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MO HINH HOA CO CHE PHA HUY CUA VAT LIEU COMPOSITE SOI
NGAN

MODELING THE FRACTURE MECHANISM OF SHORT FIBER COMPOSITE

_Lé Hiéu Giang
Nguyén Thi Bich Nga
Dai Hoc Sw Pham Ky Thudt TPHCM

TOM TAT

Ly thuyét vé co hoc phd hity di va dang dwoc nghién ciru rat sau doi voi nhiéu logi vt liéu [] 9].
Tuy nhién, doi véi nhng dang vdt liéu composzte khdc nhau, nhitng nghién civu vé phd hity van thdt
can thiét cho viéc hiéu sau hon trong linh viee nay.

Trén co so dwa ra mo hinh pha hiy cua vat liéu composite sgi ngdn voi gia thiét la S0l ngdn duwoc
phan bo déu va ngau nhién trong khong gian, co ché pha huy vdt liéu composite soi ngan da dugc mo
hmh hoa dé tinh tinh ‘téc do giai phong nang luong G, .. Dady la co so dé co the dw bao vé sy pha huy
cua composite loai nay.

ABSTRACT

The theory of fracture mechanics to different materials has been comprehended deeply [1-9].
However there are still lots of problems that need to be solved in various composite materials.

Basing on the proposed fracture model of short fiber composite material with the premise in
which short fibers are distributed evenly and randomly in the material, the fracture mechanism of the
composite has been modeled to determine the energy release rate G, .. This is the important data to
determine the fracture of the material.

1. GIA THUYET CUA MO HINH POI VOI COMPOSITE SOI NGAN

Hinh 1. Cdc soi ngan phéin bo ngau nhién, dong nhdt theo ba chiéu trong khong gian: a) mé hinh tong thé, b)
mét phan thé tich dai dién ciia mé hinh composite gia cwong soi ngdn ngau nhién [4].

Gia thuyét rang chiéu dai L cua tt cd cac sgi  toan ngdu nhién (hinh 1). Véi gia thuyét nay, vt
1a nhu nhau (L thoéa mén diéu kién 1a soi ngan:  liéu nay tré thanh vat liéu composite soi ngan
L.<L<15Le; trong d6 L_1la chleu dai t6i han  ddng hudng. Thanh phan thé tich ctia sgi va nén
cua soi bi dut [3]), va cac scn ngan phan b hoan  duoc ky higu boi V va 'V _; (trongdo V. +V_=
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1). V6i gia thiét nay, tong nang luong pha huy E,
hodc nang lugng pha huy trén mot don vi dién
tich bé mit, téc do giai phong nang lugng va hé
sd cuong do tng suat co thé duoc xac dinh.

2. MO HINH HOA VA TINH G

Theo gia thuyét ¢ trén thi cac soi ngén phan
bd ngiu nhién, dong nhét theo ba chiéu trong
khong gian. Vi sy phan bd cac soi trong khong
gian mang tinh dang huong nén xac suat cac soi
phan bd trong cac mat phang bat ky 14 nhu nhau.
Nén bai toan nghién ciru co ché pha hiy cua vat
liéu composite soi ngin ¢ sy phan bd soi ngiu
nhién, dong nhat theo ba chiéu trong khong gian
tro thanh bai toan nghién ctru co ché pha huy cua
vat liéu composite soi ngan cé sy phan bd soi
ngiu nhién, déng nhét trong mat phang. Thanh

E=Te
Q]
a)
N L
o LY (P b)
< lLDU
Lo % i
L
L
a.

phan dién tich ctia soi va nén trén mat cit ngang
laS,vaS_(S+S _=1).

Tat ca nhitng soi song song voi nhau va ciing
tao vOi mit cit ngang mot goc o bang nhau s&
duoc ta ding phép tinh tién dé dua ching vé trén
cing mot duong thang, d6 1a dudng sinh cua
khéi hinh chép (khdi hinh hoc mé ta dic trung
ctia sy phan bd ngau nhién cac soi trong vat li¢u
composite soi ngan ¢6 sy phan b soi ngau nhién,
dong nhat theo ba chiéu trong khong gian) nhu
hinh 2.b.

Xét sy phan bd cua cac soi trong mot mat
phang (Q) bat ky cia mdt mau véi chiéu dai 2L
va mat cat ngang (P) nhu hinh 2.a, ta co:

Hinh 2. M¢t kiéu mé hinh véi chiéu dai 2L va mdt cdt ngang (P) nam & giita.

Thé tich ciia cac sgi (Vi) va nén (vy,) trong mau thir duge tinh nhu sau:

Mit khéc, thé tich cua céc soi (vf) va nén (vy) trong md hinh nay con duoc tinh toan

L
v =28, dL=2S,L )
0
L
=2[s,dL=28 L )
nhu sau:
ve= Vi.ve (3)
Vm = Vpn .VC (4)
Vi, ve = v+ Vi

v 1 thé tich toan bd clia composite;

Vi va Vi 1an luot 13 thanh phan thé tich cua soi va nén.

Tu (1) va (2); va tir (3) va (4), suy ra:
2 SfL = Vf Ve (5)
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2SmL=Vn Ve (6)
T (5) va (6), ta co:

Ve S

v, S,

m m
hoac

S; S, S;+S, 1

V., V. V.4V 1

Tur d6 suy ra:
Sg= V¢ (7
Sm=Vm
Boi vi su phan b giéng nhau ciia cac sgi xung quanh mit cit ngang va mang tinh chat

d6i xtig, nén ta xét % dién tich trén miat phang (Q) bat ky véi géc S = (O + %) , ta co:

X4c suat cua cac soi bi tudt (Pg,) voi chiéu dai trong pham vi tir 0 dén L. va goc cua céc

. pe el L d 7w\ , .z ,
SQ1 s0 vO1 mat cat ngang o = (I + 5) ¢6 thé dugc tinh nhu sau:

d
LC.COS(L}

L

fedl

Py = If sina.do =
0

(8)

SR |y

dog,

Voéi:L, = , d 1a duong kinh cua soi, Gy, 1a stic bén kéo cia sgi.

21,

Khi céac soi hop voi mit cit ngang mot gbc @ = (O + %) (rad) thi nd sé& bi bong tach ra

so voi nén khi gap diéu kién thich hop cua ngoai luc:

d

Ldp d 2 2d
Jd
e

Xac suat ciia cac soi bi dit gdy hodc giy vun (Pg) la:
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Lc.cos(j
L) 2d
Py =1-F, - Py :1_f_a (10)

Tu (8), (9) va (10), phan dién tich cuia soi bi gdly v&, soi bi bong tach khoi nén va soi bi
tudt l1an luot la:

L.. —
St =S¢Pp = ViPp = v, 1- ¢ COS[L)_zd

L Lx
(1D
2d
Su =58Py = Vf'L_” (12)

LC.COS(L\J
Sfp:Sfpr:Vfpr:fo (13)

S6 luong cua cua sgi bi gy vd, sgi bi bong tach khoi nén va soi bi tudt cho mdi don vi
dién tich lan luot la:

4Vf|:Lﬂ' - ﬂi,c.cos(dj - 2d}
Np = 450 _ L (14)

nd’ Lr*d®
Ng = 4.S _ 4.V, 2d (15)
nd> Ln’d®
4.V, Lc.cos(d]
4.8, L
No = nd? - Lnrd? (16)

- Nang luong pha huy cua so1i bi tugt Ug, cho mdi don vi dién tich 1a:

Ufp =pr Efp (17)

Vi, Efp la nang lugng trung binh cua sgi bi tudt va dugce tinh toan theo cong thirc sau:

Ltb

— L 1,7d
B, = [t,nddl ==<222
0
V6i, Ly ==e
2

Véy: Ufp :pr Efp

4.V, L, .cos d
L) L.t nd

& =
Us Lnd? 2
Lc.cos(dj
L
Hay Ufp=Vf—dL Cn  (18)

- Nang luong pha hity cia sgi bi giy v& U, trén mdi don vi dién tich la:
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4V, (Lt—m=L .. cos(ij —-2d)

Uy =Ngog6q = Onén

Lr*d?

4v, {Ln -7L.. cos(dj - 2d} 5
L O (19)
Lr*d’ E,
Trong do:
o, 1a strc bén kéo cua sgi.

Uy =

£,, 12 bién dang khi it cua soi.
- Nang luong phé huty cia sgi bi bong tach so véi nén Ug trén mdi don vi dién tich 1a:
Uy =Ny Eg (20)
Trong d6, E, 14 nang luong trung binh ciia soi bi bong tich so véi nén va duoc tinh
toan theo cong thuec:

— md
E, =—VLt, 1)
2
Vi, to 1a Gmg suat bong tich (N/mm?®) dwoc xéc dinh tir thuc nghiém.
A — 4V.2d m 4V, 1,
Vay: Uy, =Ny E, = thdz'T-L'to = % (22)

- Ning luong phé hiy cta nén trén mdi don vi dién tich 1a:

U,=V,06..6.=0-V))o . (23)

m mu " mu
Véi, 6., 1a sttc bén kéo cta nén

€, la bién dang cat cua nén

Vay, ning lugng phé huy trén mdi don vi dién tich U, bao gdm ning lugng pha hay
cua nhiing soi bi gy v& (Up), nang luong pha hiy cua nhitng soi bi tudt (Ug), ndng luong
phé huy cta nhitng s¢i bi bong tach so vdi nén (Ug) va ndng lugng pha huy cia nén (Uy):

Uaszb+Ufp+de+Um

d d
o 5 _4\/'.[Ln—nLc.cos(iJ—2d} Z w L“'co{ij Ay,
2 = 2d E i dL Op, n mEmu
(24) ‘
Khi d6, toc do giai phong nang lugng Gic ¢6 thé dugc xac dinh thong qua cong thirc

sau day [1, 2]:

Go= E, _4 (25)
r Bm q) r 2 r
H¢ s6 cuong d6 tng suat Kjc c¢6 thé dugce xac dinh theo moi quan hé [1]:
2
G= Kic (26)

E
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3. KET LUAN

Tir gia thuyét dat ra, bai bao da ching minh

va dé xuét phuong trinh dé xac dinh nang luong
pha huy U, dé tir d6 xac dinh duoc toc do giai

phong nang lugng toi han G,

va hé sé cuong

do ung sudt tGi han K, Nho Vao cac gia tri nay,
tinh chét pha hity cua Vat liéu composite soi ngan
dang hudng c6 thé duoc danh gia va du béo.
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