NGHIEN CUU - TRAO DOI

PHAN TiCH DAO PONG CUA TAM PANEL HOP HINH CH(F NHAT

VIBRATION ANALYSIS OF RECTANGULAR BOX-PANEL PLATE

TS. Bui Vian Binh
Truong Pai hoc Pién luc

TOM TAT

Khi thiét ké cdc két cdu, viéc tinh todn tan sé dao dong riéng, du bao dang dao dong nham
gidm thiéu s cong hwong, giam trong lwong ciia két cdu la van dé dwoc quan tdm hang dau. Bai
bdo trinh bay két qua tinh todn tan sé dao déng, dang dao dong tir do, phan tich ddp g do vong
tike thoi ciia tam hop co mat cat hinh chit nhat (mat cat dang hop kin) lam bzfng vdt lieu composite
soi cac-bon T700. Anh hwdng cia géc soi dwoc khdo sat cho bai todn dao dong riéng va bai todn
dao dong turc thoi duoi tac dung cua luc va ddp. Thudt toan va chuong trinh tinh dwoc viét bdng
Matlab dwa trén Iy thuyét tam bdc nhat Reissner-Mindlin, sir dung phan tir dang tham sé 8 niit, moi

niut co 5 bdc tu do.

Tir khoa: Tdam hinh thang; Vat lieu composite;, Dao dong tw do, Dang dao dong, Phuong
phdp phan tir hitu han.

ABSTRACT

While designing structures, the natural vibration frequency of the structure and predicting the
vibration pattern to minimize resonance and reduce the weight of the structure is the most important
problem. This paper presents some numerical results of free vibration, mode shape analyses and
transient analysis of the box panel plate (closed box section) made of T700 carbon fiber composite
material. The effects of fiber orientations in the free vibration and the transient vibration under the
effect of impact force were investigated. The Matlab programming using eight-nodded rectangular
isoparametric plate element with five degree of freedom per node based on Reissner-Mindlin plate

theory was built to solve the problems.

Keywords: Box panel plate; Composite material; Free vibration;, Mode shape,; Finite

element method.
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1. PAT VAN PE

Vit liéu composite 16p ngay cang dugc
sir dung rong rai trong doi song va trong ky
thuat vi cac dac tinh dac biét cia nd so voi cac
loai vat lidu khac nhu kha niang chdng radar,
giam thiéu cac anh hudng cua trudng dién tu,
trong lugng nhe, dé dang gia cong cac hinh
dang phirc tap bang phuong phap thi cong, ...
Tinh toan dao dong, du bao dang dao dong cua
két cau 1a mot trong nhitg mdi quan tdm hang
dau ctia cac nha khoa hoc, nha san xuét. Nhiing
nim gan ddy, nhiéu nghién ctru vé tng xir co
hoc cua cac két ciu tAm c6 hinh dang hinh hoc
dic biét nhu vat, xién, chéo va cac tim dang
panel hop di dugc cong bd véi nhiéu cach
tiép can ca vé 1y thuyét va thyc nghiém. Nam
2015, Mohri va cac cdng su da trinh bay viéc
sir dung md hinh phan tir ddm 3D dé nghién
ctru 6n dinh ctia ddm thanh moéng c6 mat cat
ho chiu bién dang xodn 16n trong tai liéu [1].
Nam 2016, O’Boy va cac cong su [2] st dung
ly thuyét Rayleigh-Ritz phén tich dao dong ciia
tdm hinh chit nhat véi rdnh phan bd theo quy
luat lily thira & gitra tAm, két qua phan tich cho
thiy hiéu qua cua cac ranh dén viéc giam rung
dong két cu cia tdm. Nam 2024, Bagheri va
cac cong sy trong [3] trinh bay nghién ctru dao
dong tu do trong mat phang cua cac tim hinh
chit nhat dudi cac diéu kién bién khac nhau
bang phuong phap Riley-Ritz cai tién. Nghién
ctru cho thay tac dong cuia sy thay doi thong sé
hinh hoc dén dao dong tu do cta cac tam hinh
chit nhat, mang lai nhitng hiéu biét quan trong
cho céc tng dung k¥ thudt khac nhau. Nam
2021, Eftekhari trong [4] trinh bay dé xuat phat
trién phan tir dam 1D dé giai bai toan dao dong
tr do ciia tim mong va day hinh chir nhat. Tac
gia dé xuat trudc tién don gian bai toan tim ban
dau thanh hai bai toan dam don gian, mdi bai
toan sau d6 dugc roi rac hoa riéng biét voi su
trg gitup cua phuong phap phan tir hitu han mot

chiu. Cac két qua tinh toan s6 da duoc thuc
hién cho cac tim c6 kich thuée khac nhau,...
Tai Viét Nam, cic cong trinh nghién ctru vé
loai két cau tAim hop da va dang duoc quan tim
nghién ctru. Bai bao nay trinh bay mot sd két
qua tinh toan sb tan sé dao dong tu do, phan
tich dang dao dong, dap tng tuc thoi cua do
vong ctia tim panel hop c6 mit dang hinh chi
nhat dua trén 1y thuyét tAm bac nhat lam bang
vat liéu composite sgi cac-bon T700.

2. THIET LAP CONG THUC PHAN TU
HUU HAN

2.1. Co s6 ly thuyét
Theo Reissner-Mindlin [5], cac thanh

phan chuyén vi u, v, w cua tam dugc biéu dien
nhu sau:

u u, +z0. ) 6_w+¢
V=1V, + 20, ¢ véi {Hx}— gx (1)
w w, g

0 oy

Trong do: u,, v, va w la cac thanh phan
chuyén vi cia diém trén mat trung binh (z = 0)
theo cac phuong x, y va z.

0 va Gy lan luot 14 gbc xoay cua phap
tuyén mat trung binh quanh céc truc y va x.

2.2. Xy dung cong thirc phan tir hiru han
Bing viéc sir dung phan tr dang tham
s0 8 nit, moi nit ¢6 5 bac tuy do, cac chuyén

vi cua diém bat ky cua mat trung binh ctia tam
duogc xac dinh:

3 3 3
Uy = Zl: "Vf(‘f: ﬂ)'ur’; Vo= ZI:‘N;' (‘f:’;‘)'vr‘ W= Z;.‘Nr‘(‘f:q)'“"f;

8 8
0,=Y N.m.6,:6,=> N(.n).b,: )
=] i=1
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N, (& n) 1 cac ham dang cta phan tir
ding tham sd 8 nut trong hé toa do phan tir (&, ).

Ma tran d¢ cing phﬁn tir duoc xac dinh
nhu sau:

[l = [ ([B] 1Bl

Phuong trinh dao dong tu do khong can
cua két cau dugc x4c dinh 1a:

[M 11} +[K]{uj = {0} 4)

Trong do:{u},{iifla véc-to chuyén vi
nut, véc-to gia toc cua chuyén vi nut trong hé
toa do tong thé; [M], [K] lan luot 1a ma trdn
khdi luong, ma trdn d§ cung trong hé toa do
tong thé.

3. KET QUA TiNH TOAN SO
3.1. Poi twong khao sat

Xét két cAu tAm panel hop lam bang vat
liéu composite 16p, kich thudc nhu Hinh 1.

Ofr % X

Hinh 1. Tam composite panel hp

Trong d6: a = 0.6 (m) b =1 (m); tim
g6m 20 16p comp051te moi 16p co do day lat=
1.5 (mm) ¢6 cau hinh goc soi 1éch tryc 1a [9/-
0], va cAu hinh dung truc 1a [90°/0°],, (ky hi¢u
1a 6 =90°).

Vit liéu composite dugc khao sat 1a
composite cot sgi cac-bon T700 c6 co tinh nhu
trong Bang 1.

Bang 1. Co tinh vdt lieu composite cot soi
cac-bon T700.

(GPa) | (GPa) | (GPa) “» n | (kg/md)

230 40 24 026 | 04 1800

Piéu kién bién duoc khio sat trong
truong hop: ngam tai cac canh x = 0, cac canh
khac tu do.

3.2. Khio sat anh hwéng ciia cdu hinh géc
soi composite

Dé khao sat anh hudng cta cau hinh
goc soi composite dén tan sb dao dong, dang
dao dong, dap ung do vong tic thoi cia tAm,
bai bao xét tim c6 cau hinh goc soi [0°/-6°],
khi 6 = 30°, 45°, 60° (ky hi¢u Ia teta30, tetad5
va teta60) va [90°/0°], (ky hiéu la teta090);
Két qua tinh todn nim tan s6 dao dong dau tién,
nim dang dao dong dau tién tvong tmg duoc
trinh bay trén Hinh 2, Hinh 3 va Hinh 4.

Teta090

Hinh 2. Anh huéng ciia cdu hinh goc soi dén tan
50 dao dong riéng
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Nim dang dao dong dau tién twong ing
v6i cac truong hop khi cdu hinh géc soi léch
truc [45°/-45°],, va goc soi dung truc [90°/0°]
dugc trinh bay trén Hinh 3 va Hinh 4.

-deoeos

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 3. Nam tan sé dao dong riéng dau tién khi

0 =45°
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 4. Nam tan s6 dao dong riéng dau tién khi
0 =90°

Pé khao sat anh huong cua cdu hinh
goc soi dén dap ung d6 vong tirc thoi, bai bao
xét tim chiu tac dung cua tai trong va dap co
so d0 tai trong nhur Hinh 5: luc va dap tac dong
vao diém A (Hinh 1), thoi gian tic dong 13 0.01
gidy. Pap ting do vong cua diém B (Hinh 1)
duoc do trong khoang thoi gian 1a 0.25 gidy va
duoc biéu dién trén Hinh 6 tuong tmg véi cac
cAu hinh gbc soi 1a teta30, teta45 va teta60 va
teta090.

E(t)
Fo

t (giay)
T

Hinh 5. So db tdi trong tdac dong
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.10 =$={cta30 ==leladd
=—=le1a60 —=leta090

Hinh 6. Pdp vmg do vong tirc thoi ciia tam tai
diém B

Nhdn xét:

- Hinh 2, Hinh 3 va Hinh 4 cho thiy
khi cdu hinh goc soi thay dbi, tan s6 dao dong
riéng cua két ciu tim khong thay ddi nhiéu cho
ca hai trudng hop ciu hinh composite diing
truc va léch truc. Tan sb dao dong riéng cua
cac két cau tdm c6 céu hinh dung truc 16n hon
tan s tuong g khi tAm c6 cau hinh 1éch truc.
Diéu d6 ching t6 dic diém vé két cu tim dang
panel hop da 1am giam anh hudng ciia cdu hinh
gdc soi.

- Hinh 3, Hinh 4 cho théy, nam dang
dao dong dau tién cia cac tim tuong tng véi
cac truong hop tuong tu nhau. Trong do, dang
dao dong th nhat 1a uén, thi hai 1a xoén, thu
ba 12 udn, thir tu 1a dao dong ngang va thir nim
la dao dong cuc bo cua cac tAm thanh phﬁn.

- Hinh 6 cho thdy tdm c6 c4u hinh goc
s¢1 ding tryuc (teta090) c6 do vong l1a nho nhét
so voi cac truong hop khac trong truong hop
bai bdo da khdo sat.
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4. KET LUAN

Bang viéc st dung phuong phap phan
t&r hitu han dua trén 1y thuyét tim bac nhat, bai
bdo da xay dung dugc thuat toan va chuong
trinh tinh toan s bang Matlab dé khao sat dao
dong tu do va dao dong tirc thoi ctia tAm panel
hop 1am bang vat liéu composite soi cac bon
T700. Thong qua cac két qua khao sat s6 cua
nghién ctru, c6 thé dua ra mot sé két luan nhu
sau: hinh dang hinh hoc ciia tim panel hop lam
suy gidm anh hudng cua cac goc sgi composite,
dang dao dong cua két cau tam loai nay rat phirc
tap dac biét 1a & cac mode dao dong 16n. <

Ngay nhan bai: 12/4/2024
Ngay phan bién: 14/5/2024
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