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Phan tich uén tinh cia tam cé 16 rong

Static bending analysis of porous plates

> TS VO VAN HOANG, TS NGUYEN CHi THO
Hoc vién Ky thuat quan su

TOM TAT

Bai bao lan dau tién sir dung phurong phép gidi tich ket hop Iy thuygt
bign dang cat bac ba d& nghién ciu bai toan udn tinh cia tam lam
béing vat liu ca |6 rong. Tam gom ba lap vat ligu, trong da hai lap
ngoai cuing duge 1am béng vat ligu xdp (ca 16 rong vi ma). Lii gigi dugc
xac dinh dya trén céch tiép can giai tich coa Navier, Iy thuyét tinh
toan dugc kiém chimg thang qua so sanh vai céc cang trinh da cong
bd. Bai béo ciing khéo sat mat sd yéu td vat ligu, ty 1@ thé tich |6 rang,
va chiéu day tam dén dap img udn tinh cia tdm. cac ket qud nghién
ciru |3 tai ligu tham khao ca gig trj ddi vai céc nha thiet ke, ché tao ket
cal [am béng nhiéu lap vat ligu trong thuc té.

Tir khéa: Tam ca |6 ring; udn tinh; lai giai Navier.

ABSTRACT

This is the first paper to integrate the analytical method with
the theory of the third-order shear strain to investigate the
problem of static bending of porous-material plates. The plate
consists of three material layers, the exterior two of which are
composed of microporous material. The solution is determined
using Navier's analytic method, and the calculation theory is
validated by comparing it to published works. In addition, the
article investigates the effect of certain material parameters,
such as porous volume ratio and plate thickness, on the static
deformation response of a plate. In practice, the research
outcomes are valuable references for designers and
fabricators of multilayer material structures.

Keywords: Porous plate, static bending, Navier solution.

1.DAT VAN PE

Cung vdi su phat trién ctia khoa hoc ky thuat, cac vat lieu mai
da va dang dugc Ung dung nhiéu trong thuc tién, nhu vat liéu
composite ba pha, vat liéu ti tinh, vat liéu ap dién, vat liéu bién déi
chic nang, ... Va dé tan dung uu diém cua cac vat liéu thanh phan,
cing nhu dam bao moét s6 yéu cau ky thuat dac biét, cac nha khoa
hoc da ché tao ra cac loai vat liéu nhiéu I6p, trong d6 méi 1&p vat
liéu c6 thé c6 nhiing dic trung ca tinh thay déi. Mét trong nhiing
loai két cdu nhu vay chinh la tdm ¢é nhiéu 16p, trong d6 c6 nhiing
I6p dugc ché tao dé tao thanh cac 16 réng vi md (coi nhu vat liéu

x6p), diéu nay cho phép tam c6 kha nang cach nhiét, cach am,
hodc cé kha nang lam viéc trong moi truong dac biét tuy vao vat
liéu tao ra, ... Cling chinh vi tdm quan trong clia n6 ma viéc nghién
clru ting xU o hoc clia cac két cau lam bang vat liéu ¢6 16 réng can
phai dugc quan tdm nghién ctu day da.

P& nghién cutu tinh toan cac két cau, ngudi ta c6 thé sir dung
nhiéu cach ti€p can khac nhau nhu phuong phap giai tich, phuong
phap sé [1-6], tuy nhién phuong phap giai tich la mot phuong
phap c6 d6 chinh xac cao, dugc nhiéu nha khoa hoc trong nuéc va
qudc té danh gia cao.

Do vay bai bao nay st dung phuong phap giéi tich dé dua ra 15i
giai chinh xac doi véi bai toan udn tinh cta tdm 6 16 rdbng vi mo,
cac két qua nghién cliu nay cé y nghia dinh hudng cho viéc thiét
ké, ché tao va st dung cac két cau lam bang vat liéu réng va co
nhiéu I6p mét cach cé hiéu qua nhat.

2. MO HINH TiNH TOAN VA LO1 GIAI
Xét tdm c6 chiéu dai cac canh lan lugt 1a a va b, chiéu day tam h
dugc mo ta nhu trén hinh 1 va hinh 2.
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.

Hinh 3. Sy phan b6 ty 12 thé tich (ng véi truting hop ty 1 chiéu day cac canh tam 13 1-8-1

Gid st tdm dugc ché tao bai ba IGp vat liéu, téng chiéu day tdm
la h, I6p gitia la vat liéu déng chat, hai I6p ngoai cung la vat liéu
x6p Vi ty 1é thé tich dugc biéu dién theo cong thic:
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O~y 1+ T cos| Z2 || =13 (1)
t 0 2 h

trong d6 k la tham s dac trung cho su phan bé vat liéu.
Trén hinh 3 thé hién su phan bé ty lé thé tich vat liéu lng vdi
trudng hop ty 1é chiéu day ba I6p lan lugt 1a 1-8-1.
Trudng chuyén vi clia tdim gém ba thanh phan chuyén vi theo ba
truc toa d6 dugc tinh theo ham bién déi bac ba cta bién chiéu day
nhu sau:
u(x,y,z)=—zow, / 0x —®_ow, / Ox
v(x,y,z) =—z0w, / Ox — © 0w, / Ox (2)
w(x,y,z) = Wh(x,_)/) + Wx(x’y)
z 3

trong d6 ham ®_ = 77+§Z—2 . Thanh phan chuyén vi theo truc

z (w) gém ca thanh phan chuyén vi uén w, va thanh phan chuyén
vi cat ws, ham ©_ la ham bac ba cta bién chiéu day z.

Cac thanh phan bién dang clia tdm dugc tinh tir cac dao ham
riéng nhu sau:

3)

{8 =z¢,+0.¢,
7o=Kpy

trong do:
2. ={6u8,00.,)
& :{g/x’g/wgm}r

Voo = Ve Ve ) 0= =0, /00

£, = —-0’w, | oy’

£, = 20w, / &xdy

o = o’w, (4)
K o’

&, = —azws /oy,
&y = —ZGZWA_ / Ox0y

Voo = OW, / Ox;
Ve =OW, /Oy
A=1-dO_/dz

D3i vai 16p thit i, quan hé gilta ting suat va bién dang tuan theo
dinh luat Hooke nhu sau:

X ’ E VI 0 g)f i
i 5| v 1 0 g, =Gg
Ty 0 0 (1 Vf) Vo (5)
7| C[voofr
-5 Tl =6y
T, 2(1+v)0 1]|7. o
trong d6 cac ma tran:
1 v 0
G = Ezm 1 0
I-v; .
0 o U=¥) (6)
2
; 1 0
—
S 2(14v) 0 1

Tich phan theo chiéu day tam, ta thu dugc cac thanh phan noi luc
clia tdm bao gém cac thanh phan mé men va luc cit c6 dang sau:
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trong d6 cac ma tran hé sé xac dinh nhu sau:

R N

fdz=Be + D¢, (7)

hiy
{4.B,.D,}=> [ G{,20.6.}d
Lo (8)
4,=Y [ Grld:
i

P& thiét 1ap phuang trinh can bang cho tdm, bai bao sir dung

nguyén ly cdng kha di nhu sau:
o, -aoll,, =0 9)

trong do6 ol1,,,6l1,, 1a cdng kha di cla ndi luc va ngoai luc tac

dung lén tam.
Biéu thuic cdng kha di clia néi luc dugc xac dinh nhu sau:

(0.)6(s.) +(o,) 6(s,)
o, = ;[z ;,[ +(rw)i5(7{w)i +(7, )ié‘(yxz )' dzd Q2
’ +(Tyz)l5(j/y: )‘

2 2 2
_an 5Wb—S‘a5W‘—M,6 ow, (10)
ox’ T oox? oyt
Iy 2
IZI 6§w xyac?w,, ded O
2T Ox0y
28, 6 ow, ‘o, 00w, ‘0. oow,
~ Oxoy Toox ’

Gia st tam chiu tac dung cla luc phan bé déu trén bén mat cta
tam, bi€u thuc cong kha di clia ngoai luc dugc xac dinh nhu sau:

517,1,:jq§wdA:Iq5(w,,+ws)dQ (11)
kel k]

trong dé q la tai trong phéan bé déu tac dung 1én tam. Thay cac
bi€u thuc (10) va (11) vao phuang trinh (9), ta rat ra dugc hai
phuong trinh can bang theo hai bién ws va ws nhu sau:
oM. M, M,
x4 2
ox? Ox0y o’
2 0’s_  0°S, OF
Sw, 0 ‘S;" +2—" 4 — +—8F“ +—=+¢=0
S Ox ox0y 0Oy ox ox
Pé gidi phuong trinh can bang (12), ta s&t dung Ioi giadi cda
Navier, xét tdm chiju lién két tua don trén tat ca cac canh, nghiém
can tim cua (12) sé dugc khai trién dudi dang chubi lugng giac kép

nhu sau:
)= 3.3 D sinf 22 Jin 422

r=1 s=1

oSS0l 5]

r=1 s=1

ow,: +q=0

(12)

(13)

trong d6 Domn V@ Dsmn 12 bién d6 cla cac chuyén vi. Con biéu
thiic ctia ngoai luc téc dung lén tdm ciing dugc khai trién & dang
chuéi lugng giac:
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q(x,y):gz%sin[%jsin(m%j (14)
trong d6 Qo la bién d6 ngoai luc.
Thay cac biéu thiic (13) va (14) vao phuaong trinh (12), ta rat ra
dugc phuong trinh sau:

[llill §12:|{ghmn}:{gh} (,IS)
21 22 smn s

trong d6 céc hé sé trong phuaong trinh (16) dugc xac dinh nhu
sau:
K, =m'4, +24 ,m’n’ + A ,n* + 4.4 ,m'n’
K,=n'B

22 4 22
2B ,mnT + B ymt + 4.8 mn

_ 4 2 2 4 2 2
Ky =m'B,, +2B,,m'n" + B, ,n" +4.B,;;m'n

11 (-I 6)
K, = ”AD/'U +2D,,m’n’ + Dﬂzm4 + 4.Dmm2n2 + Aym’ + A,n’

160,
Qh = Q\ =0

s

trongdé m=x/a;m=x/b

Nhu vay cac hé sé K; & vé trai cla phuong trinh (15) phu thuéc
vao cac dac trung hinh hoc va vat liéu cla tam, con vé phai phu
thudc vao ngoai luc tac dung Ién tdm. Giadi phuong trinh (15), ta sé
thu dugc cac &n Domn VA Dsmn, tUr d6 sé xac dinh dugc biéu thic
chuyén vi w tai bat ky diém nao trén tam.

3.KET QUA TiNH TOAN VA THAO LUAN

3.1 Kiém ching dé tin cdy

Xét tdm vudng vai thong sé chiéu dai canh la g, chiéu day h =
a/10, md dun dan héi E =380 GPa, hé s Poisson v = 0.3. Tdm chiu
tai trong phan bé déu véi cudng dd P, chuyén vi I6n nhit khéng
th nguyén dugc tinh toan va so sanh w*=10wmaxh*E/Pa®. K&t qua
tinh toan theo ly thuyét cta bai béo la w* = 0.46, két qua tinh theo
tai liéu [6] la w*= 0.46, diéu nay thé hién su tin cdy cla ly thuyét
tinh todn cla bai bao nay.

3.2 Khdo sdt dnh huéng ciia mét sé tham sé

Xét tdm c6 cac théng sé nhu sau: tdm vudng canh a = b, chiéu
day h, cac dac trung co tinh vat liéu dugc lay nhu sau: En=70 GPa,
v, = 0.3, tdm chju tai trong tac dung phan bé déu véi cuong do P,
théng s dé khao sat la chuyén vi khong thi nguyén |16n nhat cla
tdm c6 biéu thuc tinh todn w*=100Wmax hg Em/Pa*, véi ho =a/10.

Tam chiu lién két tua don trén cac canh.

- Khéo sat anh hudng cua ty |é chiéu day cac I16p vat liéu: thay
déi chiéu day cac Iop vat liéu, két qua tinh toan chuyén vi Ién nhat
tai gitta tdm dugc thé hién nhu trén bang 1. C6 thé thdy rang khi
thay déi chiéu day cac I6p vat liéu, chuyén vi I6n nhat cta tdm
cling thay déi theo. Déng thai, khi ting dan gia tri cQa ty lé thé tich
Vo, chuyén vi I6n nhat clia tdm ting lén, diéu nay ching té tdm sé
bi “mém” han khi ty |é thé tich Vo ting lén.

Bang 1. Chuyén vi I6n nhat ctia tdm phu thudc ty 1& chiéu day
cac lép vat liéu, xk =0.1

qua tinh toan cho thay khi ty 1é thé tich V0=0 thi chuyén vi I6n nhat
cla tam la nhu nhau véi moi gia tri cGia tham sé x . Khi tang dan
gia tri cGa tham s6 x thi chuyén vi I6n nhat c6 xu huéng gidm
xuéng.

Bang 2. Chuyén vi 16n nhat cla tdm phu thudc vao gia tri cla
tham s6 x (ty 1& ba |&p vat liéu la 1-1-1)

Vo K =0 x =0.1 K =0.2 kK =03
0 4,620 4,620 4.620 4,620
0.1 5.221 5.215 5.209 5.203
0.2 5.947 5.947 5.932 5916
03 6.874 6.874 6.844 6.813
04 8.092 8.092 8.038 7.983
0.5 9.771 9.771 9.676 9.581

- Khao sat dnh hudng cda chiéu day tdm h: thay d&i chiéu day
tdm h sao cho ty 1& a/h tang dan ti 10 dén 40, két qua tinh toan
chuyén vi 16n nhat cla tdm dugc thé hién nhu trén bang 3. Dé
dang nhan thay rang khi gidm chiéu day tam, tam tr& 1én “mém”
hon, do vay chuyén vi I6n nhat ctia tdm tang lén.

Bang 3. Chuyén vi I6n nhat clia tdm phu thudc vao ty 1é chiéu
dai va chiéu day tam a/h (ty 1& ba I6p vat liéu la 1-1-1, x =0.1)

Vo 2-1-2 1-1-1 1-2-1 1-8-1

0 4.636 4.620 4.586 4.468
0.1 5219 5215 5.065 4.959
0.2 5.932 5.947 5.632 5.546
0.3 6.829 6.874 6.314 6.263
0.4 7.997 8.092 7.155 7.160
0.5 9.589 9.771 8.219 8.319

- Khao sat anh hudng ctia tham s6 « : Bang 2 trinh bay két qua
tinh toan chuyén vi I6n nhat cta tdm phu thudc tham sé « . Két

Vo a/h=10 a/h =20 a/h =30 alh =40

0 4.620 35.743 119.874 283516
0.1 5.215 40.405 135.544 320.606
0.2 5.947 46.136 154.808 366.204
03 6.874 53.391 179.193 423.923
0.4 8.092 62.922 211.230 499.754
0.5 9.771 76.076 255.447 604.415
4, KET LUAN

Bai bao lan dau tién st dung phuong phap giai tich dua trén Ii
gidi dang Navier dé nghién clu dap (ng uén tinh cla tam lam
bang nhiéu I6p vat liéu va c6 16 rong vi mo. Cac cong thuc tinh
toan dugc thiét lap dua trén ly thuyét bién dang cat bac ba, ly
thuyét nay mo ta day da va chinh xac cac dap dng cda tam. Ly
thuyét tinh toén da dugc kiém ching dam bao dé tin cay can thiét.
Bai bao ciing tién hanh khao sat anh hudng ctia mot s6 tham s6
dén dap tng udn tinh cda tam. Cac két qua nghién cdu trong bai
bdo nay 1a co s& khoa hoc c6 gia tri tham khao khi thiét k& va su
dung két cau tdm nhiéu I6p ¢4 16 réng trong ky thuat va dai séng.
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