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TOM TAT

Bai bao lan dau tién sir dung phuong phap giai tich dé nghién ctru dap ung ubn tinh
ctia tim lam bang vat liu bién d6i chirc nang (FGM) khong hoan hao vé sy phan
bé vat ligu, trong d6 vat liéu tim dugc tao ra tir hai thanh phan chi yéu 1a gom va
kim loai. Phuong trinh can bang cua tim dugc thiét lap dya trén Iy thuyét bién
dang cat dang ham luong giéc va nguyén ly cong kha di, 1y thuyét tinh toan dugc
kiém chimng thong qua so sanh véi cac cong trinh da cong bd. Bai bao ciing khao
sat mot s6 yéu té vat liéu, hinh hoc dén dép tng ubn tinh cua tim, cac két qua
nghién ctu 13 tai liéu tham khao c6 gia tri d6i véi cac nha thiét ké, ché tao két ciu
FGM trong thyc té.
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ABSTRACT

This is the first time to use an analytical method to study the static bending
response of a plate made of imperfect functional graded materials (FGM) in terms
of material distribution, in which materials were made of the two main
components, ceramic and metal. The government equation of this plate is
established based on the theory of shear strain in the form of trigonometric
functions and the work-energy principle. The calculation theory is verified through
comparison with published works. The article also investigates some material
parameters and geometrical factors that affect the static bending response of the
FGM plate, and the research findings are a useful reference for designers and
fabricators of FGM structures in practice.
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Phan tich uén finh cia tam FGM khong hoan hdo

1. Pit vén dé

Cung véi sy phét trién cua khoa hoc ki thuat, cac vat liéu
méi da va dang dugc ang dung nhiéu trong thyc tién, nhu
vat ligu composite ba pha, vt li¢u tir tinh, vat li¢u ap dién,
vt liéu bién d6i chic nang,... Va mot trong nhiing vat liéu
dugc dung nhiéu trong ky thuat la vat liéu bién d6i chirc
nang (tiéng anh Viét tat 1a FGM), day la loai vat lidu duoc
ché tao tir hai hay nhiéu thanh phan, nhung loai thong dung
nhat 1a gébm va kim loai, chung duoc pha tron theo ty 1&
nhat dinh dé dam bao cac dic trung co tinh bién doi tron
lién tuc theo chiéu day cua két cau. Ciing chinh do dugc ché
tao tir hai thanh phan vat liéu nay, cac két cau FGM c6 kha
nang chiu dugc nhiét d6 cao, chiu dugc mai mon, kha ning
chiu tai ciing t6t hon. Cac két cdu FGM thuong dugc sir
dung trong céc chi tiét diac chung nhu xay dung lam vach
ngan 16 phan tng hat nhan, chan vit tau thiy, dong co dt
trong, dong co tén Iura, vach ngan phong siéu am, chup X
quang,... Ciing chinh vi tdm quan trong ciia n6 ma viéc
nghién ctiu &ng xir co hoc cua cac két ciu 1am bang vt liéu
chitc ning da va dang dugc céc nha khoa hoc trong va
ngoai nudc quan tam nghién cuu [1-6].

Trong qua trinh ché tao cac két cdu lam bang vat ligu
chtc nang, c6 thé xuat hién nhiéu dang khuyét tat khéc
nhau nhu sai 1éch hinh dang, xuat hién céc 15 rdng vi mo,
xuit hién cac vét nut té vi, su phan bé khdng hoan hao vé
vat liéu. Viéc xuét hién cac dang khuyét tat nay lam giam
déng ké kha nang lam viéc cua két ciu, do vay bai béo nay
su dung phuong phap giai tich dé dua ra 1oi giai chinh xac
ddi vé6i bai toan udn tinh cua tim FGM khong hoan hao vé
vt liéu, cac két qua nghién ctru nay c6 y nghia dinh huéng
cho viéc thiét ké, ché tao va sir dung céc két cdu 1am bang
vat liéu FGM mot cach c6 hiéu qua nhat.

2. Dat bai toan va xay dung loi giai

Xét tim FGM c6 chiéu dai cac canh lan luot 1a a va b,
chiéu day tam h dugc md ta nhu trén hinh 1.

h/2

i ;ho

-h/2

Kim loai

Hinh 2. Si phan bé vt ligu tdm FGM khong hoan hdo logi |

z

-h/2
Hinh 3. Si phan bé vat ligu tdm FGM khong hoan hdo logi 11

~Gia thiét tim lam viéc trong giai doan dan hdi, vt lieu
tam dugc pha tron boi 2 thanh phan 1a kim loai va gom voi

ty Ié thay doi lién tuc theo chiéu day tim voi ham sé mi, cu
thé nhu cong thirc (1)-(3) & phan dudi. TAm chiu tai trong
phan bb déu tac dung vudng géc vai bé mat trén cua tim.
Can xé4c dinh chuyén vi udn cua tim FGM nay.

Quan hé¢ giira ty 1¢ thé tich ciia gdm (V) va ty 1& thé tich
cua kim loai (Vi) theo cbng thuc:
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Hinh 4. Sy phan bé ty 1é Ve tam FGM khéng hoan hdo logi |
ung Voi truong hop ho = h/10
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Hinh 5. Su phan b ty 1¢ Ve tdm FGM khong hoan hdo logi 11
ung Vvéi truong hop ho = h/10

DG véi tim FGM khang hoan hao loai 1, cac dic trung
co tinh (M6 dun dan hoi E, hé s6 Poisson v) phu thugc vao
chiéu day nhu sau:

{E,vy} ={E, v} +({Ecve} ~{Ep v )V, —05h<z<0
(E, vy} ={Ep Vi +({E. v}~ {Ep v} )V, 0<z<h, (@)
{Esvs} ={E, v} h, <z<0.5h
con dbi voi dém FGM khdng hoan hao loai II thi cic dac
trung co tinh bién doi theo quy luat:
{E.vi} ={E,Va} -0.5h<z<-h,
(B, v, ={Ep W} +({Eve ) ~{Ep v}V, —hy <220 (3)
{E, s} ={E, v} +({E. v} —{E vy} )V, 0<2<05h

trong d6 V., :(%Jr%j . Nhu vay c6 thé thdy ring néu

ho=0.5h thi tim c6 vat liéu phan bé tron lién tuc theo chiéu
day, truong hop nay goi la taim FGM hoan hao.
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Trén hinh 4 va hinh 5 thé hién su phan bo ty I¢ thé tich
cua vat liéu gom V. theo chiéu day (ng véi truong hop ho =
h/10.

Truong chuyén vi cia tim sir dung dé tinh toan c6 dang
sau:

{{u,v} (x,y,2) =—zdw, / {ox,0y} — f,ow, / {ox,dy} @)
W(X, Y, 2) =W, (X, ) + W, (X, y)

trong d6 ham f, = z - (h//Z')SIn(z /h). Pay la trurong
chuyén vi c6 tinh dén ca thanh phan chuyén vi uén wp va
thanh phan chuyen vi cat ws, ham f, phai thoa man diéu kién
bién cua @ng suat tai mat trén va mat dudi cia tam phang
bang khong. Viéc sir dung Iy thuyet bién dang cét nhu biéu
thirc (4) s€ don gian hon rt nhiéu so vai céc ly thuyet bién
dang cit bac ba day du hodc bac 3 cua Reddy, dong thoi ly
thuyét nay cling khong can dén bat ky hé s6 hiéu chinh cat
nao, nhung van mo ta day du va chinh xac dap ung co hoc
cua tam, day 1a mot s6 uu diém cua ly thuyét nay.

Tir d6 tinh duoc cac thanh phan bién dang caa tim:
e=z2g,+f,8; 7, =070 (5)

trong do

T T
g _{gzx'gzy’gzxy} 1€¢ :{gfx’gfy’gfxy} !

Vso = {75)(2 1 Vsyz }T Ex = _62Wb / ox* 1€y = _aZWb /ayzl

2

£, = —20°W, | OXoy; &, =—%, =—o*w, 1oy (0
€ y _Zazws /axay;}/sxz = aWs /ax’

Yor =OW, /0y; g, =1-df, /dz

Quan hé gitra tng suét va bién dang cua Iop tha i tuan
theo dinh luat Hooke nhu sau:

; 1 v 0 &,
S = 1_;/_2 v, 1 0 g, ¢ =Gye'
c o0 (1-v)/ 2]y, ()

sz i E 1 0 }/xz i i
= : =Gy,
{rﬂ} 2(1+vi){0 IHVW}

Tich phéan theo chiéu day tdm, ta thu duoc cac thanh
phan noi luc cua tam FGM khdng hoan hao bao gom cac

thanh phan md men va luc cit c6 dang sau:
MX SX hHl g)(l
M, t.4S, :ZJG; & ¢ [2.1,]d2=[ A B, Je,+[ B,.D ]z,
MXY Sxy o }/Xy (8)

Q. " (1)
= G dz=

trong d6 cac ma tran hé sé xac dinh nhu sau:

higy
{A,B,.D,} ZIG' {21, 17 dz;&:ZIG;gzdz ©)
i h,
Dé thiét lap phuong trinh can bang cho tim, bai béo st
dung nguyén ly cdng kha di nhu sau:

811, — 81T, =0 (10)

trong do of7,,0I1,, la cdng kha di ctia ndi lyc va ngoai luc

tac dung lén tim FGM.

Biéu thuc cong kha di cua noi luc duge xac dinh nhu
sau:

(Ux) 5(5X)' +(0'y )i 5(5y)i
S, IZI +( 7, (;/Xy 5 ;/XZ)i dzd Q
o i K
+(r.) (m)
L SO Oow, Sow, (1)
oo *oox Y ooy?
o F| o 0%6w, oW,
= J} Z h‘ -, v My oy dzd 2
*ow, 0OW, 00w,
ooy T T T @y

Biéu thuc cong kha di cua ngoai luc duoc xac dinh nhu
sau:

oIT, = [ qowdA = [ g5 (w, +w,)d2 (12)
Q Q

trong do q 14 tai trong phan b déu tac dung Ién tam. Thay
cac biéu thue (11) va (12) vao phuong trinh (10), ta rat ra
duoc hai phuong trinh can bang theo hai bién wy va ws nhu
Sau.

2 oM azM
SW, 0 M2* +2 Y +q=0
2 o’S,, aZS oF
5ws:aszx+2 T B S
OX axay oy? OX OX

D¢ gidi phuong trinh can bang (13), ta sir dung loi giai
cua Navier, xét tam cfliu lién két tua don trén tat ca cac
canh, nghiém dang chu6i luong giac kép nhu sau:

_ mz;g Dy sm( a xjsin(n%byj (14)
= ii Dy sm[m;rxjsm(ngy]

m=1 n=1

trong d6 Dpmn V& Dsmn 12 bién d6 cua cac chuyén vi. i voi
161 giai dang Navier, biéu thuc ngoai luc tac dung:

zz sin (%jsin (n%.yj (15)

m=1m=1 7T
trong d6 Qo 1a bién d6 ngoai luc. Thay cac biéu thuc (14) va
(15) vao phuong trinh (13), rt ra dugc phuong trinh

|:K11 Ky, HDbmn} _ {Qb}
Ky Ky || Dy Q,
trong d6 cac hé sb trong phuong trinh (16) dugc xac dinh
nhu sau:

Ku=2'Au+ 2R, 1 0"+ Ao’ + 4R 70"

K, = 0By +2B,, 70" +B 1" + 4.Bf33/(02

Ky = 7'Biyy +2B,, 7’0" + B 0" +4.B 5,70

Ky =0'Dyyy +2D13,7°0" + Dypy ' + 4013070 + Ay 1" + A’

Q Q-16Q°;
mn

(16)

A7)

y=nla, p=nlb
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Nhu vay cac hé sé Kij & vé trai ciia phuong trinh (16) phu
thudc vao cac dic trung hinh hoc va vat liéu caa tam, con
vé phai phu thudc vao ngoai luc tac dungq Ién tam FGM.
Giai phuong trinh (16), ta s& thu dugc cac an Domn Va Dsmn,
tr do s& xac dinh dugc biéu thirc chuyén vi w tai bat ky
diém nao trén tam.

3. Két qua tinh toan va thao luan
3.1 Kiém chirng dé tin cay

Xét tAm FGM hoan hio, ché tao tir gbm va kim loai co
cac thong so: tam vudng canh a, h = a/10, Ec= 380 Gpa,
En=70 GPa, v, =v,= 0.3. Chuyén vi I6n nhat khong tha
nguyén dugC so sanh w*=10Wmah’Ec/Pa’. Két?qué so sanh
trong bang 1 vai két qua trong tai liéu [5] thé hién sy tin
cay cua ly thuyét tinh toén, sai s6 16n nhat gitra cac két qua
la 1.68%.

Bdng 1. So sanh chuyén vi Ién nhdt cia tdm FGM hoan hdo

Bdng 4. Chuyén vi I6n nhat ciia tam FGM khong hoan hdo logi
I phu thugc ty Ié chieu dai hai canh b/a (k= 1)

ho b/a=05 bla=1 bla=2 bla=4
0.05 1.16 7.13 17.48 21.49
0.1 1.17 7.15 17.53 21.54
0.2 1.18 7.25 17.76 21.82
0.5 1.26 7.75 18.99 23.34

Bdng 5. Chuyén vi I6n nhat ciia tam FGM khong hoan hdo logi
Il phu thugc ty 1¢ chiéu dai hai cenh b/a (k = 1)

ho b/a=05 bla=1 bla=2 bla=4
0.05 1.44 8.63 21.01 25.78
0.1 1.42 8.58 20.93 25.68
0.2 1.40 8.44 20.59 25.28
0.5 1.30 7.85 19.16 23.51

k=0 k=1 k=2 k=10
[5] 0.46 0.92 1.19 1.58
Bai béo 0.46 0.92 1.17 1.56
Sai s6 0(%) 0(%) 1.68(%) 1.26(%)

3.2 Khio sat anh hwéng cia mat s6 tham soé

Xét tim FGM khong hoan hao vé vat liéu co cac thong
s6 nhu sau: @ = b = 1m, chiéu day h, cac dic trung co tinh
vat liéu duoc liy nhu & muc 3.1, théng sb dé khao sat l1a
chuyén vi khdng thir nguyén 16n nhat w*=100wmah3E/Pa’.

- Khao sat anh huong cua chi sb mii thé tich k: bang 2 va
bang 3 trinh bay két qua tinh toan chuyén vi I6n nhét cua
tam phu thudc vao chi sé mi thé tich va chiédu day ho ddi
v6i tam FGM khdng hoan hao loai | va loai I, céc két qua
tinh toan chi ra rang khi tang chi sé mii thé tich k thi chuyén
vi 16n nhat cia tim FGM tang 1én, diéu nay la do khi chi sb
mil thé tich tang 1én, ciing co nghia rang ty 1é thé tich vat
liu gom trong tim giam xubng, do d6 “dd cimg” ctia tim
giam xudng, nén chuyén vi cia tam sé& tang lén.

Bdng 2. Chuyén vi 16n nhat ciia tdm FGM khong hoan hdo logi
I phyu thugdc chi so mii thé tich k (b/a = 1)

ho k=05 k=1 k=2 k=10
0.05 6.31 7.13 7.66 7.85
0.1 6.32 7.15 7.70 7.94
0.2 6.36 7.25 7.90 8.36
0.5 6.56 7.75 9.06 13.58

Bdng 3. Chuyén vi I6n nhat ciia tdm FGM khong hoan hdo logi
Il phu thugc chi so mii thé tich k (b/a = 1)

ho k=0.5 k=1 k=2 k=10
0.05 8.22 8.63 9.42 13.91
0.1 8.16 8.58 9.39 13.91
0.2 7.95 8.44 9.32 13.91
0.5 6.65 7.85 9.20 13.91

- Khao sat anh huong cua ty 1¢ chiéu dai hai canh tam
b/a: bang 4 va bang 5 thé hién chuyén vi I6n nhat cua tam
FGM khong hoan hao loai | va loai II. C6 thé thiy rang khi
ty 1¢ b/a tang 1én, chuyén vi I6n nhit cua tim ciing ting 1én,
diéu nay ciing c6 nghia rang khi ty 1& chiéu dai hai canh tim
cang Ién, thi kha nang chiu tai cia tam giam xuéng.

4. Két luan chung

Bai béo trinh bay nghién ctru udn tinh cia tim FGM khéng
hoan hao vé sy phan b vat liéu dya trén 1oi giai dang giai
tich, trong d6 cac cong thuc tinh todn xuat phat tir ly thuyét
bién dang cit dang ham luong giac kiéu mai. Kiém chung
do tin cay cua ly thuyét tinh toan duoc tién hanh théng qua
S0 sanh Vi cac cong trinh da cong bd. Bai bao ciing dua ra
mot s6 két qua tinh toan dé thé hién rd anh huong cua mot
s6 tham s6 hinh hoc, vat liéu dén dap wng udn tinh cia tim
FGM khdng hoan hao.
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