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ANH HUONG CUA LO KHOET PEN DAO PONG TU DO TAM XIEN
LAM BANG VAT LIEU COMPOSITE

EFFECTS OF INTERNAL CUT-OUT ON FREE VIBRATION OF SKEW COMPOSITE
PLATE

TS. Bui Vin Binh
Truong Pai hoc Dién luc

TOM TAT

Cdc tam xién composite ¢é nhiéu ting dung trong ky thudt nhw sie dung trong viéc ché tao
canh, dudi va vdy ciia mdy bay, tén lira va cdc mdy bay khéng nguwoi ldi,... Mot s6 phwong phdp
duwoc ding dé nghién citu dao dong cia tam xién nhw phwong phdp Rayleigh-Ritz, phiong phdp
chudi, phwong phdp phan tir hitu han,... Bang phwong phdp phan tir hitu han, bai bdo nay trinh bay
két qua tinh toan tan sé6 dao dong, dang dao dong tu do cua tam xién cé khoét 16 lam bdng vat liéu
composite. Anh hwong cua vi tri 16 khoét, kich thuée 16 khoét ciia tam dwoc khdo sat. Thudt todn va
chwong trinh tinh dwoc viét bang Matlab diea trén Iy thuyét tam bdc nhdt Reissner-Mindlin, sir dung

phan tir dang tham sé 8 mit, méi nit c6 5 bdc tw do.

T khéa: Tdam xién composite; Dao déng tir do; Dang dao dong; Phirong phdp phan tir

hiru han.
ABSTRACT

The skew plates have wide range of engineering applications such as construction of wings,
tails, and fins of swept-wing aircrafts, missiles and unmanned aerial vehicle, ... Several methods were
used to analyze the vibration of skew plate like Rayleigh-Ritz method, series method, finite elemant
method, ... This paper presents some numerical results of free vibrations and mode shape analysis
of the skew laminate composite plate with a internal cut-out using finite element method. The effects
of position and geometry of the internal cut-out were considered. 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: Skew composite plate; Free vibration; Mode shape, Finite element method.
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1. PAT VAN PE

Van d& dao dong ciia canh gié may bay,
tén Itra, may bay khong ngudi 14i,... luon la
mot trong nhitng mbi quan tdm hang dau cia
cac nha khoa hoc, nguoi thiét ké cac thiét bi
bay khong ngudi 1ai. Cac 16 khoét trén céac loai
tdm nay thudng duoc thiét ké dé lap dat cac
thiét bi phu trg hoac dé lam giam trong lugng
cua chung. Vat liéu composite 16p thuong duoc
su dung dé ché tao vi cac dic tinh dic biét cua
nd so voi cac loai vat li¢u khac nhu kha nang
chdéng radar, giam thiéu cac anh huong cua
truong dién tir, trong lugng nhe, dé dang gia
cong bang phuong phap thu cong,. ..

Nghién ciru vé g xtr co hoc cua cac
két cdu tAm xién composite dd dugc cong bd
v6i nhiéu cach tiép can khac nhau. Nam 2018,
Zhang va cac cong su [1] da sit dung mo hinh
theo Hecky dé phan tich dao dong cta cac tim
hinh chir nhat véi cac 16 khoét hinh chir nhat.
Nam 2019, Kasar va cac cong su [2] da st dung
phan mém cong nghiép dé tinh toan ung suit
clia tAm composite 16p v&i cac loai 16 khoét
khéc nhau.

Trong nam 2020, nhiéu cong trinh
nghién ctru lién quan dén tinh toan Gmg xur co
hoc cua cac két cAu tAm c6 va khong c6 khoét 16
da dugc cong bd. Askari va cac cong sy [3]dasu
dung phuong phap giai tich két hop véi phuong
phap sb gan ding dé phan tich dao dong tu do
clia tAm véi cac 16 khoét 1éch tdm. Chaubey va
cac cong sy [4] phan tich anh hudng cta nhidu
16 khoét dén 6n dinh ctia vo composite bang
phuong phap phan tir hitu han. Maharudra va
cac cong su [5] nghién ciru vé viée xac dinh tai
trong gi¢i han mat 6n dinh ciia tim composite
hinh thang bang phwong phap phan tir hiru han.
Trong d6, anh hudng cta cac tham sé hinh hoc
16 khoét, diéu kién bién va goc soi composite

ctia tim da duoc trinh bay. Chandra va cic cong
su [6] da nghién cuiu anh hudng cua vi tri tai
trong dén diac tinh mat 6n dinh va dao dong cua
tam composite voi 16 khoét hinh tron,...

Tai Viét Nam, ciac cong trinh nghién
ctru vé loai két cau nay da va dang dugc quan
tam nghién ctru. Bai bao trinh bay mot sb két
qua tinh toan sb tan sé dao dong tu do, phan
tich dang dao dong cua tdm xién composite co
khoét 16 dya trén 1y thuyét tAm cua Reissner-
Mindlin khi thay dbi cac tham s6 hinh hoc, vi
tri cac 16 khoét.

2. THIET LAP CONG THUC PHAN TU
HUU HAN

2.1. Co s6 Iy thuyét

Theo Reissner-Mindlin [7], cac thanh
phén chuyén viu, v, w clia tim duoc biéu dién
nhu sau:

u(x, y,2) = (%, y) + 26,(x, y)

v(x,y,2) = vy (%, y) +20,(x, y) (1)

w(x, y,2) = wy(x, )

~ Trong d(’):ﬂ u,, v, va w, la cac thanh phan
chuyén vi cta di€m trén mat trung binh (z = 0)
theo cac phuong x, y Yé z; 0 va 0y lan luot 13
g6c xoay cua phap tuyé€n mat trung binh quanh
cac truc y va x.

2.2. Xay dung cong thirc phén tir hitu han

Theo 1y thuyét tim nhiéu 16p [8]: luc
mang {N}, mé-men uén{M}va luc cit{Q}
duoc xac dinh bang tich phan tmg suét theo do
day cua tim va duoc xac dinh nhu sau:

vy (L] 18] 1] |[{e)
pryi=|[8] [2,] (0] f{{x) b
@ T o[£
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Trong do:
([A"/J’[BUJ’[DU]):kilhf:([Q;/]k)(l’Z’Zz)dZ
voii,j=1,2,6 3)
Fl=S l C| Mz voi f =506, i,j=4,5 (4
[ ,,] kzlfh,:[l(l: ”Jk)dz voif b )

Trong d6: n 1a s6 16p composite;
h,_,, h, 1an lugt 13 do cao vi tri ciia mit trén va
mat dudi cua lop tha k; /i Q' J,va[C], la céac
ma tran do cung thu gon cua 16p thu k.

Bang viéc str dung phan tir dang tham
s6 8 nit, mdi nat ¢6 5 bac tu do, cac chuyén
vi ctia diém bat ky ctia mit trung binh ciia tim
duoc xac dinh:

8 8 8
Uy = ZNf(éZ:ﬂ)»”i; Vo = ZNi(5=")-vi - W = ZNi(gy’n)'w'i;
=1 i1 i1

8 g 5
HX:ZNz(é::rI,)GX,: GIZZN!(Q‘:,H)GHD ( )

N. (&, ) la cac ham dang cua phan tir
dang tham s6 8 nut trong hé toa do phan tir (&, ).

Phuong trinh dao dong tu do khong can
cta két cau duoc xac dinh 1a:

[M ]} + [ K ]{uj = {0 (6)

Trong do: {u}, {ii}la véc to chuyén vi

nut, véc to gia toc ctia chuyén vi nit trong hé
toa do tong thé; [M], [K] lan luot 1a ma tran
khéi lugng, ma tran d§ cung trong hé toa do
téng thé.

3. KET QUA TiNH TOAN SO
3.1. DPéi twong khao sat
Xét két cau xién composite 16p c6 khoét

16 & trong tAm v&i hinh dang va kich thudc nhu
Hinh 1.

h

b

o X

Hinh 1. Tam xién composite I6p ¢6 khoét 16

Cac kich thuéce: H = 0,7 (m); L = 0,6
(m); gbc xién 1a o (d9); tim day t =1 (cm) gdm
5 16p composite co cu hinh gbc soi lech truc
13 [459/-45°/ 45%/-45° 45°], (6 = 45°). Piéu kién
bién: ngam tai canh c6 x = 0, cac canh khac tu
do. Vat liéu dugc khéo sat 1a vat liéu composite
cdt vai ¢6 co tinh nhu trong Bang 1.

Bang 1. Co tinh vdt liéu composite cot vai

E =E,(GPa)  E,(GPa)

G,,=G;=6G,, (GPa) ) v

p (kg/m’)

63.8 9.67 4.14

0.064 0.32 1523
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Céc truong hop duogc khao sat voi goc
xién o = 30°:

Truong hop a b 1 h
TH1 VTI11 0.1 0.1 0.1 0.1
TH1 VTI2 0.1 0.1 0.3 0.1
TH1 VTI13 0.1 0.1 0.4 0.1
TH2 VT3l 0.2 0.1 0.2 0.1
TH2 VT32 0.2 0.1 0.3 0.1
TH2 VT33 0.2 0.1 0.2 0.2
TH3 VTol 0.2 0.2 0.1 0.1
TH3 VT62 0.2 0.2 0.2 0.1
TH3 VT63 0.2 0.2 0.3 0.1
TH4 VT8I 0.4 0.2 0.1 0.1

3.2. Dao dong tu do ciia tim
3.2.1. Khdo sdt anh hwéng ciia vi tri 16 khoét

Pé khao sat anh huong cua vi tri 16
khoét dén tan so6 dao dong cia tam, bai bao xét
ba truong hop voi kich thudce 10 khoét khac
nhau:

Truong hop 1: gébm c6 THI VTII,
TH1_VTI2 va THI_VTI3.

Trudng hop 2: gom c6 TH2 VT3I,
TH2 VT32 va TH2 VT33.

Truong hop 3: gom co6 TH3 VT6l,
TH3 VT62 va TH3_VT63.

Két qua tinh toan nim tan sd dao dong
dau tién duoc so sanh va trinh bay lan luot trén
Hinh 2, Hinh 3 va Hinh 4. Nam dang dao dong
dau tién twong tng cac trudng hop THI VTI13,
TH2 VT33 va TH3 VT63 dugc trinh bay trén
Hinh 5, Hinh 6 va Hinh 7; va truong hop 4
(TH4 VTS81) trén Hinh 8.

6 (Hz)

Tan s6

Tinsd 3 4 Tinsd 5

Tin

100
) III
, HEN
Tinsé1 Tins82
W THI_VT

WTll ®THI_VT12 & TH1_VT13
Tan s6 thi (i)

Hinh 2. Anh hieong ciia vi tri 16 khoét dén nam tan
80 dao dong riéng dau tién trong truong hop 1

00
750
200
150
100
o HEMN
1 2 1 4 5

ETHZ VT3 WTHI_VT32 mTH2_VT33

Tén s6 thi (i)

Tan s6 (Hz)

Hinh 3. Anh huéng ciia vi tri 16 khoét dén nam tan
80 dao dong riéng dau tién trong truong hop 2

250
200
150
- III ||| ||I
o mMmEN III
1 2 3 s :
®mTHI_VT61 BTHI VIE2 =T

~Thn 6 thit (i)

Téan s6 (Hz)

Hinh 4. Anh huong cia vi tri 16 khoét dén nam tan
80 dao dong riéng dau tién trong truong hop 3

* i@ ie i€ iw

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 5. Nam tan s6 dao dong riéng dau tién ciia
truong hop 1 (THI VTI3)
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- Q@ @ -«

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 6. Nam tan s6 dao dong riéng dau tién ciia
trwong hop 2 (TH2 VT33)

v © € € w

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 7. Nam tan sé dao dong riéng dau tién ciia
truong hop 3 (TH3 _VT63)

DR = R~ SRED D
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Hinh 8. Nam tan sé dao dong riéng dau tién ciia
truong hop 4 (TH4_VT81)

Theo sb liéu trong biéu d6 (Hinh 2,
Hinh 3 va Hinh 4), mot s6 nhan xét:

- Khi so sanh v6i TH1 VTI1: THI
VTI12 va TH1_VTI3 lan luot ting 8,6% va
12,2% & tan s6 thir nhét; giam 5,4% va 6,03%
& tan s6 tht 4; cac tan sb khac chénh 1éch 16n
nhat khoang 2%.

- Khi so sanh vé1 TH2 VT31: TH2
VT32 va TH2 VT33 lan luot ting 15,5% va
7,5% & tan s6 thi nhét; giam 9,8% va 6,2%
& tan sd thir 4; ¢ tan s6 tha 5 TH _VT33 ting
4,6%; cac tan sb khac chénh léch 1on nhat
khoang 3,5%.

- Khi so sanh v&i TH31 VT61: TH3
VT62 va TH3 VT63 lan luot ting 14% va
32,7% & tan s thtr nhét; giam 2,3% va 9,2% &
tan sb thir 4; giam 2,7% va 5,7% & tan sb 5; cac
tan s6 khac chénh 1éch 16n nhét 4%.

Dang dao dong cua cac truong hop lan

luot theo cac tan s6 twong ing khong thay doi,
ngoai trur truong hop tan so thir 5 cua truong
hop TH4 VTSI.

3.2.2. Khdo sdt anh hwéng ciia kich thwéc 16
khoét

Hinh 9 trinh bay két qua phan tich anh
hudng cua kich thudc 16 khoét dén nam tan
s6 dao dong riéng trong cac trudng hop TH1
VT13,TH2 VT33,TH3 VT63vaTH4 VTSI.

S

Tan sb (Hz)

Tan so thix (i)
Hinh 9. Anh hieong ciia kich thuée 16 khoét

Nhan xét:

Cac tan sé trong truong hop THI
VT13,TH2 VT63,TH4 VT8I khi so sanh véi
truong hop TH1 VT13: Tan s6 thi nhét lan
luot giam 6,4%; tang 2,2%; giam 17,9%. Tan
s6 thir 2 1an lugt giam 5,3%; giam 10,3%; giam
27,8%. Tan s6 thir 3 1an luot giam 2,3%; giam
9,7%; giam 10,8%. Tan sd tht 4 1an luot giam
2,8%; giam 10,8%; giam 22,5%. Tan sd thi 5
1an luot giam 0,4%; giam 4,6%:; giam 4,5%.

4. KET LUAN

Bing phuong phép phan tir hitu han,
stt dung phan tir dang tham s6 8 nat, mdi nht
c6 5 bac tu do, bai bdo da xay dung thuat toan
va chuong trinh dé tinh toan dao dong tu do
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ctia tim xién c6 16 khoét lam bang vat liéu
composite 16p. Thong qua cac két qua khao sat
sd cua nghién ctu, c6 thé dua ra mot sb két
luan nhu sau: Tan sb dao dong cua thm xién
chiu anh hudong tuong d6i 16n khi thay dbi kich
thudc 16 khoét va vi tri cac 16 khoét. Dang dao
dong cua két cau tdm xién thay doi khi kich
thudc 16 va vi tri 15 thay doi, dic biét 1a & cac
tan s6 cao. Do d6, khi nghién ctru dao dong cia
cac két cAu tAm xién, chiing ta can phai khao sat
cho timg truong hop cu thé. <
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