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PHAN TiCH PAP UNG PONG CUA TAM COMPOSITE
NHIEU LOP XOAN OC SU DUNG PHUONG PHAP KHONG LUOI

Pham Quoc Hoa!, Pao Ngoc Piép'*, Luang Gia Huy?

Tém tit:

Tdm composite nhiéu 16p xodn éc (Bio-inspired helicoid laminated composite
- BiHLC) ldy cam hirng tir vt liéu trong tw nhién dang dwoc sir dung ngay
cang réng rdi, di cung dé la yéu cau phan tich cac dic tinh déng cia vit liéu.
Bal bao nay s dung phwong phap khong ludi dé phin tzch dap ung dong cua
tam composite nhiéu 16p xodn oc. Ly thuyét bién dang cdt bdc nhdt két hop
VvOi cdc ham dang duoc xdy dung bang phuong phap Movmg Kriging (MK)
dé thiét Idp phirong trinh chii dao ciia tdm composite nhiéu I6p. Phwong phép
MK c6 nhitng wu diém vieot tréi so véi cdc ky thudt khdc trong phirong phap
khong lwdi la cho phep dp dat truec tiép cdc diéu kién bién ma khéng can xir
Iy b6 sung. Két qua sé chirng minh su tin ¢y va chinh xdc cia phirong phdp
dé xudt trong nghién ciru tinh todn déng luc hoc ciia tam composite.

Tir khéa: Tam composite xodn oc; Pdp vmg dong; Moving Kriging; Ly thuyét
bién dang cat bdc nhat

Abstract:

Bio-inspired helicoid laminated composite (BiHLC) plate, ispired by natural
materials, have found increasing applications, leading to a growing demand
for the dynamic analysis of these materials. This paper employs the meshfree
method to analyze the dynamic response of BiHLC plates. The first-order shear
deformation theory (FSDT), combined with shape functions constructed using
the Moving Kriging (MK) meshfree method, is used to establish the governing
equation of these multi-layer composite plate. The MK method offers significant
advantages over other meshfree techniques, allowing for the direct imposition
of boundary conditions without the need for additional treatments. Numerical
results demonstrate the reliability and accuracy of the proposed method in the
dynamic analysis of composite plates.

Keywords: Bio-inspired helicoidal;, Dynamic response; Moving Kriging,
First-order shear deformation theory
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su, y hoc. Do ¢6 nhiing dac tinh co hoc vuot
trdi hon so voi vat liéu truyén thong nén viéc
nghién cuu Vlec ung dung loai vat heu nay
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1a chu dé duoc cong ddng khoa hoc trong nuée
va qubc té quan tdm, chu trong nghién ciru,
phat trién; trong do, tam sinh hoc composite
nhiéu 16p xoan ¢ dd duoc cac nha khoa hoc
tap trung nghién ctru trong thoi gian gan day.
Eltaher va cong sy (Eltaher et al. 2024) da
nghién ctru cac cu tric xoan dc 1dy cam himg
ttr vo tom bo ngua dé ché tao cac vat liéu hiéu
suat cao v6i do bén co hoc va kha nang chong
va dap tuyét voi. Trong nghién ctru nay, ho su
dung phuong phap phan tir hitu han va phan
mém ANSYS dé nghién ctru ubn tinh va dao
dong tu do cta tAm composite 14y cam himg
tur sinh hoc. Katiyar va cong su (Katiyar et al.
2021) d4 tién hanh thao luan vé cac xu hudng
méi noi trong cac thiét ké 14y cam hing tur
thién nhién, bao gdm cac cau tric tim. Dutta
Vé cong su (Dutta et al. 2024) nghién ctru céc
cau trac ldy cam himg tir thlen nhién, bao gdbm
cac hinh dang cong va gap nép.

Tim hiéu qua cac nghién ctru ké trén, c6
thé thay rang cac cong trinh nghién ciru vé két
c4u tim composite nhiéu 16p xodn dc 1y cam
hing tir trong tu nhién van chua nhiéu, dic biét
1a tinh todn dap tng dong cua loai két cdu nay
st dung phuong phép khong luéi. Trong cong
trinh nay, chung toi tién hanh phan tich dap
g dong cua tim composite nhiéu 16p xoin
dc dua trén 1y thuyét bién dang cit bac nhat

cua Reddy va phuong phap khong ludi. Két
qua nghién ctru cung cap cac so liéu cho cac
nha nghién ctru va ky su ap dung trong thiét
ké, ché tao va san xuét cac két cdu composite
xodn dc trong thuc té.

2. Vit li¢u ché tao tim composite

Trong nghién ctru nay, ba kiéu 16p
composite xoin 6c bao gdm Helicoidal-
Recursive (HR), Helicoidal-Exexponential
(HE) va Helicoidal-Semicircle (HS) dugc
trinh bay nhu trong Hinh 1 va cac thong s6
trong Bang 1.

r

(a) Helicoidal-recursive

r

(b) Helicoidal-exponential

(c) Helicoidal-semicircular

Hinh. 1. Ba kiéu composite 16p xoiin oc
(ngudn Elsevier)

Table 1. Cac thong sb vat liéu composite nhiéu 16p xoan dc

Helicoidal recursive (HR): a /o, /a.,/...a = a_ +p (n-1)
HR1 (f=1) HR2 (f =2) HR3 (5 =3)
Helicoidal exponential (HE): (a,/a,/a./...a ), ="
HE1 (y=2) HE2 (y=2,5) HE3 (y=3)
S6 16p Helicoidal semicircular (HS): (a,/a,/a,/...a) = u? — W(n — 1) — p)?
(NOL) HS1 (1= 45) HS2 (1« =90) HS3 (1= 180)
12 Y=9 w=18 ¥ =36
16 ¥=6.5 w=13 =126
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20 y=>5 w=10 w =20
24 =4 y=23 v=16
28 w=35 y=7 w=14

3. Ly thuyét tim composite nhiéu 16p
Trudng chuyén vi ctia tim composite
nhiéu 16p duoc dua ra dua trén 1y thuyét bién
dang cit bac nhat va duoc biéu dién nhu sau:
u(x,y,2) = up(x,y) + z¢x(x,y)
v(x,y,2) = vo(x,y) + 2z, (x,y) (1)
W(x! Y Z) = WO(X,_')/)
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Hinh 2. Mé hinh tim composite nhiéu 16p

Mot tAm hinh chir nhat c6 chiéu day /
duogc tao thanh tr 16p tryc hudéng, nhu mo ta
trong Hinh 2. Do ban chat khong dong nhat
ctiia tAm, v6i mdi 16p thé hién cac tinh chat
tryc hudng riéng biét, cAn phai chuyén doi cac
phuong trinh cAu thanh tir hé toa do vat liéu
ctia mdi 16p sang hé toa do toan cuc. Céc mbi
quan hé tmg sut-bién dang cho 16p thir k trong
hé toa do nhiéu 16p duoc biéu thi nhu sau:

(k)

gy \® 911 912 216 0 0 £
oy Qp @y Qe 0 0 &
g"y (@6 Q@ Qs 0 O }}ixy ()
yz ) ) vz
sz 0 0 0 944 945 }/.xZ
0 0 0 Qn Qg

o day Q; 1a cac hé so vat liéu duoc chuyén doi
duoc mo ta nhu sau:

Q,, = Q11c05%0 + 2(Qy2 + 2Q46)c0s20sin0 + Q,,5in*0

12 = (Qll + Q22

— 4Q¢c)c0s%0sin?0 + Qq,(cos*O + sin*H)

16 = (@11 — Q12 — 2Qg6)c0s>0sinb + (Q12 — Q22 + 2Q46)cosHsin®g
622 = Q115in*0 + Qz,c05*0 + 2(Q1, + 2Q4¢)c0s26sin?0 3)
626 = (Q12 — Q22 + 2Q6)c05°6sing + (Q11 — Q12 — 2Q46)cosHsin®6

666 = (Q11+ Q22 —
644 = Q44C0529 + Q55sin26
_4-5 = (QSS - Q44)C0505in6
655 = Q550520 + Q445in?0

2015 — 2Q46)c0520sin?0 + Qe (cos* + sin*6)

trong do6 6 1a goc hu:(')’ng cua cac lop va Q; la cac h'ng s0 do ctrng vat liéu va dugc tinh nhu sau:

V1B

Qll - QlZ -

1vv 1-v13V21

thong qua phuong trinh vi phan nhu sau:
Mii + Ku = F(t) (5)

QZZ -

Phan tmg dong cta cu trac dugc mo ta

11717

, Qo6 = G12, Qs = (3, Q55 = G13 (4)

o day -

B.'{A B 0 1Bn
K=J[Bb B D 0||B,|da (6)
2181 lo o alls,
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h/2 _ xdc ciia phwong phdp dé xudt
(A,B,D) = ] (1,2,2)Q,. dz  (7) e ,
—n/2 Trong vi du nay, tam vuong composite ba
5 h/2_ 16p duoc tién,hémh phan tich tinh. Chiéu day
Ag = z Q, dz (8) cac lop cua tam nhu:’ sau: cac lop vo 1a #/10
~h/2 va 16p 161 1a 44/5. Tam c¢6 bién twya don trén
M = BLIB, (9) ca bdn canh va chiu ap luc phan bd déu ¢ trén

toan bé mat cua tam. Cac tinh chat cia vat liéu

¢dayB ,B,, B lamatrin bién dang - chuyén .
¢ S truc huong dugce cho nhu sau:

vi, I biéu dién ma tradn quan tinh.

Ham dang trong phuong phap khong ludi I;)Ol v6i l6p Ioi: B
dva trén MK. Trong nghién ctru nay, cacham @, = 0.999781, Q,; = 0.262931,
co s¢ “multi-quadrics radial” dugc st dung ) Q,, = Q, = 0231192, Q,, = 0.266810,

xay dung ham dang dugc biéu dién nhu sau: Q,,=0. 524886 Q =0.159914. Ti 1¢ vat liéu
(_L)r.z cua lop ngoai va lop 13i ciia tim duoc tinh theo

— z)'ij
R(xi,xj) =e\ 2k (10) hé sb R va theo d6 ta ¢ Q =RQ
o day r la khoang cach gitra dlem xvanatx,/
la chleu dai dic trung trong mién hd tro va du’oc

tinh 1a khodng cach trung binh gitra céc ntt.

Chuyén vi thang du’ng va ung suét cua
tam duoc trinh bay trong vi du nay dugc chuan
hoa theo céac cong thuec:

4. Numerical results m, = Qn;cqore) vam, = % -

4.1. Kiém tra tinh hgi tu va do chinh

Table 2. Chuyén vi tai tim khong thir nguyén cua tim chiu tac dung ciia tai trong phan
bo déu (R=5)

15%x15 17x17 19%x19 (Ferreira 1997) (Srinivas 1973)
253.8661 | 255.0565 | 255.8981 258.74 258.97

Table 3. Chuyén vj tai tAm khong th&r nguyén cua tam chiu tic dung cta tai trong phan
bb déu (R = 10)

15x15 17x17 19%x19 (Ferreira 1997)  (Srinivas 1973)
156.5401 | 157.224 | 157.7058 159.402 159.38

Table 4. Chuyén vj tai tAm khong thir nguyén cua tdm chiu tic dung cua tai trong phan
bo déu (R = 15)

15x15  17x17 19x19 (Ferreira 1997) (Srinivas 1973)
119.744 | 120.237 | 120.5832 121.821 121.72

S liéu trong cac Bang 2, 3 va 4 trinh  bd uy tin (Srinivas 1973; Ferreira 1997). Nhu
bay su hoi tu cua phuong phép dé xuat trong quan sat trong cac bang, két qua ctua nghién
bai bao nay so vdi cac két qua da dugc cong  ctiru hién tai rat gan voi cac két qua dugc tham
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chiéu. Dya trén nhimng phat hién nay, ta thdy
rang voi ludi nit 19x19 c6 su chinh xac tot
va ludi nay s€ dugce sir dung trong céac vi du
khao sat tiép theo.

Trong vi du tiép theo, nghién ctru dép img
dong ctia tim dang hudng c6 kich thude 2,438m
x2,438m x63,5mm. Tém c6 diu kién bién tua
don trén ca bon canh (diéu kién bién SSSS) va
chiu ap Iyc phan bd déu q = 48,82Pa trong thoi
gian 0,2 gidy. Tinh chat vat liéu lam tim duoc
cho nhu sau: E=70GPa, v=0,25,p= 2547kg/m
Dap ting chuyen vi tai tdm cta tAm gan nhu tring
khop voi duong cong duge nghién ctru bai tac
gia Shen et al. (Shen et al. 2019) sir dung bang
phuong phap phan tir hiru han nhu duge mo ta
trong Hinh 3. C4c két qua nay chimg minh tinh
chinh x4c va hi¢u qua cta phuong phap khong
ludi duoc dé xudt trong bai bao nay.

o X107

8} = Shen et al.| |
o o This work
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t(s)
Hinh 3. Pap wng chuyén vi tAim ciia tim.
4.2. Khao sat dap u’ng dong ciia tim
composite nhiéu lop xodn oc

Trong phan nay, cac téc gia trinh bay phan
tich dap ing dong cua tdm composite nhiéu
16p xo0dn dc chiu 4p lyc xung, phan bd déu.
Tam composite nhiéu 16p xoan b¢ bién twa don
trén bdn canh véi kich thude 5m x5m va cac
ddc tinh vat li¢u: E2 = 10GPa; E1 = 250GPa;
G12 = 0.6*E2; G13 = G12; G23 = 0.5*E2;
vy = 0.25; vy, = vlz, p = 2500Kg/m3 Tai
trong q =-50Pa du:oc ap dung trong thoi gian
0,2 gidy.
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Hinh 4, 5 va 6 minh hoa dap ung dong
tai diém gitra cta tAm composite nhiéu 16p.
Qua cac hinh trén, co thé thay rang khi thay
d6i s6 16p ctia tim dan dén thay doi chuyén Vi,
van toc va gla toc cta diém glua tam. Ngoal
ra, ta cling thay rang khi chuyén vi va Van toc
tai tAm cta tAm hién thi duong cong gan nhu
hinh sin thi phan Gng gia toc tai tAm ctia tim
thé hién mot dic diém phtrc tap hon, diéu nay
cho thiy riang dap tmg cua gia toc phirc tap hon
hai gié tri con lai khi tdm chiu tai trong dong.

4. Két luin

Cac két qua cua nghién ciru dap ung
dong cua tim composite nhiéu 16p xodn dc,
trong d6 két hop 1y thuyét bién dang cat bac
nhat véi ham hinh dang dya trén phuong
phap Moving Kriging da ching minh tinh
hi¢u qua va do chinh xac cua phuong phap
khong luéi dugce dé xuat. Dong thoi, chuyén
vi, van tdc va gia tdc tai diém gilra cua tAm
BiHLC ciing dwoc nghién ctru chi tiét. Nhiing
két qua nay gitp nguoi k¥ su tham khao khi
thiét ké, ché tao cac tAm composite dang nay
dé ung trong thyc té.
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