Haoneycomb
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Fabricated
sandwich

Face sheet panel

Top. ABS plastic having

alow glass transition temperature.
Used for containment and cosmetic
purposes.

Bidirectional layers. 45
fiberglass. Provide torsional
stiffness.

Unidirectional layers. 0 (and
some 80 ) fiberglass. Provide
longitudinal stiffness.

Side. ABS plastic
having a low glass

Containment and

Core wrap. Bidirectional
layer of fiberglass. Acts
as a torsion box and =
bonds euter layers
to core.

Core. Polyurethane
plastic. Acts as a filler.

Bidirectional layer.
45 fiberglass.

Provides torsional
stiffness.

Edge. Hardened S==
steel. Facilitates S
turning by “cutting”

into the snow. \

Base. Compressed carbon
(carbon particles embedded

in a plastic matrix). Hard

and abrasion resistant. Provides
appropriate surface.

= Damping layer. Polyurethane.
Improves chatter resistance.

Unidirectional layers. 0 (and
some 90 ) fiberglass. Provide
longitudinal stiffness.

‘Bidirectional layer. 45 fiberglass.
Provides torsional stiffness.

Composite Materials

Composites

Particle-reinforced Fiber-reinfarced Structural
Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened (aligned) {(short) panels
Aligned Randomly

oriented

Lo v v

Dr.Waleed

Preforming Curing Pullers
die die

NI

I A 1
=" Resin = =
impregnation
tank

transition temperature,



Composite Strength:
Longitudinal Loading

Continuous fibers - Estimate fiber-reinforced composite strength for
long continuous fibers in a matrix (1= V, + V)

* Longitudinal deformation

6.=6,V,+0V,  but €= €n= &
\ [ i
volume fraction isostrain ‘
E.=E,V_+E\V, longitudinal (extensional) ‘ ‘ i
modulus ‘ ‘
F _EV, f = foor il =
Fm Emvm m = matrix ‘ H ‘ “‘ ‘
(TS), = (TS),,V,, + (TS),V, \‘ 11 |‘
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isostress

Composite Strength:
Transverse Loading

* In transverse loading the fibers carry less of the load -

6.,=0,=0;=0

1 V., v
=+
E, E, E

€= €V, + &V

transverse modulus
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16.8 A continuous and aligned fiber-reinforced

composite 18 to be produced consisting of
45 vol% aramid fibers and 55 vol% of a poly-
carbonate matrix; mechanical characteristics
of these two materials are as follows:

Modulus Tensile
of Elasticity Strength
| G Pa (psi)] | MPa (psi)]

Aramid fiber 131 (19 x 10%) 3600 (520,000)
Polycarbonate 2.4 (3.5 x 107) 65 (9425)

Also, the stress on the polycarbonate matrix
when the aramid fibers fail 15 35 MPa
(5075 psi).

For this composite, compute
(a) the longitudinal tensile strength, and
(b) the longitudinal modulus of elasticity

Dr.Waleed



Problem 16.8

*45% aramid fiber
*55% poly-carbonate matrix

*If the Stress of the matrix when fiber fails=35MPa.
Find for the composite:

1. Longitudinal TS

2. Longitudinal E

the failure
Aramid fiber 131 3600 — stress of fiber

Polycarbonate 2.4 65 —_ Maximum but

not the failure
12/20/2009 DrWaleed stress of matrix



Solution:

(a) The longitudinal tensile strength 1s determined using Equation 16.17 as

The failure stress c* =g _
G (1

Vf) - Gfo Maximum and

of the matrix E
the failure
/ stress of fiber

= (35 MPa)(0.55) + (3600)(0.45)

=)

Note: Usually composite material is designed that matrix fails before fibers

12/20/2009 DrWaleed



(b) The longitudinal elastic modulus is computed using Equation 16.10a as

c

= (2.4 GPa)(0.55) + (131 GPa)(0.45)

= Coer

12/20/2009 DrWaleed



16.9 Is 1t possible to produce a continuous and

12/20/2009

oriented aramid fiber—-epoxy matrix com-
posite having longitudinal and transverse
moduli of elasticity of 35 GPa (5 X 10° psi)
and 5.17 GPa (7.5 X 10° psi), respectively?
Why or why not? Assume that the elastic
modulus of the epoxy is 3.4 GPa (4.93 X 10°

pst).

Dr.Waleed



Problem 16.9

Is it possible to produce a continuous and oriented aramid
fiber-epoxy matrix composite having longitudinal and
transverse moduli of elasticity of 35 GPa and 5.17 GPa,
respectively, given that the modulus of elasticity for the

epoxy is 3.4 GPa?

The Idea is if V; calculated from
longitudinal  condition  equal V;
calculated from transverse condition.



e Solution:

For the longitudinal modulus E ; (using Equation 16.10b),

E,=E(1- Vﬂ) +EcVy

35GPa = (3.4 GPa)(l - V) + (131 GPa)l/

= oD

12/20/2009 DrWaleed
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Now, repeating this procedure for the transverse modulus £ _; (using Equation 16.16)

E,Ef

E =
ca  (1- Vﬂ)E r+VaE,

(3.4 GPa)(131 GPa)
(1- Vﬁ)(131 GPa) + V(3.4 GPa)

mp oo

=

Thus, since Vﬂ and fo are not equal, the proposed composite 1s not possible.

5.17 GPa =

12/20/2009 DrWaleed 11



16.12 In an aligned and continuous carbon fiber-

12/20/2009

reinforced nylon 6,6 composite, the fibers are
to carry 97% of a load applied in the longi-
tudinal direction.

(a) Using the data provided, determine
the volume fraction of fibers that will be
required.

(b) What will be the tensile strength of this
composite? Assume that the matrix stress at

fiber failure 1s 50 MPa (7250 psi).

Modulus Tensile
of Elasticity Strength
| GPa (psi)] | MPa (psi)]

Carbon fiber 260 (37 X 10°) 4000 (580,000)
Nylon 6.6 28 (4.0 X 105 76 (11,000)

Dr.Waleed
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Problem 16.12

e Carbon fibers carry 97% load

* Nylon 6.6 matrix carry 3%

* If the load is applied in the longitudinal direction.
* Find for the composite:

1. Fiber volume fraction for fiber.

2. TS of the composite? Assume stress failure of the
matrix is 55 MPa

| P | Tives)

Carbon fiber 260 4000

Nylon 6.6 2.8 76

12/20/2009 DrWaleed 13



e Solution:

° A)
From Equation 16.11

r_ By o Ey
Fy EVom £, (1 N Ff )

Now, using values for F [ and F from the problem statement

F -
0.97
S = 32.3
F 0.03

12/20/2009 DrWaleed
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And when we substitute the given values for Efaud E_ 1mto the first equation leads to

(260 GPa)V;
2.8 GPa)(1 - Vf)

F
- 33 =
Fﬂl

» And. solving for Vf}'ield

12/20/2009 DrWaleed 15



(b) We are now asked for the tensile strength of this composite. From Equation 16.17,

Failure stress of .

the matrix \ O T Gm(l N Vf) - Gfo

— (50 MPa)(1 — 0.258) + (4000 MPa)(0.258)

\ Maximum and
the failure
stress of fiber

12/20/2009 DrWaleed 16
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