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ABSTRACT: The aim is the fabrication and mechanical testigsandwich structures
including a new core material known as fiber nekwsandwich materials. As fabrication
norms for such a material do not exist as suchth& primary goal is to reproduce
successfully fiber network sandwich specimens. Boéd vibration testing diagnoses the
quality of the fabrication process. These sandumeterials possess low structural strength as
proved by the static tests (compression, bendibg),the vibration test results give high
damping values, making the material suitable fbra4acoustic applications where structural

strength is of secondary importance e.g., intgpaaklling of a helicopter.

KEYWORDS: Sandwich Fiber Network Materials, Mechanical Tregt Vibration Testing,
Damping
BACKGROUND AND MOTIVATION

Characterization of fiber network sandwich materiabth statically and dynamically
presents a new challenge for the domain of mechhtésting. The determination of the
sandwich material behavior under crushing loadsthedneasurements of the ductile fracture
limits is normally done with the help of compressitests [1,2]. Typically, cores are the
weakest part of sandwich structures and they faé tb shear. Understanding the shear
strength properties of sandwich core plays an itaporrole in the design of sandwich
structures subjected to flexural loading [3,4]. fEfere, 3-point bending tests are often
performed to find the flexural and shear rigidit@ssandwich beams [5-7]. The vibration
characteristics of sandwich materials have drawrchmattention recently. The dynamic
parameters of a structure i.e. natural frequenaeypming and mode shapes are determined
with the help of vibration testing which providdsetbasis for rapid inexpensive dynamic

characterization of composite structures [8]. Dwirs [9] gave a detailed overview of the
1



vibration based methods. A wide amount of literatigrpresent related to vibration testing of
composite sandwich structures [10-16]. The equatitiat explain the dynamic behavior of
sandwich beams are described extensively in tleeatilre and notably in the references
[17,18].

The importance of material damping in the desigocess has increased in recent
years as the control of noise and vibration in tpgkcision, high performance structures and
machines has become more of a concern. At the samagecomposites sandwich researchers
have focused more attention on damping as a desigable [19,20]. One way of increasing
damping in sandwich materials is by putting a veastic layer as core between the two
laminates [21,22]. Jueng and Aref reported thatds@h structures with combined
honeycomb-foam cores have higher damping than tiwitbeindividual honeycomb or solid

viscoelastic cores [23].

These advancements have led to the need for déwglopaterials possessing better
damping characteristics. New materials like fibetwork materials can be used as potential
dampers and sound absorbers in specific applicatika the inner paneling of a helicopter,
where structural strength is not the primary regmient. Fiber network materials are made
from natural materials (wool, cotton etc) as wsllaatificial ones (carbon, steel, glass etc) and
are quickly becoming of widespread use as soundrbbss [24]. Bonded metal fibers
network materials offer advantages for use as éeetanger [25] or insulation [26]. These
materials possess low relative density, high ptyosind are cost-effective. Sandwich
structures normally consist of two thin skins sepeat by a thick core. Traditional core
materials are usually honeycomb, foam or balsae®bg a novel type of sandwich has been
developed with bonded metallic fibers as core meltdR7-31]. This material presents
attractive combination of properties like high specstiffness, good damping capacity and
energy absorption. Fiber network materials withboar fibers have been also studied for
using as core material [32]. Entangled cross-linkaidbon fibers present many advantages as
core materials i.e., open porosity, multifunctionaterial or the possibility to reeve electric
or control cables on core material. L. Mezeix etsalidied the mechanical behavior of fiber
network materials in compression [33]. Mechaniedting has also been carried out on
specimens made of wood fibers [34], glass fibeB& fhd various matted fibers [36]. There
are also some works in the literature related ton8fleling of wood based fibrous networks
based on X-ray tomography and image analysis @#ough few works can be found in the

scientific literature devoted to the mechanicalitgsof sandwich fiber network materials, and



in fact no scientific literature can be found retato the vibration testing of sandwich fiber

network materials or even simple fiber network mats.

Therefore, the main motivation of this work is tevelop a process in order to
fabricate sandwich fiber network specimens, angsbthem both statically (compression and
bending tests) and dynamically (vibration test)brdtion testing is used to diagnose the
quality of the fabrication process and to verifg thotential damping capabilities of these

sandwich specimens.

MATERIALSAND FABRICATION PROCESS

CoreMaterials

The core of the sandwich test specimens usedismatticle consists of carbon fibers
that are made of a yarn of standard carbon filamenhe specifications and materials
properties are presented in Table 1. The fiberpareided by the company Toho-Tenax. For
the cross-linking of carbon fibers, epoxy resinsged. The epoxy resin SR 8100 and injection
hardener SD 8824 are used provided by SICOMIN.tiAdl test specimens presented in the
article are carefully weighed using METTLER balan&ebetter vaporization is achieved if
the resin is heated up to 35°C before being sprayethe carbon fibers. This allows the

mixture of resin and hardener to become less viscou

Skin Materials

Resin-containing carbon-fiber/epoxy prepreg of TRMEL is used to fabricate the skin
materials. The material is supplied by Hexcel cosifes, the physical properties are set out
in Table 1. The skin materials are made of unidioeal pre-impregnated plies of type
T700/M21 [38]. The upper and lower skins consisfooir plies each with a stacking sequence
of [0/90/90/0] [39]. The skin properties can bettier viewed in Table 1.



Table 1. Core and skin properties of the sandwich fiber network material

Core Properties

Type of Fibers HTS-5631 Elastic Modulus 240 GPa
Length of Fibers 10mm Diameter of Fibers uny

Skin Properties

Type T700/M21 No of Plies in the Upper Skin 4
Stacking Sequence  [0/90/90/0] No of Plies in thevéoSkin 4
Thickness of Ply 0.125mm Thickness of Upper Skin  0.5mm
Density of Laminate 1580 kg/mi Thickness of Lower Skin 0.5mm

Fabrication Process

The fabrication of fiber network specimens is oftetedious and complex process. As

these types of materials are still mostly in theeegch phase, so as such standard fabrication
processes do not exist. The fabrication procedsegl in this article is the one developed by
Mezeix et al. [33]Objectiveof this fabrication process is to ensure thatdhest specimens
can be successfully reproduced with a relativecieificy, having the same composition. For
this purpose, vibration testing is used to diagnbgequality of the fabrication process. The

three types of test specimens used in this adideshown in Figure 1 and their specifications

are provided in Table 2.

Sandwich Network Fiber Specimens

Vibration Test Specimen
Bending Test Specimen

‘Bunch of Fibers after
‘Chemical Treatment

b

Fiber Filament 30mm

Figure 1 Core Material and Sandwich Test Specimens (coraaesbending and vibration)



For the test specimens used in this article, apprately 900 g of fibers of 10mm
length are cut manually. The carbon fibers are tineated in a solution of dichloromethane
for 24 hours and are then cleaned for 2 hours itham®l. A cut fiber filament along with a
bunch of fibers after chemical treatment is showrrigure 1. These uncoated carbon fibers
are then separated bybé&ast of compressed air. The mixture of resin and hadés then
sprayed on the separated carbon fibers by a s@iay gun. In case of larger test specimens,
the volume of carbon fibers is large, so with therent technology it is not easy to spray the
resin equally on the carbon fibers. Therefore, gactu test specimens fabricated from the
same mold differ a little in weight due to the ininmgeneous distribution of the manually
sprayed resin (Table 4). The fibers vaporized leyrésin are then placed in the mold between
the two skins of unidirectional composites. In artepolymerize the fiber network sandwich

specimens, the mold is then heated in an oven @p@&C for two hours in a press [38].

Table 2. Types of Test Specimens and Molds

Specimen Types and Specifications

Compression Bending Vibration
Tests Tests Tests
Length (mm) 30 140 480
Width (mm) 30 20 50
Core Thickness (mm) 10 10 10
Skin Thickness (mm) 1 1 1
Mold Types, Specifications and Usage
Type of Molds Dimensions No and Type of Specimens
(mm’)
Small 510x65x 11 01 Vibration Test Specimen
Large 510 x 250 x 1102 Compression Test Specimens

03 Bending Test Specimens
04 Vibration Test Specimens

First the small mold is used to fabricate a single \tibratest specimen with a fiber
core density of 100 kg/fn This specimen showed that 100 kg/fiber core density is
relatively insufficient for a volume of 480 x 5010 mnT, as there are places in the core of the
sandwich beam that lack sufficient quantity of fdbeSo for the next vibration test specimen,
a fiber core density of 150 kg#is chosen. As compared to the previous specinileer (€ore
density of 100 kg/rf), the specimen with 150 kg?nfiber core density has a far better fiber
distribution. Finally a vibration test specimen lwia fiber core density of 200 kginis
fabricated by using the same small mold. It is st a fiber density of 200 kgfnfor the
core is on the higher side and it is not possibleclbse the mold properly. So for the
fabrication of the next batch of specimens, a fibae density of 150 kgffris chosen. The



composition of the vibration test specimen havirfiper core density of 150 kgfhfiabricated

from the small mold is presented in Table 3.

Table 3. Composition of vibration test specimens having fiber core density of 150 kg/m?
fabricated from the small and large mold

Small Mold LargeMold
Density 150 kg/m® 150 kg/m® (Light) 150 kg/m®(Heavy)
Weight of Fibers 399 39¢ 399
Weight of Resin & Hardener 43 g 18 ¢ 43 g
Weight of Skin (Upper + Lower) 38¢ 389 3849
Total Weight of Specimen 120 g 95¢g 120 g

In the next step a large mold is used to produckiple test specimens. The aim of
using the large mold is to produce multiple tegtcamens possessing the same characteristics.
The fiber core density is kept 150 kg/ras discussed previously. The specifications, the
guantity and the types of test specimens that aarexiracted from the large mold are
mentioned in Table 2. First the large mold is usethbricate test specimens having the same
composition as that of the single vibration testcgmen fabricated from the small mold.
These four vibration test specimens fabricated ftbenlarge mold are referred to as heavy
specimens in the article. The average compositidheofour heavy vibration test specimens
is presented in Table 3. Next, the same large nwldsed to produce relatively lighter
specimens. They have approximately 25 g less naxtfr resin and hardener than the
previously produced heavier specimens. These spesinshall be referred to as light
specimens in future discussions (Table 3). The rattithe mixture of resin and hardener in
the heavy specimens is approximately 2.5 times rtlwag that of the light specimens. The
weight comparison of the vibration test specimetsi€ated from the small and large mold is
presented in Table 4. The difference in weighteolesl between the specimens is due to the

uneven distribution of the manually sprayed resin.

The difference in resin between the heavy and lgglgicimens can also be observed
with the help of a scanning electron microscopeMEEigure 2 shows SEM observations on
heavy and light specimens. In case of the heavgirmee (Figure 2a), the resin can be seen
all along the length of the fibers and is seldonthie form of droplets. On the other hand, for
the light specimen (Figure 2b), droplets of resin be seen at the fiber joints but the presence

of resin along the fiber lengths is negligible.



Scanning Electron Microscope (SEM) Tests

30um '

Figure 2 SEM observations (a) heavy specimen (b) light ispeic

EXPERIMENTAL PROCEDURE

Compression Tests

The quasi-static compressive response of the sahdiber network test specimens
are measured in 100 kN Instron machine. The aito alculate the elastic modulus. Both
light and heavy compression test specimens aredie3the specimen size chosen for the
compression tests is 30 x 30 x 11 mm. The testises are placed between the moveable
and the fixed plate as shown in FigurélBe displacement of the machine is used to measure
the displacement of the test-specimen. As the gigdrmaterials are not very rigid, therefore
a relatively small force is applied to compresseh&angled sandwich materials. As the force

is small, so it is safe to assume that the displece of the machine is same as the
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displacement of the specimeriThe applied velocity of v= 2 mm/min corresponds to a
nominal strain rate of = 3x10%s at the beginning of the test. The maximum apdbed is
20 kN corresponding to 22.2 MPa. To analyze theeempental results, the following
definitions for the true strain and stress are used

Strain, £ = In(hﬂj 1)

0]

Stress, 0 = % (2)

where h is the height during compressibis the initial height of the sampl8,is the area
during compressiors, is the initial area an# is the applied force. In our case, the a%ea
varies very little during the compression tests,itss assumed tha® = &. No lateral
displacement of the test-specimen is observed gluhia compression tests and the section

remains constant. So it can be concluded that trereo barreling effects.

Compression Test

Compression Test
Specimen
30x30 x 11

Movable Plate

Fixed Plate

Figure 3 Test Specimen between the fixed and moveable glaieg compression test

Bending Tests

In order to measure the shear modulus of thespestimens, three point bending tests
are carried out on the heavy and light bendinggdpstimens on a 10 kN Instron machine. As
discussed previously, these specimens are fatdidatm the large mold and have 150 kg/m
fiber core density. Thelimensionsof these test specimens are 140 x 20 x 11 mm laad t
distance between the two supports is 80 mm, theeehad which is based on the three-point
bending tests carried out in detail in referenc@.[3he applied velocity isqv= 1 mm/min

and the maximum applied load is 100 N. Round dbee$ or pipes are used as supports
8



having a diameter of 6 mm which is not less thaa loalf the core thickness (5 mm) and not
greater than 1.5 times the sandwich thickness aA&M standards [7]. The three point
bending test is shown in Figure 4.

Bending Test

Bending Test
Specimen
140x20x11Tmm

Figure 4 Test specimen between the three supports dunpay® bending test

For the analysis of a sandwich beam under threetf@nding, consider a sandwich
beam of widthb and lengtH, comprising of two identical face sheets of thiekst; and core
of thicknesd.. Also h is the spacing of the mid plane of the face shigetst. + t;), as shown
in Figure 5.

Schematic of a Sandwich Beam under Three-Point Bending Test

Figure 5 Schematic of a sandwich beam under three pointibgrsthowing geometrical

parameters



The loadP is applied at the centre of the beam. The maxirdeftection of the beam
is due to both flexural and shear deformations. Sttear deformation idominantin the core

and hence, the approximate expression for theiel@eflection can be expressed as:

3
Maximum deflectiong = i + i
4 4S5

3)

The bending stiffnes® and the shear stiffneSs are given by

2
Bending Stiffnessp = EStSThh (4)

Shear StiffnessS, = bhG, (5)

whereE;s is the elastic modulus of the skins a@gis the shear modulus of the core. The
maximum deflectiond is calculated experimentally by the three-poimidieg test, the only
unknown is the shear modul@s which is calculated by putting Equation (5) in Bgan (3).
Equations (3-5) are only valid for the beginninglod bending tests when the deflections are

relatively small.
Vibration Tests

The experimental equipment used to obtain the tidwdest results discussed in this
paper is shown in Figure 6. The experimental seisupat of a free-free beam excited at its
center, based on Oberst method [40]. The Oberdtadedtates that a free-free beam excited
at its center has the same dynamical behavioraa®fta half length cantilever beam. The test
specimen is placed at its center on a B&K forcesseftype 8200) which is then assembled
on a shaker supplied by Prodera having a maximuoe fof 100 N. A fixation system is used
to place the test specimens on the force senser.fiXation is glued to the test specimens
with a HBM X60 rapid adhesive. The response dispiaents are measured with the help of a
non-contact and high precision Laser Vibrometer €898 provided by Polytec. The shaker,
force sensor and the laser vibrometer are mangullatth the help of a data acquisition
system supplied by LMS Test Lab.

10



Experimental Set-up for Vibration Tests

Laser

Vibrometer Test Specunen

| |
/’L Force Sensor

Fixation - Shaker
Svstem

L ___ 5

Figure 6 Diagram of the experimental set-up

The center of the test specimens is excited attPdinas shown in Figure 7. Burst
random excitation is used which is a broadband gxmiation signal (0-2650 Hz). The signal
is averaged 10 times for each measurement pointniHg windows are used for both the
output and the input signals. The linearity is &®ec and a high frequency resolution
(Af = 0.25Hz) for precise modal parameter estimat®moised. Response is measured at 41
points that are symmetrically spaced in three ralesg the length of the beam. The modal
parameters are extracted by a frequency domainmedea estimation method (Polymax)
integrated in the data acquisition systétnlymax is a further evolution of the least-squares

complex frequency-domain (LSCF) estimation method.

Vibration Test Specimen

l ® [ ] [ ] L ] [ ] [ ] L ] [ ] L ] L ] [ ] 1 1
21 '
00.......%}.0....... 50mm
20mm
3] e ® ® ® ® ° ] ® ° ° ®
41
40mm 40mm
430mm
o Measurement Points + Excitation Point

Figure 7 Vibration test specimen specifying the location exfcitation and measurement

points
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RESULTSAND DISCUSSION

Figure 8 compares the results of the compres@sis tcarried out on the two heavy
and two light specimens. As explained previoushg fiber core density of all the four
compression test specimens is 150 Kg/ithe ratio of resin and hardener in the heavy

specimens is 2.5 times than that in the light ones.

Compression Test Results

25

~#-Heavy Specimen 1
——Heavy Specimen 2
20 -4 Light specimen 1
-o—Light Specimen 2

15 1

w©
o
= 0.75 =
— -
@ 05 r
© 10 ' P taall
= 0.25 .
0 T

0% 5% 10% 16% 20%

sl

09 50% 100% 150% 200% 250%
Strain (%)

Figure 8 Compression stress/strain curves for the heavylight fiber network sandwich
specimens (150kg/frfiber density). The zoomed view shows the lindastic phase used for

calculating the elastic modulus

From the graph (Figure 8), it can be noticed thate is a good reproducibility of
compression tests carried out on the two typesbef hetwork sandwich specimens. In case
of the heavy specimens, compression curves mova fitee right to the left and the
densification starts for smaller strains (100 %tf@ heavy specimens). The extra resin in the
heavy specimens results in better cross-linkintheffibers and increases the initial stiffness
of the material which is evident by the linear-agtaphase which is quite prominent (zoomed
view in Figure 8). The heavy specimens show a thedastic behavior up to around 0.8 MPa.
The calculation of the elastic modulus is basedhsn linear-elastic part of the curves as
shown in the zoomed view in Figure 8. Even if tltress-strain curves shown in Figure 8 are
highly non-linear, there is a linear-elastic partcase of the heavy specimens. The elastic
modulus is calculated by measuring the slope o linear-elastic part as explained in the
ASTM standard in reference [41IThe average elastic modulus for the two heavyispats

12



is around 1.4 MPa. However in case of the lightcBpens, one has to compress longer in
order to achieve densification (strain around 16§0a%othey are less rigid as compared to the
heavy specimens due to the lack of resin. The fiakestic phase is non-existent in case of the
light specimens so the calculation of the elastadulus is not possibléJnloading has not
been performed to reveal the effects of plastib#gause it is not in the scope of this work.
The authors are mainly interested in the lineastelgpart in order to calculate the elastic

modulus which shall be used in future for the mogedf the entangled sandwich beams.

Three Point Bending Test Results

-160

—Heavy Specimen 1
—Heavy Specimen 2
——Heavy Specimen 3
-120 Light Specimen 1
—Light Specimen 2
—Light Specimen 3

Force (N)
@
o

Appearance of first

damage in the skin

0 2 4 6 3 10 12
Deflection (mm)

Figure 9 Force-deflection curves measured under three-fii@ntling tests for the two types

of fiber network sandwich specimens. The appeararicine first damage in the skins is
indicated

The aim of the bending tests is to calculate tieod plane shear modulus. Gf the
fiber network sandwich materials with the help loé Equations (3-5) as discussed before. It
can be seen from the force-deflection curves infeé® that despite the complex nature of the
fabrication process, the results of the three heavwell as the three light specimens show a
relatively good correlation. In case of the heapgamens, the first damage in the skin
appears around the 4-5 mm mark, whereas for th&eligpecimens the first damage signs are
after 10 mm. In addition, lesser force is requirethe case of the light specimens to crack the
skin. The average shear modulus for the heavy @as is 10 MPa, and for the light
specimens is 4 MPa. The values of the elastic hedranodulli are considerably low from a
structural strength point of view. It is importdatunderline here that these types of sandwich
specimens are designed for specific applicatiomg dime main idea behind the fabrication of
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these sandwich specimens is to have a materiah@p@aaod damping characteristics even if it

does not possess high structural strength.

The aim of the vibration testing is to diagnose vhariability of the fabrication process
and to extract the global modal parameters i.¢yrabfrequencies and damping ratios. The
modal parameters for the first four bending modes sdudied. Firstly, vibration tests are
carried out on the vibration test specimen fabeddtom the small mold and then on the four
light and heavy specimens fabricated from the langdd. The modal parameters extracted
from 41 high quality frequency response functionshwhe help of Polymax algorithm
integrated in the LMS data acquisition system,mesented in Table 4. As discussed before,
the difference in weight between each of the faavy and light specimens is due to the fact
that with the currently available fabrication teology it is difficult to spray the resin equally
on the fibers. This difference in weight is alsadewt in the natural frequencies of these
specimens (Table 4). The heavy specimen 5 and $igatimen 6 have comparatively high

natural frequencies due to them being relativebvier in weight than the rest.

Keeping in view the difficulty level of the fabation process, a major aim of this
work is to successfully reproduce multiple sandwidder network specimens having the
same characteristics. For this reason, the intetd reproduce four vibration test specimens
identical to Specimen 1 (150 kgffiber core density and 43g of epoxy resin) inrgéamold.
The comparison of the modal parameters of Speciinesith those of the heavy specimens
(Specimen 2-5) show that large sandwich specimeits filber network core can be
reproduced with a relative efficiency. The natdrabuency of the first mode for Specimen 1
is 225 Hz (Table 4), where as for the heavy spetan{&pecimens 2-5) the average natural
frequency for the first mode is 211 Hz with a stamddeviation of 18 Hz. The main reason
for this dispersion is the uneven spray of resirthenfibers. So vibration tests have been used

here as a diagnostic tool in order to verify thaldgy of the fabrication process.

On the other hand, the light specimens (Specin®f¥ possess better damping
characteristics because lesser amount of resieases the friction between the carbon fibers
in the sandwich core (weakening the cross-linkiegMeen the fibers), which leads to higher
values of damping ratios (Table 4). It can be shat the vibration tests verify the results
previously found by the compression and the bentists, which also underline the softness
of the light specimens.

14



Table 4. Modal parameters comparison for the light and heavy vibration test specimens

fabricated from the small and large mold (150 kg/m? fiber core density)

Type of Specimen  Specimen Damped Natural Damping Ratios (%)
Specimen No Weight (g) Frequencies (Hz)
1st 2nd  3rd 4th 1st 2nd 3rd 4th
Mode Mode Mode Mode Mode Mode Mode Mode
Heavy 1 1200 225 622 1064 1536 0.331 0.386 1.17 1.24
(Small Mold)
2 124.1 222 652 1069 1550 0.331 0.386 0.622 1.235
Heavy 3 116.0 189 506 947 1493 0.464 0.697 1.204 1.263
(Large Mold) 4 118.6 202 562 981 1428 0.556 0.641 1.033 1.124
5 126.4 230 632 1107 1673 0.691 0.792 1.351 1.126
6 98.0 160 349 701 1217 275 329 265 159
Light 7 93.0 140 295 636 1160 3.31 218 398 1.25
(Large Mold) 8 94.7 145 311 680 1179 3.63 298 253 0.93
9 94.5 144 320 681 1171 3.62 259 228 1.10

The vibration tests results show that the heaegispens (Specimens 1-5) being more

dense are less dissipative in nature thus posggssier damping characteristics whereas, the

light specimens (Specimens 6-9) having higher dagipalues are more dissipative in nature.

This observation can be further explained by stuglyhe comparison of the sum of frequency

response functions (FRF) for Specimen 2 (Heavy) $oecimen 7 (Light) in Figure 10. The

resonance peaks for the first four bending modesdoh specimen are also highlighted.

An interesting global approach is developed nexbider to compare the average

vibratory level of the specimens. The average wiyalevel is calculated by taking the

average of the amplitude (in dB) of the sum of treguency response function for each

specimen. The sum of the frequency response fursctian be compared for all the vibration

test specimens in this article, as same numbereakorement points (41) has been chosen i.e.

symmetricity has been respected for all the spewsmi can be seen in Figure 10, that the
resonance peaks of the heavy specimen are moreega@nd possess higher amplitude than

the light specimen. The resonance peaks of thé $igacimens are comparatively rounded

specially after 800Hz. The average vibratory lg¥elL) is also compared for the two types
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of specimens, and it can be seen that the lightis@ms possess on average a 15 dB lower

amplitude than the heavy ones.

Comparison of the Sum of Frequency Response Functions

Heavy Specimen 2
Moade 1 =—TLight Specinen 7

/ +
Mode 2 Average Vibratory Level

g
= -30
=z
2
E LU oL (N IOl . S S N el N SRR 4P W W, S
4

120 F T R e T o e e A

Made 3 Maode 4
140 : : : .
1] 00 1000 1500 2000 2500

Natural Frequency (Hz)

Figure 10 Comparison of the Sum of Frequency Response Fumd¢#RF) for a light
(Specimen 2) and a heavy specimen (Specimen 7hdna®0 kg/m fiber core density.

From Figure 10, it can be inferred that the ddfese in the natural frequencies
between the heavy and light specimens signifiegsa In rigidity, whereas the change in
vibratory level signifies a reduction in the amypdie of vibration. The percentage change in
frequency and the change in vibrational level betwihe four heavy and four light vibration
test specimens (150kgirfiber core density) for the first four bending nesdare calculated
with the help of Equations (6) and (7) and the Itesyivalues are laid out in Table 5.

fu (k) ~ L (K) ©)
fiy (K)

wherefy(K) is the average frequency for the four heavy spees(Specimens 2-5) for thg k

mode and likewisé (K) is the average frequency for the four light specisn(Specimens 6-9)

Change in frequencwf) =

for the k, mode
Change in vibratory levelA@) =a,, (k) —a, (k) (7

whereay(K) is the average amplitude in dB for the four hegspgcimens for thezkmode and

a (K) is the average amplitude in dB for the four lighecimens for thezkmode
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Table 5. Changein frequency and vibrational level for thelight and heavy vibration test

specimensfor thefirst four modes

Model Mode2 Mode3 Mode4
% Change in Frequencf 30.1% 45.7% 343% 23.1%
Change in Vibratory LevelA@) 10.1dB 13.7dB 17.9dB 17 dB

Table 5 shows that the average change in frequiemaye first four bending modes
between the light and heavy specimens is approrin@®3 %. As the decrease in natural
frequency signifies a loss of rigidity, therefotecan be concluded that the lighter specimens

are less rigid than the heavy ones.

CONCLUSION

The aim of this article is to fabricate a sandwicaterial that possesses high damping
characteristics for specific applications like theer paneling of a helicopter cabin, even if
the structural strength of this material is on kweer side. For this reason, a new type of
sandwich material with fiber network materials asec and unidirectional carbon pre-
impregnated plies as skins is fabricated. The adganof the vibration testing is to diagnose
the variability of the fabrication process and w&rify experimentally the potentially good
damping characteristics of the fiber network samtiveipecimens. The static test results show
that the structural strength of these sandwich ispats is quite low but this is admissible
because the aim of these types of materials istnottural strength. The vibration tests on
these specimens showed that the lighter specimessesgs five times more damping and on
the average a 15 dB lesser vibratory level tharhdavier ones. Despite the complexity of the
fabrication process, large fiber network sandwiglecsmens are relatively successfully

reproduced.

In future, these types of sandwich test specinséiadl be fabricated with glass fibers
as core material with a view to improve the strangt the material. These sandwich
specimens shall be compared with classical sandwaterials with honeycomb and foam as
cores in order to compare their static and dyngroperties. In addition, impact tests shall be
carried out on these sandwich materials to stueyr impact toughness with the help of
modal parameter shiftsurthermore, the authors plan to model the entanggedwich beam
with measured core properties in order to calcullagenatural frequencies to compare with
the test result. As entangled sandwiches are donawd of sandwich materials, therefore such

comparisons will provide a verification of the mewesi core properties.
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