C0S Sinq,

Ye = Ya— |2 sin Qs (3)
z, =2, —1,c0s0, COSQ;

Thé ning cua co hé:

IT=-mgl, cosq, cosq, —

4
m,g(l, cos g, cosq, + 1, cos g, cosg) @)
Ham hao tan:
1, 1
@ =§bnqlz +£th§ ()

Céc lyc suy rong cua cac e hoat dong khong thé:
Q=FR.Q=FR, Q=00Q,=0,
Q =0,Q; =0

Thay cac biéu thire dong nang, thé ning, ham
hao tan vao phuong trinh Lagrange loai Il [8]:

(6)

d(eT) ot g
a[a_qj—a—%_—a—%——,gq, (=16

Ta dugc hé 6 phuong trinh vi phan mé ta dao
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dong cua cau truc dich chuyén tai trong trong khdng
gian c6 dang:

M(q)4+C(a,9)+G(a)=U() 8)
Trong do:
[ ql i _mll o m13 m14 m15 rnlﬁ ]
qZ O m22 0 m24 O m26
q m 0 m 0 m, m
q — 3 ,M(Q) — 31 33 35 36 ,
q, m, my, 0 My Mg My
q5 m51 o m53 m54 m55 O
| Y | [ Mgy Mg Mgz Mg, 0 Meg
¢ | 9, ] R,
CZ gZ F[
. c g; 0
C@a=| °|.G@=| |, uw)=
C4 94 ® 0
Cs g5 0
1 G | L 9 | 1 0]

Vai:
m, =m,+m+m +m,, m,=m,=(m+m),.CC,,
m, =m,, =—(m +m,)IS,S,
ms =m, =ml,C.C,, m, =m, =-m,,S,S;,
m, =m +m +m,,
m,, =m,, =—(m +m,)L,C, my =m,, =-m,,C;
m,, = (m, +m,)I’CZ,
m,, =mg, =m,l,1,C,C, (C,C, +S,S;),
My, =M, =-M,L1L,C,S,(C,S; -S,C;)
m,, =(m+m)l’, m =m, =m,11,8,C,(C,S, -S,C,)
m, =mI2C2, m, =m,IZ,
m,, =My, =myl1,(C,C, +C,C.S,S, +5,5,5:S,).
¢, =h,, — 45 (m, +m,)L.C,S; —G; (M, +m,)LC,S; —
~(Gg +dg)m,1,C,S; ~
—20,6, (m, + m,)L,C,S, —24.4,1,m,C.S,

C, = btqZ +q§ (ml + m2)|184 +q§|2m286
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¢, =-1,C,[26,4,(m, +m)IS, +
+G2m,1,C, (C,S, - S,C.) +
+G2m,1,C, (C,S, - S,C.) +
+26,G4,m,1,S, (C,C; + S,5;)]

C, = Q32 (m, + m2)I1284C4 - q§|1|2m284ce +
+(4Z +62)m,1,1,C,S, cos(q, — ;) +
+205Gsm,1,1,S¢S, sin(d; — )

G = _mzlzce [zqs%lzse -
_(%2 + qf)l1c4 (C3$5 - S3C5) +
+2q3q4|184 (C3C5 + 5355)]

Ce = Izmz[qszlzcess 'qfllces4 +
+(4Z +¢5)I,C,S, (C,C, +S,S,) +
+2q3q4|18456 (CBSS - S3C5 )]

9,=0, 9,=0, g, =(m +m,)gl,C,S,,
g9, =(m +m,)glC,S,,

95 =m,gl,CsSs, g5 = m,gl,CsSq

dua vao cac

Trong d6 ta ky hiéu:

C, =cosq;, S, =sing,, (i=3 4, 5, 6)

Hé (8) 1a hé cac phuong trinh vi phéan phi tuyén,
dé giai cac hé nay ta phai sir dung cac phuong phap
sb. Trong cong trinh ndy, tac gia sir dung thuat toan
Newmark [7] tim nghiém cta phuong trinh vi phan
phi tuyén (8). Viéc xay dung chuong trinh tinh toan
dugc thuc hién dua trén ngbn ngit lap trinh
MATLAB®, dudi day 1a mot sé két qua tinh toan.

3. Céc két qua tinh toan sé

Dé tinh toan sb, ta cho gi4 tri cua cac tham sb
nhu sauw: | = 28(m), I = 5(m), l, = 2(m), my =
15730(kg), m = 2200(kg), m; = 180(kg), m, =
1000(kg), by = 1400(Ns.m), b;= 200(Ns.m).

V6i cac sb liéu nhu trén sau khi tinh toan ta dugc
mot s két qua duogce cho trong cac Hinh 2 dén 5. Tir cac
hinh v& cho ta thdy, khi van hanh cau tryc, viéc ding
dam chinh va xe toi mot cach dot ngot khi dén vi tri
mong mudn s& lam cac day cap dao dong tir do ciing
dam cho dam va xe toi dich chuyén theo, diéu nay s&
lam giam hiéu suat van hanh, va gay nguy hiém cho
ngudi st dung. Dc biét, tir cAc Hinh 4 va 5 cho ta thay,
dao dong cua day cép toi va day treo tai trong hoan toan
khéc nhau, didu ndy chung to khdi lugng cia cum méc
CAu - rong roc ¢6 anh hudng dén viéc van hanh cua can
truc. Do d6, can thiét phai c6 mot ky thuat didu khién
phti hop dé nang cao hiéu suat khi van hanh cau tryc.
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Hinh 2. Dich chuyén ciia dam chinh cdu truc
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Hinh 3. Dich chuyén xe toi
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Hinh 4. Dao dong cuaa day cap toi:

a) goc ldc a1, b) géc ldc pu
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Hinh 5. Dao djng ciia day treo tdi trong:
a) goc lac az, b) goc lic B

4. Két luan

Trong nghién ciru nay, tac gia da tap trung tinh
toan dao dong cua hé cau truc, trong d6 c6 ké khoi
lwong caa cum chi tiét moc cau - rong roc. M6 hinh
dao dong thu duoc 1a hot hé ¢ 6 bac tu do. Dé thiét
lap phwong trinh vi phan chuyén dong, phuong phap
Lagrange da duwoc sir dung, khi d6 thu dugc hé 6
phuong trinh vi phan phi tuyén. Viéc giai hé phuong
trinh nay nay dugc thuc hién bang phuong phap tinh
toan sb. Cac két qua thu duoc 1a dich chuyén dam
chinh cau truc, dich chuyén cua xe toi, dao dong cua
day cap toi va dao dong cua day treo tai trong. Cac
két qua tinh toan nay s& 1a co s dé thiét ké quy luat
diéu khién cho cau truc nham giam dao dong cua
dam chinh va dao dong xe toi khi ding khoi dong ¢
vi tri mong mudn dong thoi ciing giam dao dong cua
tai trong, tir 46 nang cao duoc hiéu suit van hanh cua
cAu truc.
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