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Abstract - Layered composite materials are an alternative to II. MATERIALS AND METHODS
traditional materials for the manufacture of aviation . . el
components, details and structural elements. The delamination is The main provisions of Griffith’s energy concept are
a widespread destruction type of layered composite materials. 9eneralized [5-10]. o
The paper considered the characteristically destruction of defect The condition of equilibrium means that the total

growth by the example of a two-dimensional defect model of increment in the work of external forces and liberated
elliptic delamination type. The main stages of equilibrium potential energy of the solid is compensated by the work that
parameters of Griffith’s cracks are considered with account of falls to the growth of cracks:

the solution of the problem of post critical deformations. The m

only delamination of the elliptic form exists in the plate. The - +5A—&DEZdoj;

energy release rate is estimated. Generalized forces which 1=
advance delamination are determined. Generalized forces are
found by numerical differentiation of the potential energy with

m
- +5A—a'cbs_z_lejdj;
respect to the size of the delamination with infinitesimal 2

increments. G=r,
. ) ) where G — the parameter of energy liberatibhthe parameter
Keywords - composite materials, inter-layer defects,  of energy, that must be expended for a single increase of crack
delamination, nonlinear theory length. T =2y, where J{n/ m] — the specific surface energy
I.  INTRODUCTION of destruction. The energy of destruction is the work necessary

Layered composite materials are an alternative KEO f9rrhr2arlgr\1/:,t”(])foa; ?heé’vcsrgrcfs(?s 2::(?0?‘?Igr]:irggqt:m?hrg?ger:‘lnaal:tion
traditional materials for the manufacture of aviation 9 P y

components, details and structural elements. Structuré?l'c two defect edges. The energy is required to form the

damage to composite materials is a complex problem. THé&it of the defect area. The value of the specific work of
engineering goals of fracture mechanics are to assess thwterialy destruction can be determined experimentally.
dangers of various types of defects or voids. Defects can The research considered the characteristically destruction
appear in the form of fiber ruptures, violations of fiber-matrixof defect growth using the example of a two-dimensional
bonding, delamination and other types of destruction. Theefect model of the elliptic delamination type. The main
control of the strength of composites is not developed [1-4ktages of equilibrium parameters of Griffith’s cracks are
The delamination is a widespread destruction type of layerecbnsidered taking into account the solution of the problem of
composite materials. The delamination is the determiningost critical deformations [11]. Suppose that the only
factor when deciding on the use of composites in productslelamination of the elliptic form exists (Fig. 1). The semi-axes
The model of linear destruction in the research of propagatingf the ellipse ar@ andb, andh —is the thickness of the defect.
cracks in the delamination form is used. The field of stress fdn addition,h satisfies the conditiorh<< a,b. On the contour

a linearly elastic solid near the peak of the crack is expressedl the defect, the bases of correspond deformations are set
through external loads or stresses. The energy approach in the_ o

, €& = ue , wherey - Poisson's ratio of the base. The
research is used. The energy approach originates from theé = He. K : C
classic Griffith's research [8-12]. material of the plate homogeneous, linearly elastic is

considered. In the area of delamination, the plate consists of
two parts (Fig. 1): an exfoliated layer (the upper part) and a
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layer below the delamination (the lower parttis—h). The  nonlinear behavior of the delamination, when the value of the

main part of the laminated plate locates outside the defect. Ti§€flection w becomes comparable with the height of the
thickness of the main part of the plateHis. When the loss of delaminatiorh. _ . _

stability begins with the buckling of the exfoliated layer, local ~The functions of displacements in this form are
loss of stability is considered. A critical load is found from therepresented as WX y) =w, +/w,; Uxy) =u, +7%,;

solution of the linear problem. _ 2
- . . = + —
The critical load is expressed through the deformat|ons\(x Y) =\, +/7°V;, Wherey — the parameter that depends on

: - the loading condition of the plate. The plate passes into a new
£m aNdé,, , and the corre§pond|ng d|splacemewi_:{x,y), disturbed state adjacent to the initial plane.
u(xy) and v,(xYy). The displacements of the points of the

middle surfacey, v play an important role in considering the

Az

6} Ey

y

Fig. 1. The delamination of the elliptic form

wheree, =€, £, = UE,, = UE, -

The expression folJ_ can be simplified:
a pb{1-(va)?
LI

The growth of the delamination is possible whére I,
G - the speed of energy liberatiai— the energy demanded
to form a unit of a new surface. The elementary work of the U = Eh
resistance forces to advance the delamination front is equal to ¢ ﬂl—,uzf

the product of the increment of the delaminat.ion area by the Tpe potential energy of the bending can be calculated by
amount of work required to form a unit of a new . ¢ormula:

surfacedd, = 71(al\é + sAa+ Aals)2y . Quasi-fragile growth — » )
14 D a by1-ya) 02 62 02 64
conditions of the defect are considered. The delamination and =,*— J' (—Wl +_WLJ +21- p) (—le AL dydx
. . . 2 2 2 2
the main structural element are isotropic. The surface layers 29 o \OX oy 0y ) 0x0y
are deformede, >¢, ande >¢_ .

For the case of the structural element with the The parameter is defined in [11]. We obtain the bending

delamination, the potential deformation energy is determined:gnergy taking into account the analytic expressiongfor.
U=uU_+U_ +V.
The compression deformations are determined by the V = En > —E(scre—ej), where F=[§( U+ uv)ds)?
critical deformations within the delamination. The potential Zl—,u) T S
energy of compression is: 1 abr(ver au, . (%j
0X

_ Eh  aproiar {[
Uc-g(l_T)Uo (

&2 (L+3u2)dydx.

245

rT=—
é‘(:er + le’lgcrxgcry + Eczry)dydxv 4(l+ /'1)2 Jf: 0 ax ay
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+1(6W1j I? +2,u[auz +1(%jz]2[% +1(%J Jdydx G, = Eh i{l‘ab(l+31u2) 2 _[mb(1+3,u2) _E}.z _ES g}

2| oy ox ox dy 2\ oy 2(1- 1) ob 4 4 T T°
The potential energy of tHe main element is determined: Ab Ad
En & Wt
U=const-——— 2+ 2ue £, + £2)dydx=
2(1_#2)£ [ (€l r2use, +ehdy
=const-—— &2 (1+ 3%)dydx
2(1—ﬂ2)£ j

where constis the potential energy of the defect plate, which
does not depend on the size of the delamination. Thus, the
final expression is obtained:

Eh a m F
Us———[ [ @+3u) (e -&")dydx+ (g6~ €2)
2= p7)% 0 T Fig. 2. The growth of the delamination

The speed of energy liberation is estimated to determine
the growth of the delamination. Generalized forces are defined The change of the forc& can be determined by one of
that advance delaminatio, G,. db
Generalized forces are found by numerical differentiatiorthe following options, depending on the value-. If the
of the potential energy with respect to the sizes of the da
delamination at infinitesimal incrementsAa,Ab. The forces ar€s, >G,, then Gis a maximum a%:o and
a

ou ouU

followi tati introduced:dU = —da+—db; . .
orowing notation are infroduce a ob G=G,.If G <G,, then G is a maximum a@ - o and
dA= 7T(adb+ bda), whereA4 — the area of the delamination da
(Fig. 2). G=G,. If G,=G,, then Gis not local maximum, and
G 4G adb G =G, =G,. This analysis shows that the history of the
_ 2 7" pda possible growth of the delamination by the values of the
The values areG = 1+§@ - The forcesG, G functions is determineds, , G, (Fig. 3). At first, the curveG,

b da sharply increases and then monotonically decrease,
advance the separation along the axemnde. The forces are  monotonicallyG, increases as the rati@/b grows. The

relations, respectively: group of curves has a common value along the c@ye G, .

ouU ouU
G, :_E; G, :_E; To the left of the curve,G,>G,. Only the valuea can
) increase. The value is fixed in G=G,. Fig. 4 presents the
G, = Eh 0 | 7eb{l+3y) & - 7RbL3) F &2 —Egcrg results of the growth of elliptic delaminations.
2(1-41) 0a 4 4 T T
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Fig. 3. The change of the growth force of elliptic delaminations

The characteristic features of defect growth areusing the example of a two-dimensional defect model of the
investigated by compressing the main plate with the followinglliptic delamination type.
parameterse - the critical value of the loading parameters, The research was supported by the Ministry of
g, - the fracture curve. The load reaches point=s), the Education and Science of the Russian Federation, project

delamination grows unstable along the axis (to point 2), Ne9.7667.201 W1, projectNe9.11221.2018/11.12.
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