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UNG DUNG,PHRN TU TU GIAC TRONG TINH TOAN
KET CAU VAT LIEU COMPOSITE

PHAN DINH HUAN
Trudng Pai Hoc K§ Thuit
(Nhdn dugc ngay 13/03/1998)

Tém tét:

Phuong phdp phin tf hitu han té ra 12 mgt cong cu hitu hi¢u d& gidi c4c bai todn cb
hinh déng hinh hoc ho#c diéu kién bién phic tap. Trong bai nay, phdn ti t& gidc
composite sgi nén polyme dugc thi€t 1dp cho trudng hdp ngoai luc nim trong mit phing
t4m. Phin ti nay dudc dua vio mdt chudng trinh d€ tinh c4c tim composite nén polyme
sgi don hudng.

K&t qué tinh du gc kiém chﬁ’ng v8i két qua cho bdi phuong phép gidi tich.

1. Ly thuy€&t composite
1.1 Composite mjt 16p

b

Z 4\
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Hinh 1
Trudng hgp vat liéu composite sgi don hudng, & trang th4i dng suat phing, quan hé ng
suit — bi€n dang trong hé toa do vat liéu 1-2:
ol |Qu Q2 0 |[&
0,:=|Q2 Qu 0 |{&2 (1)
O6) [0 0 Q%6

Trong hé toa do x-y bat k¥, [Q] dudc thay b3i[Q ):

[Q]=[THHTT 2)

Ma trén [Q] va [T] dugc trinh bay & phan phu luc.
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1.2 composite.nhiéu 18p

Dua trén gid thuy€t Kirchhoff, quan hé gifta lyc va bi€n dang dugc biéu di&n
dudi dang:

[N, ] [ 4, 4, A Ly Qe Gy &, ]
N, A, Ay A G, G, Cylls,
Ny B As Ay A C G Ci || &y 3)
M, Ci G, G¢ D, D, Dgl|k
My Cl 2 C2 2 C26 DI 2 Dl] Dlﬁ Ky

| M, | [Cs Cs Cy D Dy Dy | Ky |

Ay = (Q[.f)k(zk ~2,)
k=1
YOG D @
i T o Ly Ty
D, =Y (G —5.0)
773 ij )1\ 2y k-1

e
]
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2. Mb hinh phén t& hitu han

Xét phén ti¥ tif gidc b&n nit dua trén cd s& chuyén vi:

AN
a=d Ay
Tr§= i X3 ¥2
E=—1-—N g
xXyn
1£ \ ‘ 2 =
n=-1 =
Khong gian tham chiéu Khong gian thyc
Hinh 3

Vi m6 hinh chuyén vi tuyén tinh, cdc ham dang trong khong gian tham chi&u:

SO ¢ 3Tl VN { C1 Tl V)
. 4 (5)
N (28 (1+E)(L+m)
37T 4 d 4= 4

Thé ning toan phin dat gid tri difng khi:

811, = {5 u°}T( JIB"[D]B]av) fu} - {5 uE}T.( [N {F}av+ [N {1}as)=0  (6)
{F}* lyc thé tich, {T} : Iuc bé mat “

pat [K°]= {[B]T[D][B]dv, {f?}= [[N]T{F} dv + _![N]T{T} ds, ta c6:

[xe}{oe} = e} M
[K]: ma trAn d6 cling phan t, {f‘} . vectd luc nit phan t :

[D] : ma trdn d§ cing vat ligu
[B]: ma trin trong quan hé gifta bi€n dang va chuyén vi nit:
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@-Ef)  ®
Chuyé’nvinﬁt:{ﬁe}:[u, Vi Uy Vo U3 V3 Uy vy ]T

Biéu thitc ma trdn [B]:

oN; , 9N , 9Ny . 0N,
o0x ox ox o0x
[B]=| o M g B g B 5 BN )

oy oy dy oy
N, ON; 0N, 0N, ON; ON; 0N, 8N,
dy J0x 0dy 0x 0@y @éx 0dy 0x

Trong do:
|
ON; oN; 1 | oN; oN,
_6_;{_ _[J]-I E | E—a? [ ] 6_§ ,10)
o [TV ony |7 gy | 1 o | €
oy on J 12 & on

[/]: ma trén Jacobi
Quan hé cla ma trin d6 ciing phin tif trong khong gian thyc va trong khong gian tham
chi€u dugc thé hién qua biéu thifc:

[]= [ (8] [D}B] rdx dy = [[Be& ] [DI[B m)] e dettndgdn 1)

Tich phin (9) dudc tinh bing phuong phép tich phan s& Gauss:

+1 +1

[ Bce, »] [D1[Be&, )]t del]s Jag dn = Z [B.(& n)] 1D1[B.(& m)]# det[J]]

=1 -1

(12)

Cédc ma trdn [J], [J]", [B] va det[J] dugc trinh bay & phan phu luc.
Thi du 5o
Thi du 1

Tinh ¢ng suit va bi€n dang cho tim composite don hudng, moét 16p, bé day
t=0,1cm, c6 phuong sdi 0 = 30° va cd tinh nhu sau:

E, =40GPa; E,, =10GPa; v, = 0,32, G|, =4,5GPa

Kich thudc tAm, luc tdc dung va m6 hinh tinh phan tif hitu han thé hién 3 hinh 3
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o
"4 200N/em [ 1000N 1000N 1000N
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| n|lo|le|a
: P
40cm | ST -—-—n-x r i A, il 8 I
Fi Fi F FH J
40cm ;4gmf;[ﬁlu_ﬂa
; i3|M@| @M@
TN OO

Hinh 4

K&t qua: hinh 5 thé hién tng sudt o, tinh dugc bang phudng phép phan t hitu
han so vdi 10i gidi gidi tich, hinh 6 thé hién bi€n dang ¢, tinh dugc bing phudng phip
phin tif hitu han so v4i 19i gidi gidi tich

2.30E+03

& 2206403 | Ung suat
E 2.10E+03 |
Z 200E+03 OGiai tich Hinh 5
g 1.90E+03 | mPTHH
1.80E+03
0]
@ 1.70E+02
1.60E+03
1 2 3 4 5 B8 7 8B 9 10 11 12 13 14 15 16 Phantu
Bien dang
2.50E-03
2,00E-03
& A M Giai tich Hinh 6
1.00E-03 ; OPTHH
5.00E-04
0.00E+00
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 Phan tu
Thidu 2

Céc s& liéu va md hinh tinh giéng & thi du 1, chi khéc vé c4u hinh vt liéu va bé day
tadm t=0,5 cm.
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tmm| B=30" @
1.5mm)| /=15 €)) %
1.5mm| a =15 (€]
1 mm| 8=30° @
Hinh 7

K&t qua: hinh 8 thé hign wng suit o, tinh dugc bing phudng phdp phin ti hitu han so
véi 185 gidi gidi tich, hinh 9 thé hién bi€n dang ¢, tinh dugc bing phuong phép phan td
hitu han so véi 18i gidi gidi tich

4 15E+02
4.10E+02
4056402
4.00E+02
3.95E402
3.90E+02
3.85E+02
3.80E+02
3.75E402
3.70E+02

Ung suat

Hinh 8

M Giai tich
O PTHH

Phan tu

SIGMA Y (N /cm2)

123456189«:1112131&1515

4 55E-04
450E-04
4.45E-04
4.40E-04
435E-04
4.30E-04
425E-04
4.20E-04
4.15E-04

Bien dang

Hinh 9

M Giai tich
COPTHH

Phan tu

EPSY

i23456?891ﬂ|l|1|3[4!5]6

3. Nhan xét va két ludn

Sai 1&ch giffa cc k€t qua cho bdi phudng phdp phin td hitu han so vdi 11 giai
gidi tich thé hién & bang sau:

Baitodn | Saisd cucbd Sai s0 Sai sd cuc bd Sai s0
o, 16n nhat o, trung binh g, 16n nht g, trung binh
Mot 16p 10,5 % 0% 19,1 % 12,7 %
Nhiéu 16p 3,75 % 0.03 % 2,7 % 0%
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Trong cd hai trudng hdp, gi4 tri bi€n dang cho bdi phuong phédp phén ti hitu han
nhd hon gi4 tri bién dang cho bdi phudng phap gidi tich. Piéu nay hop 1§ bdi vi khi két
cdu lién tuc dugc thay bdi cdc phan tir thi k&t c&u i rac ¢6 do cing I6n hon. Ngoai ra,
sai s0 cla cdc gid tri ng sudt trung binh, bién dang trung binh khong ddng ké.

Nhu vy, k&t qud tinh cdc k&t c&u composite trong trudng hop tdi phing cho bai
phin tit tf gidc bon it duge thist 1ap trong bai nay 12 d4ng tin cay.

PHU LUC
e MA TRAN [Q]
R Vi2-Egy 0 |
1““1:]'3-"21 1";12-"21
[Q]= lflz. 2 = p) 0 (13)
Vi2-Vai V12V
0 0 Gy,

Ey;: mddun dan hoi doc; E,,: modun dan hdi ngang; vy,: hé s0 Poisson chinh
va: hé 56 Poisson phu; G,,: m6dun dan hdi trugt

e MATRANI[T]

Dét m=cos9,n=sin0:

m? n? 2mn
[T]=| »* m® —2mn (14)
2. .3

—-mn mn m- -—n

e MATRANI[J]

nol (—l+n)x1+(l—n)x2+(l+n)x3+(—l—n)x4 (—l+n)y1+(1—n)y2+(1+n)y3+(-l—n)y4
[]_E (—l+§)x,+(—l—£)x2+(l+€)x3+(!—€)x4 (—1+é)y1+(—l—ﬁ)y2+(l+é)y3+(l—€)y4

(15)
* MATRANI[J]?

[J]"=3F” ’."2] (16)

KiJa Jzn

véi
m=nh=-né+n+y, SE“J’a—ya'f“ya:'*‘J’df
Jo =AY = Nty Ay =y -y
jzl=—x,+xl{—x2~x2§+x3+x3.f+x4—x44;'

in=X%-—x N=—X%+X, =X =X N+x,+x, 77
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K ==X, §+ X% E—x\y; N+ X1)3 E=x,), N+ XY, 1~ X%); E—x), + XYy T XV
=X, Vs + XYy — XYy ~ XMt XY T X0 N XY, 1= %30 Et Xy, E+ XY M= X34 7]
+x, 0, E— Xy, N+ X Y3 1

e MA TRAN [B]
; b, 0 by 0 By 0 b O
[B]=2—K— 0 b, 0 b, 0 by 0 by (17)
: b3! b32 b33 b34 b35 b36 b37 b38

Ky =X MY+ %7+ X% W E=X, Y&+ X, ZN1—% Va1 + X5 Wé—% 3,5 %10
—x, €+ x, Y, E+ X, Yy 11— Xy V=X 1Y, — % yE+x Vil+x, 0, =X Vs — %N
+ X, Y3 — X3 Yy F X3 Yy F X T Xes

5= n=h M=V, +VaN=Ys=YsN+t Vst Vsl

K3y=N—-N6—N +y2§‘3’3—.3’3§+)”4+y4§

Ky =% —% N— X, + Xy =Xy = X3 7+ Xy + X4 7]

K =% =% §+x2+x2§—x3—x3§—x4+x4§

bn=’(3(1-77)+"2("1+§) b31=’(5(_1+ﬂ)+’f4(1_§)
bu:"s("“"?)""‘z('l'a b32=x3(1—n)+1<2(—-1+§)
bys = K3 (-1- 1) +x,(1+6) by, = xs(1- 1) +x,(1+8)
b17=x3(1+77)+’{2(1"§) 634=K3(—1+77)+K2(“1_§)
by, =5 (-1+7)+x,(1-8) by = xs(1+ 1) +x,(-1-¢)
b24="’5(1"77)+’(4(1+‘f) b36=’C3(_1_7?)+K2(1+§)
by = K5 (1+ 1)+, (=1-¢) by, = x5(-1- 1) +x,(-1+8)
by = ks(-1-7) + K, (-1+8) by = K4 (1+ 1) +x,(1-&)

A FOUR-NODE QUADRILATERAL FINITE ELEMENT
FOR COMPOSITE STRUCTURE DESIGN

Phan Dinh Huén

Abstract:

The Finite Element Method is a powerful tool in solving the complicated geometry or
boundary condition problems. In this paper, a composite four-node quadrilateral
element is presented in case of in-plane loads. This element is used in a program {0
calculate the unidirectional fibre reinforced polymer plates.

The results agree well with analytical ones.
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