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INTRODUCTION

Nanoparticle reinforced glass/carbon polymeric based
composites and structural foams are being considered for use
in military, new generation naval ships and critical
infrastructure applications where lightweight, damage tolerant
structures are essential for blast, shock, impact mitigation.

Prediction of damage, energy absorption and
penetration resistance are important to develop stronger,
safer and more cost-effective structures.

l m The University of Mississippi
WIS School of Engineering

PREVIOUS WORK

Gama et al. and Xiao et al. performed quasi-static, ballistic
and low velocity impact punch-shear tests to define the elastic
and absorbed energies of composites as a function of
penetration displacement.

Shaker et al. studied the failure mechanism of basket
weave and 3-D braided Kevlar fabric reinforced epoxy
composites under low and high velocity impacts.

Hosur et al. carried out low velocity impact tests on quasi-
isotropic CFRP composite laminates.
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OBJECTIVE

This work describes the low velocity punch-shear response
of nanoparticle reinforced vinyl ester plates, laminated face
sheets and sandwich composites using Dynatup 8250 drop-
weight impact test system according to ASTM D3763
Standard.
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MATERIAL DESCRIPTION - NANOCOMPOSITES

510A-40 brominated vinyl ester nanoparticle
reinforced composite plates.
Pure brominated vinyl ester .
- with 1.25 wt. pct. Cloisite 30B nanoclay

reinforcement.
- with 2.5 wt. pct. Cloisite 30B nanoclay

reinforcement.
- with 1.25 wt. pct. exfoliated graphite (xGnP)

nanoplatelets.
- with 2.5 wt. pct. exfoliated graphite (xGnP)

nanoplatelets.
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—
MATERIAL DESCRIPTION - LAMINATED FACE SHEETS

Laminated woven fabric composite face sheets.
Matrix:
Pure Dow Derakane 510A-40 brominated vinyl ester
resin
- pre-mixed with 2.0 wt. pct. xGnP-15 exfoliated
graphite platele
Woven fabric :
E-glass (5-ply)
HP ShieldStrand® glass (5-ply)
T-700 carbon fabric (3-ply)
Laminate schedule :
(5-ply) - [(0/90)/(+45/-45)/(90/0)/(-45/+45)/(0/90)]
(3-ply) - [(0/90)/(+45/-45)(0/90)]
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—
MATERIAL DESCRIPTION - SANDWICH COMPOSITES

Sandwich composites made with five-ply E-glass/vinyl
ester face sheets and 2” thick cores.
Cores:

3-D fiber reinforced Tycét

Poly vinyl chloride (PVC) foam

Balsa woo

Fly-ash based Eco-Céte
- pure
- pre-mixed with 4.5 wt. pct. chopped JM3 glassiibe
- pre-mixed with 4.5 wt. pct. chopped OC2 glassribe
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—
MATERIAL DESCRIPTION - SANDWICH COMPOSITES

L
| ey
el

Tycor® - :

Molded TYCOR

—

3-D stiched fiber reinforced core
Spatially non-uniform
(web-intersection) — (web-line) — (foam region)

l m The University of Mississippi
WA School of Engineering

LOW VELOCITY IMPACT TESTS

Dynatup 8250
drop-weight impact test system
® ASTM standard: D3763

o 3’dia. circular fixed boundary
condition

. 0 Hemispherical end plunger with 2”

| long and 0.5” die

0 Photoelectric-diode and flag system
- for velocity and displacement
measurement .

0 Instrumented tup to measure

4 instaneous load.

o Dynatup ImpulseTM data acquisition
system
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EXPERIMENTAL PARAMETERS

Three batches of tests
- Nanoclay and graphite platelet reinforced
vinyl ester plates [4"x4"x0.4"]
- Laminated face sheets [4"x4"x0.125”]
- Sandwich composites [4"x4"x2.25"]
Three samples from each type of composites pi
Impact velocity 3.6 m/s (20% velocity reduction at peak
load) and impact energy 37.3 J (more than 3 times of absorbed
energy at peak load) for nanoclay and graphite platelet
reinforced vinyl ester plates.
Impact velocity 4 m/s and impact energy 185 J for
laminated face sheets and sandwich composites.

—
VISUAL INSPECTION - NANOCOMPOSITES

[Pure vinyl estef] [1.25 wt.pct. nanoclay[2.5 wt.pct. nanoclay [1.25 wt.pct. graphitg [2.5 wt.pct. graphitd

Radial growth of damage centering impact point is less for
pure vinyl ester than its nanocomposi

In graphite platelet reinforced nanocomposites,

- fracture propagated very less on impact side.

- more damage was observed on rear side.

- plunger penetration required more load due to shearing
friction between plunger wall and inner surface of the punch
through hole which caused additional energy absorption.




—
VISUAL INSPECTION - LAMINATED FACE SHEETS

Impact side

Back side

E-glass  E-glass/xGnP-15 HP-glass  T-700 Carbon
Radial growth of delamination was less for E-glass/vinyl ester

face sheet than HP- glass/vinyl ester face sheet
T-700 Carbon/vinyl ester face sheets, carbon fiber strands
were peeled off partially from back side.

—
VISUAL INSPECTION - sSANDWICH COMPOSITES

E-glass/Tycor E-glass/EcoCore

Radial growth of delamination is
least in high density core, whereas
more in case of softer cores.

Soft foam-zone of Tycor showed
maximum delamination whereas the
wel-intersection allowed lea
[web-ling] E-glass/Balsg4.5 wt.pct. IM3] delamination-

Least delamination as well as
less depth of penetration was

observed in Eco-Core (high-
[foam-region| [4.5 wt.pct. OC2] denSity).

[web-intersectior] E-glass/PVC [Pure]




RESULTS INTERPRETATION

The first phase, named as
damage initiation phase, is
observed from the moment of
impact to the point of peak load

At the point of peak load,
puncture is initiated an
accomplished by rapid load-
reduction. This phase has been
identified as puncture
propagation phase.

ENERGY CALCULATION

Load

Energy

Deflection

Cumulative energy calculation from load vs. deflection
data using Trapezoidal Method.
Total energy absorption
= Energy absorption in damage initiation phase
+

Energy absorption in puncture propagation phase




RESULTS - NANOCOMPOSITES

Pure vinyl ester and
nanoclay reinforced vinyl ester
showed stiff but linear load-
deflection response.

Graphite platelet reinforced
vinyl ester had distinctiv
multi-peak load fluctuations .

All panels showed sharp
and smooth load-reduction in
second phase.

RESULTS - NANOCOMPOSITES

Nanopatrticle reinforced vinyl ester plates showed more
than 10% improvement in impact energy absorption with the
addition of 2.5 wt. pct. graphite platelets to pure vinyl ester.

Nanoclay and 1.25 wt. pct. graphite platelet
reinforcements showed a detrimental effect .




RESULTS —LAMINATED FACE SHEETS

All laminated face sheets
showed a smooth elastic
deformation with close
stiffnesses.

Some prominent hinging
effects of attached fiber
fragments with the surface of
the plunger are observed.

Only E-glass/xGnP vinyl
ester composite showed
comparatively smooth puncture
propagation.

RESULTS —LAMINATED FACE SHEETS

Laminated composite face sheets showed thickness
dependent punch-shear response.

Max. improvement (about 40%) in energy absorption was
observed with Owens Corning HP ShieldStrand® glass fabric
face sheets compared to the E-glass/vinyl ester.




RESULTS —sANDWICH COMPOSITES

Five distinct peaks indicates
failure of each woven lamina.

Load reduction is very less
and slow.

Plunger could not penetrate
the 2.25” thick sandwich
specimen deeper than 0.6” (15
mm).

Lot of hinges depicts
uneven resistance due to ripped
fiber and core materials.

RESULTS —sANDWICH COMPOSITES

Spatial non-uniformity of the core resulted in larger data
scatter, with the average response of T§ysandwich
composite .

PVC and Balsa sandwiches absorbed more or less same
energy.

Eco-Cor@ sandwich composites absorbed approximately
85% more energy mostly due to the high density core.




CONCLUSION

More than 10% improvement in impact energy absorption
with addition of 2.5 wt. pct. graphite platelets to pure vinyl ester,
whereas addition of nanoclay and 1.25 wt. pct. graphite platelet
reinforcements showed detrimental effect.

Owens Corning HP ShieldStrahdlass fabric face sheets
showed maximum improvement in energy absorption (g
40%) compared to the E-glass/vinyl ester.

Fly-ash based Eco-Cdétsandwiched in between E-
glass/vinyl ester face sheets absorbed about 85% more energy
than with Tycor®, Balsa wood and PVC foam cores.

Cross section microscopy of the damaged samples is ongoing
for a better understanding of the energy absorption mechanisms.
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