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MODEL COMPOSITES USING DILA
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Introduction

a model composil ts of fiber, matrix, and inferphase (Fig. 1a). The
inferphase functions as a bridge batween the fiber and the matrix. If the imerphase
bonds strongly to the fiber and the local shear siresses exceed the yield stress of the
matix, plastic deformation increases and henice the energy dissipation should
increase and the falure will be Fthe the
and the fiber are weak, the local shear stresses are not sufficient to exceed the yield
stness of the malrix and hence thene will be no plastic deformation. In this case, the
energy dissipation will be small and the fallure will be adhesive at the fiber surface.
Thus, the of the interp playsa inthe

and frach of the comg

L

‘The objectives of this work are :
0 Confrol the interphase properties
O Design of interphase material with properties that can meet the requirements for
high strain rate applcations.

Some prediciions on the behavior of force-displacement curve (Fig. 1b) were
suggesied for different types of interphase:
> For water-sized fiber ites, the fiber matrix-a s weak {poor
adhesion), the fallure will be brillie and energy absorpfion is small

¥ For sized fiber composites, if the compatibility, roughness, and plastic
deformation induced in the matrix and in the inferphase increase, the enengy
absorption and the shear strength increase. The upper band (black curve)
where shear strength and high energy dissipation {frictional energy) are very
high, Is an ideal case for high raie applications.
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Specimen Preparation \ / DILA Measurements
wang

> The matesials used are: Epon-Epoxy 828, and E-glass
fibex

The i were
Loading Apparatus (DILANFig. 4). The measwements were performed
were al cisplacernent rate of 110 mmds and the supporl radies weas B5mm

»Glass
(g 2)

>Curing cycke: at BT for 24 hows, 90°C for 2 hours
and post curing at 160° C for 2 howrs Kt

~100 mm

Figure 3. Schematbic dagram lor specmen preparabion of glass
Tiberfepoxy mode composite.

Figwe 4' Schemabc diagram lor mecro-indentabion lest
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Figure 2: Chemical structures for
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Sizing Systems

Three sizing sysiems were prepared: Tri Di-Ti 1M1). D
Tetraethoxy(1/1) and mm:w[&; 2). The selection of
these systems was based on the following reasons:
> A copolymer of Di- and Tri- or Di- and Tetra-ethoxy willl increase the
mmmmmwm
increase and hence the i
3 As tha rafio of - \VOH per the
mmmmnmmm

ocH,
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I

Tri-Methoxy

Tetra-Ethoxy
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f.?ata Reduction

r was calcukated as
7= Fulf, A= =ith

where Fuis th

Specimen

Shear modulus (G)
G, was calculated as

G, =({-K.) & coth{ah) Infr, {1+8,)/))2 = @
where

82 =2G{Ly %I 1{14B,0), B, = G, Infrr)iGain(ry) (3

is the slope of in the jon of load UV T
15 the radrs of the inferphase, r s the radis of the malnx and G
i the: shear modulirs of the matnx

‘Blasfic Energy E,,

The: elashe E, was calcubsted rom load displacernent daks
B~ P “
K= KA 80 4 )

K, is the slope in the nonlinear region, & is the displacement, and &,
s the disptacament at the end of mueymtl"a&l




Data Reduction

. 5) can be divided into three

AEp = (AE {fp)- AE {ZVA
Ay, = (AE (G} AE{Z)A
ABy, =h { AE (. AE (GpIWA (5, - fp))
where the absorbed energy AE at any & Is given by
AE(S) = Egedl® ) Bol2)

Stress-Displacement Curves
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shear strength to
8% for Di-Tetra

Figure 5: Cakulating the absorbed energies from the load-displacernent

measured by DILA.

Shear Modulus

10,

B!“ﬁ DiTomil 1) v Tl 313

Ed n

Doyl e e

Figure 6: Stress-displacement results for different sizing systems
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sitional absorbed energy density (AE,.,,) for different sizing systems.

| The absorbed show an increasing
nl-TmnmmErm L%ﬂmﬂhéﬁ,mbmb
the plastic deformation, decrease in -\/OH in unit. The

Frictional Sliding
Absorbed Energy

Figure10: Normalized absorbed energy due fo frictional
shding { AE,,) for different sizing systems.
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Figure 7: Average shear strength for different sizing
systems.

Qﬂ,’,"" Di-Tetra {3/1) have a
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Conclusion

)mwmmmmmhm
glass fiber by using slane-
Insndm

¥ The sizing system of Di-Tetra (1-1) and (3-1) show higher
energy absorplion and shear strength than other systems.

¥ The decrease in the ratio of -A/OH in copolymer unit can

cause the shear modulus o decrease and the energy
due in 1o

due fo debonding & a

fion that can be inthe
interphase when local shear siresses exceed the yield
stress of the matrix.

3 A high degree of adhesion between the fiber and matrix
can kead 1o high fransitional absorbed energy.
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