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APPLYING ANSYS SOFTWARE TO ANALYSE FREE VIBRATION OF THE BEAM
OF OVERHEAD CRANE
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TOM TAT

Khi tinh toan thiét ké két cdu thép cua dam cdu truc, ngoai viéc dam bao do bén tinh, can
6 thém cdc phan tich dong luc hoc, nhat la dao déng. Mdc dit ¢é nhiéu tac gid nghién ciru cdc mé
hinh Iy thuyét, tuy nhién chira xem xét dén mé hinh thuc té ciia dam. Bai bdo trinh bay phirong phdp
sir dung phan mém ANSYS dé tinh todn déic trung dao déng tir do ciia két cdu thép dam cau truc.
Trong bai bdo nay, két cau dam cau truc dwoc phdn tich theo cdc bwée phéin tich MODAL ciia phan
mém. Két qua phdn tich phuc vu qud trinh thiét ké két cau dam ciing nhw quyét dinh ché dé lam viéc

cua co cau ndang hang cua cau truc.

Tir khoa: Dao dong ciia két cau dam; Péng luc hoc thiét bi ndng; Ung dung phan mém
ANSYS.

ABSTRACT

When designing the steel structure of beams of overhead cranes, in addition to ensuring
static durability, additional dynamic analysis, especially vibration, is needed. Although many
authors have studied theoretical models, they have not considered the actual model of beams. This
article presents the method of using ANSYS software to calculate the free vibration characteristics
of the beams. In this article, the beam is analyzed according to the MODAL analysis steps. The
analysis results serve the process of designing the beam structure as well as deciding the working

mode of the overhead crane's lifting mechanism.

Keywords: Lateral Vibration of Beam; Dynamics of Lifting Machines, Applications of
ANSYS. &
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1. MO PAU

Cau tryc 1a thiét bi ndng dugc sir dung
pho bién trong cac nha xuong, kho bii dé nang
ha, di chuyén cac hang nang c6 khbi luong
va ch1eu cao nang 16n. Ciu tao cau truc gom
két cau thép va cac bo may. Trong do, két cdu
thép chiu toan bo phan tai trong ning. Ngoai
ra, trong qua trinh cac by may lam viéc s€ gay
ra dao dong cho két cdu, nhat 1a cac qua trinh
thay doi tai trong dot ngot. Didu nay c6 thé dan
dén hién tuong dao dong cong huong, ma két
qua c6 thé pha huy két cau cua may. Viéc phan
tich, x4c dinh tdn s6 dao dong riéng cua két ciu
thép 1a can thiét va 1a mot trong nhiing thong
s6 quan trong dé thiét ké két cdu dam ciing nhu
quyét dinh ché d6 lam viéc cua cau truc.

Céc nghién ctru vé dao dong riéng ciia két
cau dam da duoc cac tac gia trong va ngoai nude
nghién ctru vé mit 1y thuyét nhu: [1], [3], [4], cac
tac gia da thiét 1ap phuong trinh dao dong riéng
ciia dim véi cac diéu kién bién lién két khac nhau,
tir do dua ra cac phuong phap giai tim dugc cac
dac trung cua loai dao dong nay.

Pbi voi dang két cdu lién tuc nhu két
cAu dam, cac phén tich s6 vé dao dong thuong
stt dung mo hinh phan tir hiru han. Trong do,
két cau dugc chia ludi thanh cac phan tir lién
két v6i nhau tai cac nit va phan tich theo cac
budce cua phan tich MODAL. Vi phuong phap
phan tich s6, md hinh khong gian cta dam
duoc phan tich bang phdn mém ANSYS cho
phép phéan tich mé hinh sat nhat véi két cau
thuce té va c6 thé mé hinh héa dam cing véi cac
bd phédn tang cing ma trong cac nghién ctru ly
thuyét co ban chua giai quyét.

2. NOI DUNG NGHIEN CcUU

2.1. Co s6 ly thuyét

2.1.1. Xdy dung phwong trinh chuyén dpng
ngang ciia dim

Theo [4], dao dong ngang cuia dam dugc
xem xét nhu hinh 1, trong d6 M(x,t) [a mé-men
ubn, V(x,t) 1a Iyc cit va f(x,t) 1a tai trong phan
bo.
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Hinh 1. M6 hinh dam chiu uén

Phuong trinh dao dong theo phuong z
cua dam dugc tinh theo cong thirc:

2
LV 4 dV) + £t x).dx + V = p.A(X).dX.aaT‘;V(X, 6 (1)

Trong do:

p — Khbi lugng riéng cta vat liéu ché
tao dam;

A(x) — Dién tich mat cit ngang cia
dam.
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Phuong trinh chuyén dong quanh try y
vuong goc voi mat phang ve tai diém O:

(V+dV)dx+f(xt)dxd—X—M 0(2)

(M+dM) -
Theo 1y thuyét mo hinh dam chiu udn
cua Euler-Bernoulli, ta co:

E160. Y

M(x;t) =
ox

— (%) G
Trong do:
E — Mo6-dun dan hoi cua vat liéu;
I(x) — Mo-men quan tinh cua mat cat
dam quanh trucy.

Phuong trinh chuyén dong cua dam
dudi tac dung cua lyc phan bo khong déu nhu
sau:

2 2 2
a—.[E.I( R t)] FpAG) T (1) = £(x, 1) (4)
ox? ox

Vé6i dam co mat cat khong thay doi,
phuong trinh thu gon nhu sau:

4 2

o'w 0w
EL—(x,t) + pA.—(x,t) = f(x,t) (5)
ox* ot

Khi xét dao dong tu do cta dam f(x,t)=
0, phuong trinh (5) viét lai thanh:

o* o?
S (x )+ (x,8) =0 (6)
O0x ot
Trong d6, hang s6 ¢ duoc dinh nghia
nhu sau:

c=,|—~ (7
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2.1.2. Cac diéu kién ban ddau cva bai todn

Phuong trinh chuyén dong (6) gom dao
ham bac hai theo thoi gian, va dao ham bac bén
theo toa do, nén can hai diéu kién ban dau va
bbn diéu kién bién dé xac dinh duoc phuong
trinh w(x, t), cac diéu kién thuong la:

w(x,t=0)=w,(x)

ow ®)
—(x,t=0)=w,(x

= (x,t = 0) = Wy (x)

2.1.3. Gidi tim nghiém cua phwong trinh
chuyén dong

Pé giai phu0’ng trlnh (6), st dung
phuong phap phan ly bién s nhu sau:
w(x, t) = W(x).T(t) )

Thay thé phuong trinh (9) va cac dao
ham cta n6 vao phuong trinh (6), ta co:

2 4 2
¢ AW _ L AT o
W(x)  dx* T(t)  at?

Tt phuong trinh (10), c6 thé viét lai
thanh h¢ hai phuong trinh:

4
dLEX)—B“.W(X) =0 (11)
dx
d°Tt)
+ 0> T(t) =0 (12)
o (t)

Trong do, h¢ ) B dugc dinh nghia nhu
sau:

2

B4 _ (0_2 pAO)
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_ (13)
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Nghiém cua phuong trinh (12) cé dang
nhu sau:

T(t) = A.cosm.t + B.sinw.t (14)

Trong do6, hai hé s6 A, B xac dinh tur cac
diéu kién ban dau.

Nghiém cua phuong trinh (11) dugc gia
thiét c6 dang:

W(x) = C.e™* (15)

Nghiém tong quat ciia phwong trinh dic
trung (15) nhu sau:

W(x)=C, e+ C e+ C.e"?*+ C,e"(16)

Trong do, cac h¢ s6 C; C,; C,; C, va B
la cac hé so xac dinh tir di€u kién bién.

2.2. Ung dung phin mém ANSYS phan tich
dao dong ctia dam

Mic du co thé sir dung cac cong thic
1y thuyét dé xac dinh dic trung dao dong, tuy
nhién két cdu thuc té cia ddm thuong khong
ly tuong ma co sy thay doi vé tiét dién va co
cac b phan ting cudng 6n dinh bén trong bung
dam [2]. Do d0, ta can st dung phuong phép sb
dé phan tich két ciu dam.

Hinh 2. Kich thuéc cia dam cau truc
2.2.1. Xay dung mé hinh dam trong ANSYS

Vit liéu dung cho mo6 hinh c6 céc tham

s6 nhu sau: khdi lugng riéng 1a 7850 kg/m’;
mo-dun dan hoi 14 2,1.10" Pa; hé s6 Poat-xong
140,3.

biéu kién bién lién két ciia dam: hai dau
c0 dinh.

Diéu kién ban dau: dam diémg yén, do
vong ban dau gia thiét bang 0 mm.

2000000

Hinh 3. M6 hinh dam trong phan mém Ansys
2.2.2. Két qud phin tich dao dong bang ANSYS

Bang phan tich MODAL caa ANSYS
¢6 thé tim dugc cac tan sd dao dong riéng cua
dam. Ngoai ra, két qua con cho phép xac dinh
d6 vong cua dam. Cac két qua phan tich duoc
thé hién trén Hinh 4.

Hinh 4. Két qua phan tich tan sé dao dong cia két
cau dam
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Dua vao két qua phan tich v6i dao dong
ngang cua dam, két qua duogc thé hién trén Hinh
4-b. Vi tan s6 o = 18,887 (Hz). Po vong 16n
nhat 1,0013 (mm). V&i hai thong sé nay, ngudi
thiét ké co thé str dung dé quyét dinh kich thudc
mit cit sau khi d4 tinh toan so bd va phan tich
tinh két cAu. Ngoai ra, vi¢c biét tan s dao dong
ctia dim c6 thé tranh dugc hién tugng cong
huong khi thiét ké co ciu nang hang.

3. KET LUAN

Bai bao di 4p dung phan mém ANSYS
xay dung dugc mo hinh phan tich dao dong tu
do cua dam cau truc véi kich thuge thuc. Tir
cac budc phan tich MODAL di tim duoc tan
s6 dao dong riéng cua két cdu, ciing nhu do
vong cua doc theo chidu dai dam khi dim dao
dong. Két qua phén tich giup quyét dinh thong
sO thiét ké ctia dam, ciing nhu quyét dinh ché
dd lam viée cta co ciu nang, tranh hi¢n tugng
cong huong khi cau truc lam viée. %
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