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ABSTRACT

This paper describes the attempts made in developing a passive smart material by the integration of electrical
inserts in the FRP components and studying the electrical & mechanical behavior under different loading
conditions. FRPs are fabricated with copper inserts and are tested to study the resistive and capacitive behaviors
of prepared specimens. FRP components are also tested for tensile, bending, compression and impact strengths to
determine the effect of metal inserts. Prepared smart material is used in the Quadra-copter arms that contain a
built-in sensing capabilities as well improved strength to weight ratio.
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INTRODUCTION

Fiber-reinforced plastic (FRP) is a composite matenade of a polymer matrix reinforced with fibef$e fibers
are usually glass, carbon, basalt or aramid. Thenper is usually an epoxy, vinyl ester or polyesteermosetting
plastic, and phenol formaldehyde resins are usB®PsFalways give the feature of high strength togiveratio.

They also possess light, strong and high corrosésistance properties. FRPs are commonly usectinglospace,
automotive, marine, and construction industriesna@ materials possess the ability to change tpkirsical

properties in a specific manner in response to iipestimulus input. Smart materials can be eitlhetive or

passive. Active smart materials possess the cafyatul modify their geometric or material propegiender the
application of electric, thermal or magnetic figlttsereby acquiring an inherent capacity to transdenergy.The
smart materials, which are not active, are call@ssjve smart materials fiber optic materials iadyexample of
passive smart materials. Such materials can asemsor not as actuators or transducers. This abarameters
provided the motivation for the research and dgmalent of composite.

Some researchers such as Haertling et al presesgdus ceramic formulations; their form (bulk, nfis),
fabrication, function (properties), and future described in relation to their ferroelectric natarel specific areas
of application [1]. Goldfine et al demonstratedzmielectric smart materials using shape memory al{&HA) and
piezoelectric smart materials can be used for farmasurements. Arrays of small inductive coils,ceth
throughout the shaped field, sense the response éanducting or magnetic unexploded ordnance (UX0J
clutter. To help address the need for a field aldéection and clutter suppression capability, higsolution
inductive arrays are being developed for UXO imggjR]. Schlicker et al shows the inductive and catpae
sensor capabilities and arrays are used for imagiburied objects. These sensor arrays use urig@segns
incorporating a single drive with multiple senseereénts [3]. Kon et al depicts both piezoresistived a
piezoelectric materials are commonly used to des#din caused by s tructural vibrations in maaales
structures. Piezoresistor geometries are optimiaesffectively increase the gage factor of piezistee sensors
while reducing sensor size. The MEMS strain senspescapable of high sensitivity measurements,estlip
differing constraints [4]. Wang et al, the smarttFRFBG composite laminates Fabrication and seriRingerties
and the OFBG sensors are embedded successfuliyefasuring strain & temperature [5].

Fuchs et al., a measurement principle for onlinéstnoe determination of wood pellets that is bagedapacitive
sensing. Conclusion is the test boxes are develogety capacitive sensor for detecting moisturevaod [6].
Florian Schiedeck et al., this work investigated dascribes the use of super elastic shape mertioyg 4SMAS)
for pre-stressing piezoelectric actuators. The@mectric smart materials can be used for forcasueements [7].
Lu et al, sensing and actuating capabilities of S¥ddymer composite integrated with hybrid filleh&e memory
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polymer composite smart materials are developednfiany potential applications [8]. Sharma et al, Non
Destructive Testing (NDT) of materials using capigei sensing technique, concluded that voids in FRRferials
can be detected using capacitive sensing [9]. Hitenature survey it is learnt that potential wdrks been carried
out in developing passive smart materials, butisgnsapabilities of these are limited to some caitipositions
only. It suggests that by selecting proper reirdoments in FRP composites, mechanical strength hssveensing
capabilities of smart FRPs is increased considgrabl

Proposed paper aims at integrating mechanical piiepeof FRP composites with electrical propertdésnetal
inserts. The synergetic integration of these tveal$eto the passive smart materials having robusttstre with in-
built sensing capabilities.

MATERIALSAND METHODS
Fiber Material
In FRP material, fiber is used as reinforcementeniat In present research work, glass wool is riakie the
reinforcement and combined with epoxy matrix. Glass| is non combustible, non-toxic and resistantdrrosion.
It has low weight by volume, low thermal condudiyyistable chemical property and low moisture apton rate.
It is having different thermal and mechanical pmbps. Glass wool is the best insulating matergdiast noise,
cold and heat and excellent fire resistant propertBarium carbonate, calcium carbonate, magnesarbonate,
arsenic oxide and sodium carbonate these are thenederials. Nylon and polysulfone are preparafiooducts are
used as chemical properties of glass wool. Miximg taw material and melting them to form glassmiag fibers
and finishing the production using these threesstgpss wool is manufacturing. Glass wool is usefixed wing
aircraft, helicopters, cavity wall insulation, ¢eg tiles and also used insulating piping and spuoadfing.

Matrix Material

In fabrication of composite materials the matrixtemgl plays an important role. The different typafsmatrix
materials, polymer matrices are the most commoskydubecause ease to fabricate the complex paitslegs
tooling cost and also have excellent room tempeggitoperties. Epoxy, vinyl ester, polyester andrfics are the
most commonly used thermoplastic resins. Among thepoxy resins have many advantages such as good
performance at different temperatures, excellemdbw nature with variety of fibers and superioeottical and
mechanical properties. It is also have low shriekag on curing and good chemical resistance. Almogetioned
thermoplastic polymers in that epoxy (LY 556) hayviseveral advantages and it is chosen as excetiatrix
material for the present research work. Common nafre@oxy is Bisphenol-A-Diglycidyl-Ether.

Electrical Inserts

Electrical inserts are work as a particulate fiteaterial and improves the mechanical propertieBRPs. various
types of electrical inserts are used as filler maliein FRP materials. Among them thin sheetsogfper, aluminum
foil, copper wires, brass strips etc. are commardgd. Copper thin sheets are having good mechastieadgths,
light weight, low cost and good physical propertié#he FRP materials without copper thin sheets hanvg

mechanical properties. A systematic integrationttof copper sheet in a FRP material not only ineesathe
mechanical properties, but also gives sensing dlitpebto the structure.

Specimen Preparation

Various types of FRP fabrication techniques ared use integration of inserts with FRPs. In presesmirk, open
mould technique is used. After layup, each moulduied in room temperature for 24 hours. Moulds@epared
by using PVC material. Cellophane tape is usea¢émering mould. Specimens are prepared for mechht@sting
as per ASTM standard. Fiber volume ratio is manaa in the mould by using precision measuringrureents.
Table-1 shows the mixing ratio and the propertiethe mix. Table-2 shows the designation of the posite with

electrical inserts.
Table-1The Properties of the Mix
a. Mixing ratio

Epoxy LY 556 10 parts by weight
Hardener HY 951 01 parts by weight
b. Properties of the mix
Viscosity at 25C 1700mPa-s
Gel time at 28C 40-50 minutes

Table-2The Designation of the Compositewith Electrical Inserts

Composites Compositions

Bending Specimen Epoxy (60grm) +Glass Fiber (25wt %) +Copper Thie&h25%)
Compression Specimen Epoxy (25grm) +Glass Fiber (25wt %) +Copper Thie&h25%)
Impact Specimen Epoxy (40grm) +Glass Fiber (25wt %) +Copper Thie&Hh25%)
Tensile Specimen Epoxy (50grm) +Glass Fiber (25wt %) +Copper Thie&h25%)
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RESULTSAND DISSCUSSION

Characterization of the Composites (M echanical Strengths)

The bending, compression, impact and tensile tastperformed on prepared specimens. The Fig.-lg&2Fshows
the specimens with electrical inserts before anératesting. As per ASTM standard recommendatidhs,
specimens are tested with fibers and electricartagarallel and perpendicular to the loadingdiioms. Table-3
shows the five samples sizes prepared for mecHaesting as per ASTM 638, 256 test standards.

Impact Specimens Tensile Specimen

e » g ——

Compression
Specimen
Fig. 1Theflat specimenswith electrical inserts beforetestin

Bending Specimen

Bending Specimen

Compressmn

Impact Specimens
Specimen

(1zode)
Tensile Specimen

Fig. 2Theflat specimenswith electrical inserts after testing

The mechanical strengths of the composites forsgfder reinforced epoxy with electrical insert® ahown in
Table-4. The results are promising as they yieldetter results compared to the specimens prepaitwul
electrical inserts. Mechanical properties are caalpla with the Mild steel.

Table-3The Specimen Dimensions as per ASTM Standards

Composites Dimensions as per ASTM standards
Bending Specimen 165mm X 19mm X 10mm (ASTM 638)
Compression Specimen 25mm X 14mm X 14mm (ASTM 638)
Impact Specimen
Izode 60mm X 10mm X 10 mm (ASTM 256)
Charpy 60mm X 10mm X 10 mm (ASTM 256)
Tensile Specimen {[165mm X 19mm] — [(55mm X 13mm) + R17]} X 10mm (A™ 638)

Table-4 The Mechanical Strengths of the Compositesfor Glass Fiber Reinfor ced Epoxy with Electrical Inserts

Name of Tests Compositions M echanical Strengths
Bending Specimen Epoxy (60grm) +Glass Fiber (25wt %) +Copper Thie&h25%) 120 Kg/ mm
Compression Specimen Epoxy (25grm) +Glass Fiber (25wt %) +Copper Thie&h25%) 1375 Kg/ mm
Impact Specimen

Izode Epoxy (40grm) +Glass Fiber (25wt %) +Copper Thie&h25%) 0.025 J/ mra
Charpy 0.028J/ mrh
Tensile Specimen Epoxy (50grm) +Glass Fiber (25wt %) +Copper Thie&h25%) 370 Kg/ mm

Study of Sensing Capability

Prepared specimens are tested to verify the semsipgbility of the material. The inserts in the @pens are
arranged in a suitable pattern to achieve mechestiength as well as sensing capabilities. Figh@ws one of the
arrangements to check the touch sensing capabiliiethe materials. In this inserts are embeddethénFRP

material in the matrix form. FRP material is cortedcwith the electronics circuit that will processd display the
sensed information. Electronic circuit contains nmdontroller, which will check the sensory circuit every

scanning cycle and display the output accordinféaouch input.

Application

FRP materials integrated with metal inserts ared ufese developing Quadra-copter arms. In Quadraerop
development, weight reduction and the electricaingiis a key requirement. The copper reinforc®PFarms are
developed for the Quadra-copter. These arms ha% @0re strength to weight ratio than the traditloplastic
arms. The copper inserts are used to monitor timedaflection during quadra-copter’s flight. The esdtded copper
inserts inside the FRP will also make path for teleal connections. Fig. 4a & 4b shows the Quadnater with
plastic arms and developed Quadra-copter arms.
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before touch after touch
Fig.3 The specimen with electrical insert working as capacitive touch sensor

actual Quadra-copter arm Developed Quadra -copter arm

Fig. 4The actual quadra-copter arm and smart material quadra-copter arm

CONCLUSION

Copper metal strips are successfully reinforceddenghe FRP composite by using hand layup technique
Mechanical test results shows that the copper tsisecrease the material strength. The Quadra-ce@ptas are
effectively fabricated using copper reinforced FRBterial. This resulted in weight reduction, easavioing and
deflection sensing capabilities of the arm.
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