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A Unified Comprative Phonon Dynamical Study of Europium
Oxide (EuO) and Europium Sulphide (EuS)

S. P. Singh', Mudit P. Srivastava’, Awanish K. Singh’
' Deptt. of Physics, Govt.P.G. College, Lohaghat, Champawat, Uttrakhand, India
* Deptt. of Physics, SRMIST, Delhi-NCR Campus, Modinagar, Ghaziabad, (U.P.), India
* Deptt. of Physics, Shaheed Smarak Govt. Degree College, Yusufpur Mohamdabad, Ghazipur,
(U.P.), India

ABSTRACT

(4 systematic unified comparative theoretical analysis of Europium Oxide (EuO) and Europium Sulphide\
(EuS) has been investigated by a lattice dynamical model which include the effect of three-body
interaction (TBI) in the framework of second neighbor three body rigid shell model (SNTRSM) and
second neighbor rigid ion model (SNTRIM). These two includes long range Coulomb interactions, three

body interactions and short-range second neighbor interactions. The significance of these two
approaches thus obtained, have been applied to study the phonon dispersion curves (PDC), variation of
Debye temperature with absolute temperature, phonon density of states and anhormonic properties of
Europium Oxide (EuO) and Europium Sulphide (EuS) by the supplication of TRSM (three-body force
shell model) and TRIM (three-body force rigid ion model). It is concluded that our theoretical results
predicted by SNTRSM on phonon dynamics and derivable properties will be very much close to their
measured data. The present approach has revealed much better description of the crystal dynamics of the
solid than those reported by other models.

Keywords: Phonon dispersion curves, Rigid shell model, Rigid ion model, Debye temperature PACS
Nos. 63.20.-¢; 65.40.Ba; 78.30.-j
- J
INTRODUCTON
The electronic structure of Europium sulfide (EuS) and Europium Oxide (EuO) which is a group of
Europium Chalcogenides, solidifies in f.c.c. NaCl structure and are likewise called as uncommon earth
europium chalcogenides with incredible intrigue. Dissimilar to other uncommon earth mixes europium
chalcogenides by and large, show non-blended valance character. The investigation of cross section
dynamical conduct of these chalcogenides is fragmented even today because of deficient exploratory
information for phonon scattering bends or curves and a little consideration has been paid to it.

Despite the fact that europium chalcogenides have an enormous application as attractive
semiconductors, yet no genuine consideration has paid so for. Just barely any data about the optical
frequencies [3-5], versatile elastic properties [2] and magnetic [29, 30] have been introduced. Complete
test information on phonon scattering isn't accessible for these mixes aside from EuSe, for which
restricted data about phonon recurrence has been accounted for by Silberstein et al. [1]. Zeyher and
Kress have applied a phenomenological model (OSM) [14] to talk about the phonon dispersion curves
or bends (PDCs) and the combined density of states (CDS). Moreover, Osaka et al. [11] have examined
the phonon frequencies just for EuSe utilizing Breathing shell model (BSM). For better outcome
Mischenko and Kikoin [19] have changed Zayher and Kress overlap shell model (OSM) to foresee the
phonon scatterings bends of EuO and EuS. Every one of these analysts changed the dynamical network
by consolidating the charge thickness disfigurement impacts. Be that as it may, based on cover
accomplishments, their outcomes are for away from progress since none has thought about the many
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body associations (the primary significant term is three body connections) for these mixes. Because of
the unfilled 4f shells, the ionic radii of uncommon earth particle changes and in this manner covering of
the chalcogenides particles, likewise changes. The Europium chalcogenides show the deviation from
the Cauchy discrepancy C12=C44. The BSM utilized by Onsaka et al. [11] and Sakale etal. [25] of PDC
just clarifies the acoustic branches well. Thusly it is clear that OSM and BSM neglect to clarify the
optical parts of PDC of these crystals. It has been discovered that three body associations clarify well the
optical branches and Cauchy error both at the same time and effectively to practically all the ionic and
semiconducting crystals [17]. Also, these mixes showed solid optical phonon oddities all through the
Brillouin zone and exceptional acoustic phonon spread along [qqq] bearings. These realities
recommend that kinds of many-body collaborations are liable for the flexible and phonon irregularities
in these compounds. These have inspired the current creators to the fundamental need of two
phenomenological grid dynamical models. The point of this paper is to test the relevance and utility of
second neighbor three-body unbending shell model (SNTRSM) and second neighbor three-body
inflexible particle model (SNTRIM) for the acceptable portrayal of phonon scattering relations and
other phonon properties of these compound mixes .

THEORY

The general formulation of present Lattice Dynamical model is given by
(1) Three-body force rigid shell model (SNTRSM)
(1) Three-body force rigid ion model (SNTRIM)

The interaction system of present model thus consists of long range Coulomb and three body
interactions (TBI) energies. The next term is the form of SR overlap repulsive energy extended to the
next nearest neighbor ions in Europium Chalcogenides. As per the interaction system, the present model
may positively be the successful attempt for the dynamical description of these materials.

The general formulation of SNTRSM can be derived from the crystal potential whose relevant
expression per unit cell is given by
D= + "+ DT” ().

Where the first two terms represent, respectively, long range Coulomb and three body interactions (TBI)
energies. The next term is the form of SR overlap repulsive energy extended to the next nearest neighbor
ions. where first term @° is Coulomb interaction potential which is long-range in nature, second term ®"
is short range overlap repulsion potential operative up to the second neighbors and third term @™ is
three body interaction potential. The secular determinant D(q), is the (6x6) dynamical matrix which is

given by:
D(g)=(R+Z,CZ )—(T'+S,CY N(S+K
+Y.CY)(T" +Y.CZ.) (2)
The Number of adjustable parameters has largely been reduced by considering the short range

interaction to act only through the shells. This assumption leads to R=T=S. The expressions derived for

elastic constants corresponding to SNTRSM have been obtained as:-

At ) 1
—C,=[-5.112Z, + 4_ +5(‘~111+A22)
. 2

+%(BH +B,,)+9.3204£7) (3)
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o 5 1
—%(B“ +B,,)+9.3204£7] (4)

1..4
4:5 C,, =[2.556Z,+B +%(c{“ +4,,)
g )

+j(B“+BE)] (5)

In View of the equilibrium condition [(d @ /dr)o] We obtain.
B,+B,, +B,,=-1.165Z_ (6)

Where

z;=zz[1+%fﬂ} and &7 =Znf,

The term f; is a function dependent on the overlap integrals of the election wave-funtions and the
subscript zero indicates the equilibrium value. By solving the secular equation along [q00] direction and
subjection the short and long-range coupling coefficients to the long-wavelength limit q — 0, two
distinct optical vibration frequencies are obtained as:

2 . '(Zle)z 87 (2 .12
(Hop)pa =R == (7 +6£7) (7)
2 _pZ ‘)’ 4r _,
(‘,U(D; )q=0 e RO I’ﬁ ? Zm (8)
Since. in these compounds. @, =, at I' - point. therefore. Esq. (7) and (8) lead to the
eXpression:
Z2 +6£&7
7 /i 9)
S 21,

Where the abbreviations stand for

f;=1—(“1+“2}4—”2i
) v 3

By solving the dynamical matrix along [0.5. 0.5.0.5] directions at L-Point modified
expressions for o, (L). e, (L). o ,(L). and e (L). are as follows.

) e’ e'd;
me; (L)=R, +F(2A“ +B,——L

1
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+(§Jq£(2m +d,)? {1+{%]QL]_ (10)

2 2 42
me;,(L)=R, + E; g, T d

ay
e’ i -1
+{?]C1L(ZNJ +d2}2 1"‘{?}(}_] (11)
2 e’ e'd;
My (L) =Ry +—— 24y, + Byy ——
w %)
2 : iy
+{%JCIT(ZJ’" —0—(3?2)3 |:1+[%](ﬁ1]'j| (12)
2 . {?2 l elarll
myar, (L) =Ry +| — |(4,+5B, -
2V 1
e e i
g [H(?l_)(}] (13)

where
Cir = (G +2Cy )+ (Vi + 2, ) 2720, ]05.05.05

Cir =~{(Cia + Gy )+ (Mea + 204, ) 227210, |0.5.05.0.5 where (Cppe +Cyy ) and (¥, +F;,,) are

Coulomb and three - body coupling coefficients evaluated at L-point. polarizability is negligibly small
and the negative ion polarizability of nitride ion is almost zero. Therefore, it has been considered to
utilize the second neighbour three-body force rigid ion model (SNTRIM) for further calculations of

phonon frequencies.

In an attempt to solve the expressions for SNTRIM, all the Eqs (1-6) will remain the same , only the
difference is in the expressions from Egs. (7-13), which can be written as follows:
87e’

(o} )FO =R+~ (Z,+65") (14)
(uas) =R -27%(22) (15)
o SRS
Since. in these compounds. @, =@, at I'—point. therefore. Eqs (14) and (15) lead to the
expression:
Z, =—4Zrf, (16)

Again. by solving the dynamical matrix along [0.5. 0.5, 0.5] directions at L-point. the
modified expressions for @, (L), @, (L), @,,(L). and

@, (L) are derived as follows:
82 82 v 7
a;-w(L):R0+T(2AE+BEQ}+TCHZ; (17)
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IHEFGTEO(L}:RO+ {4ﬂ +~}B,,])+ c £ (18)

m

ML) =R+ (A s By O 7 (19)
v v
mywr, (L) = RD+ (4u+n3“)+ .( x (20)

where R, and C]'.!. have already been defined.

COMPUTATIONS AND RESULTS.

The input data along with their relevant references and calculated model parameters from SMTRSM
and SNTRIM for EuO and EuS are given in Table-1 and Table-2. A comparative result on phonon
dispersions curves from the two models have been shown in Figure-1and Figure-2. These results have
also been compared with the observed data of Kress etal [ 1].for visual comparison.

Table 1 Input data and model parameters for EuO
[C; (in10% dyne cm™). v(in THz), 1,(in10 cm) and &, (in1 0~ e’ )]

Input Data Model Parameters

Properties | Values | Parameters | TRSM TRIM
Cn |k & 0.7392 0.7238
Crp2 4.25 1070 -0.0119 | -0.0119
Caa 542 A 7.6432 7.564
Veo( ) 13.05 B -0.861 -0.8432
Vro( ) 5.460 di 0.4145 3

Io 2572 da 1.1721

a1 2.07 Y1 -2.0541

o2 2.40 ¥ -0.8448

Table 2-Input data and model parameters for EuS
[C; (in10" dyne cm™). v(in THz). 1,(in10cm) and e, (in10 > cm’)]

Input Data Model Parameters
Properties | Values | Parameters | TRSM | TRIM
Cu 13:1 7 0.6745 | 0.6522
Cn 1.10 rof’o -0.3005 | -0.3005
Caa 2573 A 8.5110 8.396
Vio( ) 8.01 B -0.7858 | -0.7598
Vro( ) 5.35 d 0.01634 )

To 2.984 d2 1.4081
01 1.5 Y1 -0.7943
02 35 Yo -2.1497

* Value extrapolated from measured PDC
** Reasonable value taken from ionic radii
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Fig. 1. Phonon dispersion curves for EuS

* Experimental points }E?:
DISCUSSIONAND CONCLUSION
From figure 1 and 2, it is clear that the results reported from SNTRSM for EuO and EuS. EuS are
comparatively more close to ensured data on PDCs. There are certain features in PDC of EuS which
deserve special mention. The three body interactions have influenced both LO and TO branches much
more than acoustic braches (LA and TA). Another striking feature of the present study is noteworthy
from the excellent reproduction of optical and acoustic branches.

The model parameters of TRSM and TRIM have been used to calculate the phonon spectra for allowed
48 non-equivalent wave vectors in first Brillouin zone. The frequency along with symmetry directions
have been plotted against the wave vectors to obtain the phonon dispersion curves (PDCs) from both the
models. These curves are compared with each other and with inelastic neutron scattering technique.

Since neutron scattering provide us only a very little data for symmetry direction, we have studied the
specific heat for complete description of frequencies. For this purpose the specific heat has been
computed at different temperature using Blackmann's technique [35] and corresponding Debye
temperature have been plotted against absolute temperature (T). .

It may be concluded that SNTRSM provides agreement which is certainly better than those fitted by
experimental researchers and SNTRIM, are very much close to the experimental values. Although,
qualitatively the agreement achieved from our present model SNTRSM is comparatively better than
some of the model values. In addition, some other researchers [ 18-24] of the field have also tried their
best to explain PDCs and other properties of europium chalcogenides but only with moderate success.
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Figure-3 Debye temperature variations of EuO and EuS

Furthermore, in order to increase the merit of this work, we have tested the adequacy of our model by
calculating [33] two phonon Raman/IR spectra and variation of Debye temperatures shown in figure-3.

In order to interpret them the critical point analysis has been used following the method prescribed by
Bursteinetal [36].

It may be concluded that the inclusion of the effect of short range overlap repulsive interaction upto
second neighbours in the framework of TRIM and TRSM is important in EuO and EuS. These are
probably the first reports of its kind and this will help the other workers to analyze their data in future.

Furthermore, It is expected that slight discrepancies still occurring between theory and experiment may
be further improved by including the effect of free carrier screening (FCS), Van der Waals interactions
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(if data are available in future) and by including anharmonicity of vibrations in the present model
(SNTRSM).
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Analysis 0Of Delaminated Hybrid Carbon Fiber Composites

'Hassan A. Alessa, ‘Steven L. Donaldson
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Dayton, OH 45469 USA

ABSTRACT

Fiber reinforced composite materials have been used increasingly in primary and secondary structures

in such applications as aircraft, satellites, automobiles, biomedical industries, marine, and sporting
goods. This growth is due primarily to the characteristics of composite materials, which include high
specific stiffness, high specific strength, and low density. Both carbon and glass fibers are often used as
reinforcing fibers, embedded in polymer matrix material. The glass fibers are inexpensive, have high
strength to weight ratio, but low stiffness. Carbon fiber is more expensive, but has a high strength to
weight ratio and high stiffness.

The delamination between composite layers is one of primary weaknesses in composite material
structure. The mode I peeling, mode 11 shearing, and mixed-mode I/11 are the most common delamination
fracture crack driving modes between interfaces. Delamination can then lead to a reduction in the
structural stiffness. If the structure has compression loading, buckling failure may ensue. The best design
approach may find a compromise between less weight and less cost by using a hybrid material approach
of both glass and carbon fibers. This research focused on a hybrid materials consisting of both glass and
carbon fiber embedded in a polymer matrix, undergoing mode I, mode I, and mix mode I/l static
interlaminar fracture. Glass fiber panels, carbon fiber panels, and hybrid panels were fabricated using
the wet layup / vacuum bag technique. The non-hybrid all-glass, all-carbon, and hybrid glass/carbon
were experimentally characterized by quasi- static testing in load frames. The specimen and material
geometries (especially at material interfaces) were analyzed using the finite element method. The
program Abaqus was utilized, including the cohesive zone method (CZM). Finally, the resulting fracture
surfaces were investigated using a scanning electron microscope. The result showed the fracture
toughness values of hybrid material (FG/CF) were between that of fiber glass and carbon fiber. Also,
fracture toughness increased due to fiber bridging under static mode I, mode 11, and mixed mode I/I1.

- J
INTRODUCTION
The application of composite material has been expanding in many structural engineering fields in
recent years. This increased use of composite materials is due to their low density, strength, high
stiffness, long fatigue life, corrosion resistance and ability to tailor their structural properties. [1].Large
structures such as ships, aircrafts, wind turbine blades, cars bodies, and satellites, are fabricated from
many materials and parts. Sometimes the structures have failure related to poor design or structural
aging. The most common mechanical failure in composite material is delamination, which is separation
of the ply layers. Delamination occurs between interfaces because it is the weakest zone in composite
materials. The delamination failure modes include mode I, mode IT and mix-mode I/Il Figurel.1.

W’ . P - "w

v v

Figurel.1 Mode I, Mode II and Mixed mode I/II. [15]
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Composite structures require durability, damage tolerance, long fatigue life cycle, long life, and
affordable cost for their light weight. Both carbon and glass fibers are often used as reinforcing fibers,
embedded in polymer matrix material. The glass fibers are inexpensive, have high strength to weight
ratio, but low stiffness. Carbon fiber is more expensive, but has a high strength to weight ratio and high
stiffness. A hybrid fiber approach is a combination more than two fiber types, in an effort to take
advantage of each material, to optimize the balance between properties and cost. For example, the
incorporation of carbon longitudinal spars in fiberglass wind turbine blades, wind of air craft and
sailboats[2, 3,4, 5].

The primary method to gain information regarding mode I, mode II and mix mode I/II delamination
resistance is by experimental mechanical testing. The test responses can then be simulation by using
finite element analysis software. This simulation program helps to understand the failure behavior,
especially due to mixed model loading. The last step is to examine the resulting fracture surfaces
carefully, to help identify energy-absorbing mechanisms that correlate to the mechanical test results.

LITERATURE REVIEW:

The most common delamination fracture failure type studies have been under mode I loading. Many of
people had been done mode I fracture on composite material experimental and simulation. The studies
considered to serve as an important back ground to the current work are discussed below. In 1982,
Whitney, Browning and Hoogsteden conducted mode I experiments with four different materials (AS-
1/3502, AS-4/3502, T300/V3778A, AS-1/ Polysulfone, and Bidirectional Cloth) carbon fiber
reinforced polymer. They calculated the critical energy release rate by using four methods (Area
method, Beam analysis, Empirical Analysis, and Center Notch) with different initial crack. [6]. In 1989,
N. Sela,O. Ishai and L.Banks, investigated how adhesive thickness effect on fracture toughness of
carbon fiber reinforced plastic between 0.04mm -1.0lmm. They found if increase the thickness of
adhesive will increase fracture toughness and the adhesive thickness range between 0.1-0.7mm [22].

In 1996, John A. Nairn studied the effect of residual stresses of mode I for double cantilever beam on
adhesive and laminate [7]. In 2007, A.J. Brunner, B.R K. Blackman, P. Davies used alternating 0°/90°
layers and increased fiber bridging between two beam by that increased delamination resistance [12].
P.N.B.Reisla, J.A.M. Ferreira,

F.V. Antunes, J.D.M. Costa, C. Capela studied crack initial length on carbon/ epoxy. After they obtained
the results of experimental, the specimens were analyze by finite element to creates carve P vs. With
different energy release rate and crack length [13]. In 2002, Mehdi Barikani, Hossein Saidpour, and
Mutlu Sezen used modified beam theory to study the temperature effect on fracture toughness with
different epoxy. They found increasing the temperature decreased fracture toughness [8,9].

In 2008, Solaimurugan, and Velmurugan did mode I fracture with kinds of fiber glass woven and UD
with stitched and without stitched. The specimen®s fiber interface had many orientation designs for UD
fiber had 0/0, 30/-30,45/-45, 60/-60, 90/-90 and 0/90 interfaces and woven had 30/-30, 45/-45 and 90/90
interfaces. Kevlar fiber roving of Tex 175 g/km was the material stitching between two beams. The
stitching increase the toughness of specimen three times compare with specimen without stitching [10,
11,12].
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In 1997, Julio F. Davalos did experimental and simulation on hybrid material mode I between wood and
fiber- reinforced plastic (FRP) and was using contoured specimen for mode 1. The fracture toughness of
each wood- wood and FRP-FRP higher than FRP-wood hybrid and he used two method the first one
Rayleigh-Ritz and Jacobian derivative method (JDM) [13]. In 1999, Shun-Fa Hwang, Bon-Cherng
Shen fabricated mode I specimen hybrid material (carbon fiber and fiber glass). The both beams of mode
I specimen had two materials fiber glass and carbon fiber with different fiber orientation and specimen
hybrid material (carbon fiber and fiber glass) obtained higher interlaminar fracture toughness compare
with non-hybrid specimen [14]. In 2012 Mohammadreza Khoshravan, Farhad Asgari Mehrabadi
fabricated mode I specimen hybrid material of carbon fiber/aluminum and did fracture toughness tested.
They used modified beam theory (MBT) and compliance calibration method (CCM) to calculate mode I
fracture toughness. They studied how crack length effect on crack failure and they used FEA to analyses
stress distribution on long of specimen and width of specimen [ 15].

In 1998, M. N. Charalambides, A. J. Kinloch and F. L. Matthews investigated on repair carbon fiber
reinforce plastic (CFRP) by using scarf joint and applied mode II test experimental and FEA.) [16]. In
2000, P. Compston, P.-Y.B. Jar, P.J. Burchill, K. Takahashi investigated fiber glass reinforced using
three different resins and with different fiber volume fracture to compare interlaminated delamination
fracture toughness of mode II[31]. In 2003, Stevanovic, Kalyanasundaram, Lowe, and Jar studied how
poly (acrylonitrile-butadiene-styrene) (ABS) affected on fracture toughness when mixed with various
vinyl-esters (VE) in interface by different mixed ration. ABS was increase the fracture toughness when
added with VE less 7% and reduce the fracture toughness when added with VE higher than 7% [64]. In
2006, B.R.K. Blackman, A.J. Brunner, J.G. Williams used specific carbon fiber epoxy (HTA-1200
carbon fiber 113 epoxy resin) for mode II test. In 2007, Masahiro Arai, Yukihiro Noro, Koh-ichi
Sugimoto, Morinobu Endo used nano-fiber carbon fiber in specimen inter face with different density for
calculate mode II fracture toughness. From the experiments result, increasing density of nano-carbon
fiber is increase the fracture toughness [17].

Single leg Bending is one of mixed mode I/II test method Figurel.2.6. In 2003, Gregory D. Tracy, Paolo
Feraboli, Keith T. Kedward investigated mix mode single leg four point binding on (RFI) carbon fiber
/epoxy laminate of material (IM7-AS4/350-6 hybrid composite system) [18]. In 2007, Cole S. Hamey
investigated in Mix mode and fabricated the specimen out of two different kind of wood structures and
bind together by epoxy. He used Single Leg Bending (SLB) specimen for experimental test [19]. In
2011, L.F.M. da Silva, VH.C. Estevesl1, F.J.P. Chaves, the specimen fabricated for mix mode of steel/
adhesive/steel. The steel was DIN40CRMnMo7 and epoxy adhesive was 2015 from Huntsman [20].

MATERIALS AND PROPERTIES

Materials

This research was conducted using composite materials fabricated from S1-HM Unidirectional (UD)
fiber glass, EPON Resin 828, EPI-CURE Curing Agent 3223 (Hardener), TORAYCA T300
unidirectional carbon fiber and fluorinated ethylene propylene (FEP) Optically Clear Film made with
Teflon.

The fiber glass was donated from AGY-South Carolina. The resin and the hardener were donated from
Momentive Specialty Chemicals in Stafford-Texas.
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EPON Resin and Curing Agent

The epoxy system used had two main components; first component is the epoxy resin 828 and the
second part is curing agent 3223. These two components were equally important since both reacted and
contributed to the final structure and properties. The curing agent 3223 was added 10% by weight to the
epoxy resin 828 to cure. [1]

Resin
EPON 828, Figure 2.1, is liquid bisphenol A Epichlorohydrin based epoxy resin which contains Phenol,
4,40 - (1- methylethylidene) bis-polymer with (chloromethyl) oxirane [1]

0 CH, CH, )
/\ ' ; \
CH,-CH-CH..0 l{—@*Lt‘H,-('H-('H,-l i{@' 0-CH,CH-CH,
CH

. O

EPON 828: Diglyoady| ether of bisphenol A (DGEBA): n=0.1

Figure 2.1 EPON 828

And it is one of bifunctional phenolic glycidyl ethers under Diglycidylether of Bisphenol-A (DGEBA),
Figure 2.2 DGEBA has two common reactions to ring- opining polymerization and crosslinking, either
catalyzed homopolymerization or bridging reactions incorporating a coreactive crosslinking agent into
the network (1). These reactions will be discussed in more details in mechanisms section.

= abVa
?_;w{o—mjcmp{x /f?{%omm
o L Y g e
¢ OH 3

Figure 2.2 Diglycidylether of Bisphenol-A (DGEBA), n = 0, for the derivatives, n > 0.

Curing Agent: EPI-CURE 3223

DIETHYLENETRIAMINE (DETA), N-(2-aminoethyl-1, 2-ethanediamine) is a linear ethyleneamine
with two primary and one secondary amine as shown in figure 2. It is a single-component with clear,
colorless, and an ammonia-like odor product [4].

DETA is aliquid agent widely used with epoxy resins for fast cures or where room temperature cures are
required (Appendix A). Due to exothermic heat of the reaction and the pot life of the catalyzed resin is
quite short; this agent is restricted to small casting applications. Although DETA has good properties at
room temperature when it is used in curing process (6).

3 PANEL FABRICATIONSAND TENSILE TEST
Panel Fabrication and Sample Cutting:
The simulation using Abaq requires material properties data as input to the9 models. The material

properties were collected using tensile test ASTM standard D3039 [4] [5] with strain gage MM (CEA-
06-250UW-120). The results were used to calculate , and for the glass and carbon composites used.
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They were several steps used to fabricate the specimens for the tensile tests. The fabrication lay-up is
shown in Figure 3.1. First, the dry fiber plies were cut into pieces with dimension 19" x 18" (482.6 mm x
457.2mm) for fiber glass. The dimensions for dry carbon fiber pieces were 12" x 12" (304.8mm x
304.8mm). The table surface was cleaned by wiping with acetone. Third, the sealing tape was placed
(High Temp Sealant Tape-Yellow) with dimensions of 19.25" x 18.25" (488.95mm x 463.55mm) for
fiber glass and for carbon fiber sealing tape dimension 12.25" x 12.25" (311.25 mm x 311.25 mm) was
used. Fourth, the non-porous Teflon (234 TFNP non- adhesive non-porous) was placed over the sealing
tape to build a dam structure, which kept the resin contained.

The dimension used for the dry fiber glass was 22" x 21" (558.8 mm x 533.4 mm) and for carbon fiber
15" x 15" (381 mm x 381 mm). Fifth, the resin/harder were well mixed 10:1 by weight, then the epoxy
was poured on the Teflon (dam structure). The epoxy was then distributed equally by a squeegee. The
first piece of fiber was laid up on Teflon (dam structure), then epoxy was poured on the fiber and was
distributed equally by a squeegee. These steps were repeated for the next layers of fibers. The [0]T fiber
glass piece was laid up with one layer for fiber orientation The [90]s specimens were laid up with two
layers having fiber orientation The [45/-45]T were laid up using two layers with fiber orientation...The
[05]T carbon fiber pieces were laid up using five layers for fiber orientation . The carbon [904]s were
laid up with eight layers having fiber orientation . Finally, the carbon [45/- 45]5s were laid up ten layers
for fiber orientation . After the fiber was laid up and resin applied, a layer of non- porous Teflon with
thickness 0.003" (0.0762 mm) was placed on top, then an aluminum caul plate with thickness 0.118" (3
mm), after that Teflon with thickness 0.003" (0.0762 mm). Following that, the breather layer was then
covered by vacuum bagging with vacuum port and seals the vacuum bagging on the edge by sealing tape
and leaks were checked. Finally the vacuum pump was connected to vacuum port and turns on the
vacuum pump and keeps it running for 24 hours.

Figure 3.1 Panel Fabrication for Tensile Test and mad tensile specimen
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—I Sealant for dam ltructuu-l
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Figure 3.2. (1-7). Panel fabrication steps:

1. Dam structure by sealing tape, 2. Non-porous Teflon, 3. Fiber layup and poured resin, 4. Panel under
vacuum for 24 hours, 5. Panel after cure, and vacuum bag and breather removed showing aluminum caul
plate, 6. Panel of fiber glass, 7. Carbon fiber panel.

The composite panels were then stored for ten days in room temperature to make certain they were fully
cured. Then, the composites panels were then cut with dimension 10" (250 mm) over length for
unidirectional and symmetric, but were cutting with dimension 7" (175 mm) over length for
unidirectional. The tabs were fixed by super glue with 2.25" (56 mm) length and 0.062" (1.5 mm)
thickness for unidirectional panel, 1" (25 mm) length and tab thickness for unidirectional panel. The
composite panels were cut into tensile specimens with dimension 0.5" (15mm) x 10" (250mm) x 0.04"
(1mm) for fiber orientation unidirectional, tensile specimen with dimension 1" (25mm) x 7" (175mm) x
0.08" (2mm) for fiber orientation 9 unidirectional, and tensile specimen with dimension 1" (25mm) x
10" (250mm) x 1" (25mm) for fiber orientation symmetric. They were cut using a wet diamond saw to
avoid micro cracks in the specimen.

Install strain gage on tensile specimen;

The following material and tools were used to install the specimen strain gages: M-Bond 200 adhesive,
Teflon tape, sand paper 320-grit, Q-tips, strain gage, tweezers. Figure 3.2 shows the strain gage
installation steps: first, clean the gauging area with solvent, such as GC-6 isopropyl alcohol. The
solvents have to use one way.[6] The second step is to remove any surface scale and make the surface
smooth on the gauging area by sand paper 320- grit. Wiping the gagging area by wetted with M-Prep
Conditioner A in one way Figure 3.2.(2-3). After that Wiping the gagging area and scrub with a cotton-
tipped wetted with M-Prep Neutralizer Figure 3.2. (3-4). Take the strain gage from package by using
tweezers and place on a clean glass plate. Install Teflon tape completed on the terminal and gage. Lift the
Teflon tape at angle to glass plate Figure 3.2. (5-7). The specimen angle fiber orientation, install two
Teflon tape with strain gage on center of specimen first will be side by side to fiber direction for fiber
orientation and Second one horizontal to fiber direction.
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Figure 3.2. (1-12) M-Bond 200 adhesive, (2-12).install strain gage steps [6]

The specimen angle fiber orientation was installed Teflon tape with strain gage on center of specimen
and vertical with fiber orientation.The specimen angle fiber orientation was installed Teflon tape with
strain gage on center of specimen and with angle to fiber orientation Take of one side the Teflon tape
from spacemen until reach end of strain gage and strain gage coated by M-Bond 200 catalyst and wait
until dry. Put one drab of M-Bond 200 adhesive Figure 3.2. (8-9).The first contact area between
spacemen and strain gage. Pull the tape by angle degree and start install Teflon tape with strain gage on
spacemen and wipe- out of adhesive Figure 3.2.(4-10). Hold strain gage by thumb to produce the
pressure and heat from the thumb on strain gage at least one minute Figure 3.2. (5-11). Remove the
Teflon tape my peeling the tape out of spacemen. Figure 3.2. (6-12).

Soldering the wire with strain gage connector:
Warm up the solder iron and clean up the head of solder iron and make sure the solder tip clean too by
pass the solder iron tip on a wet sponge until get it shines.

Tin the head of solder iron, strain gage connector, and the head of wire by lead (tinning is coating a head
of soldering tip by thin layer of lead). Tinning helping the heat flow from the tip of soldering to between
the components you are soldering.

Heat the wire by head of the tip until reach the same the temperature and try to connect the wire on strain
gage connector and feed them by lead. Remove the lead first after that the solder tip. Install small piece
of masking tape on wire and end spacemen toake sure the connecting area between wire strains gages do
not move to avoid strain gage damaging. Repeat this processing with all spacemen.

Tensile testing

Static tensile tests were conducted following the ASTM standard D3039 and D 3039M-08 [7] using the
specimens with fiber orientation, fiber orientation, and fiber orientations, as shown in Figure 3.4.Five
samples from each, and fiber orientation and different material (fiber glass and carbon fiber) of the six
panels were tested to calculate young's modulus, and for fiber glass and carbon fiber.
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Table 3.4 .1 The average of tensile test specimens dimensions:

Width (b) Length (L) Thickness (h) Area (A)
(Carben fiber 0547 107 (250mm) 0.047 (1.03mm) 0.0177
mnidirectional (13.57mm) (13.91mm)
(Carbon fiber 1.08” T (175mm) 0.09" (2.27mm) 0.095”
unidirectional (27.34mm) (0.095mm})
(Carben fiber 1.037 107 (250mm) 0.079”7 (1.6lmm)| 0.0813
symumetric (20.91mm) (33.57mm)
[Fiber glass 0.537 107 (250mm) 0.047 (0.98mm) 0.0207
mmidirectional (13.5mm) (13.17mm)
[Fiber glass 1.028” T (175mm) 0.073” (1.84mm) 0.075”
mnidirectional (26.121num) (48.16%mm)
[Fiber glass 1.0157 107 (230mmn) 0.076” (1.93mm) 0.077
symumetric (25.77mm) (49.62mm)

Static tensile tests were conducted using a screw-driven mechanical test frame, Instron 5500R, as shown
in Figure 3.4(1). The first step was that the specimens were installed in the grips and the strain gage wires
connected to the strain gage input card of the scanner panel (Vishay, Model 5100B Scanner, System
5000) Figure 3.4.(2-4). Load and displacement were reset, and the test was started at a displacement rate
of 2mm/min [0.05in/min]. After that, the test was stopped and repeated with the other specimens, as

shown in Figure 3.4. (5-8).

Calculations

Table 3.5.1 Property of fiber glass-S1-HM UD / Epon 828 epoxy composite

Figure 3.4.(1-8)
(1) Instron 5500R frame, (2-4 ) specimen was installed in upper and lower grips of Insttron
machine , (5-8) specimens after tinsel tests

FG-51-HMUD
TENSILE MODULUS
5431 Msi 37448305 Mpa
Tensile strength 20751, 0822804 N
1.712 Ms1 11806.780 Mpa
Tensile strength 402.76 Ib. 1792178 N
0.308 Mss 2634.051 Mpa
Tensile strength 662.86 Ib. 2049553 N
0.175
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Property of carbon fiber T300/ Epon 828 epoxy composite

CE-T300
25821 Msi 178031.971 MPa
Tensile strength 4820967 1b. 21492 101N
0.956 Msi 6596.138 MPa
Tensile strength 34992 1b. 1557053 N
0.384 Msi 2124237 MPa
Tensile strength 3771912 1b. 16816.106N
0373

Panel Fabrication:
The overall goal of this paper is to discuss the developments of hybrid DCB for mode I, hybrid ENF for
mode I, and mix mode I/I1. It will also address the key tasks involved in the development of all three
types of composites material such as: (1) Carbon-fiber/Epoxy composite (2) Glass-fiber/Epoxy and (3)
Hybrid (Carbon and Glass fibers) composites. The development of a reliable, and , analysis of hybrid
DCB, hybrid ENF, and single leg bending (ASLB). The first step in this research was to match bending
stiffness of fiber glass and carbon fiber for hybrid DCB, ENF, and ASLB.

Table 4.1 Matched bending stiffness of carbon fiber and fiber glass:

4. PANELFABRICATIONAND TESTS OF MODE I, MODE I1AND MIXED MODE I/I1

51-HM uD
TENSILE
. MODULUS TORAYCA T300 .

Thickness m E E Thicknessm
1.00E-03 50.8 8. 460 0.0001
2 10E-03 106 68 1.69E+01 0.0002
2.20E-03 111.76 254 0.0003
2 30E-03 L1TEH)2 33.866 0.0004

[ 2 layers 2 40E-03 121.92 42333 0.0005
2 50E-03 1. 27TE+)2 508 0.0006
2.60E-03 132.08 59266 0.0007
2.70E-03 137.16 67.7333 0.0008
2 BOE-03 14224 T6.2 0.0009
2 90E-03 14732 84 666 0.001
3.00E-03 1524 03.133 0.0011
3.10E-03 15748 101.6 0.0012
3.20E-03 162 56 110.066 0.0013
3.30E-03 16764 118.533 0.0014
3 40E-03 172.72 127 0.0015 8 layers |
3.50E-03 1778 135 466 0.0016

They were several steps necessary to fabricate the tensile test specimens. First, the dry glass fiber plies
were cut into pieces with dimensions 19" x 18" (482.6 mm x 457.2mm). The dimension for cutting the
dry carbon fiber was 12" x 12" (304.8mm x 304.8mm). Second, the surface of tje table was cleaned from
remaining resin or dirt and wiped using acetone. Third, sealing tape with dimensions 19.25" x 18.25"
(488.95mm x 463.55mm) for fiber glass, and tape dimension 12.25" x 12.25" (311.25mm x 311.25 mm)
were used for carbon fiber were placed on the tool. Fourth, the non-porous Teflon sheet with dimensions
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22" x 21" (558.8 mm x 533.4 mm) for glass fiber and 15" x 15" (381 mm x 381 mm) for carbon fiber was
laid up over the sealing tape to build a dam structure to keep the resin contained. Fifth, the resin /
hardener were well mixed with 10:1 (by weight) and the epoxy was poured onto the Teflon (dam
structure). The epoxy was then distributed equally using a squeegee. The first piece of dry fiber was laid
up on the Teflon (dam structure), then epoxy was poured on fiber and was distributed equally by a
squeegee. These steps were repeated for the next layers of fibers Fiber Glass Panel The dry glass fiber
panels had two distinct sides, as shown in Figures 4.1 and 4.2. The side shown in Figure 4.1 had a small
amount of 90° cross weave placed to increase the handing capacity of the primarily unidirectional tows.
This face was designated as the 90-face. The opposite face is shown in Figure 4.2.2. It shows the back
face of the layer, with the V cross- weaves. This face was designated as the V-face. Therefore, there were
three possible combinations of planes for crack growth between glass fiber layers, so the panel
fabrication needed to account for this. The first type of fiber glass orientation was denoted as 90/V. Two
pieces of fiber glass were laid up with 90 directions facing down Figure 4.2.1. Then, the Teflon insert
(0.005") was laid up on top second layer. After that, two more layers were laid up with 90 directions
facing down.

Figure 4.1 Fiber glass 90 Figure 4.2 Fiber glass V  Figure 4.3 Carbon fiber T300

The second model of fiber glass orientations called for 90/90 at the center interface. Two wet pieces of
fiber glass were laid up with 90 directions facing up and V directions facing down. Then, the Teflon
insert 0.0005" (0.0127mm) was laid up on top second layer. After that, two more wet layers were laid up
with 90 directions facing up and V direction facing down. The third model of fiber glass orientations
called for V/V at the center interface. Two wet pieces of fiber glass were laid up with V directions facing
up and 90 directions facing down. Then, the Teflon insert 0.0005" (0.0127mm) was laid up on top
second layer. After that, two more wet layers were laid up with V directions facing up and 90 directions
facing down.

Carbon Fiber Panel

The carbon fiber plies did not have any preferred ,,face™ or side, as shown in Figure 4.3. They were laid
up with ten layers, with distributed epoxy equally on each piece between layers. Then the Teflon insert
was laid up on top of the ten layers of carbon fiber. After that, another ten layers of carbon fiber laid up on
top Teflon insert.

Hybrid of Carbon Fiber and Fiber Glass Panel:

They are two types of fiber orientation with the hybrid specimens. The first type of hybrid is referred to
as carbon fiber/90 glass fiber. First, two layers of fiber glass with the V direction facing down and 90
facing up were laid down and saturated with resin. The Teflon insert was then laid up on fiber glass 90
faces. After that, ten layers of carbon fiber were laid up.
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The second model of hybrid specimens is referred to as carbon fiber/V glass fiber. Two wet layers of
fiber glass the 90 directions facing down were laid up, with the V surface facing up. The Teflon insert
was then laid up on fiber glass V face. After that, ten wet layers of carbon fiber were laid up.

After the wet fiber plies were laid up, they were covered by a non-porous Teflon 3 mil sheet 3, followed
by the aluminum plate, Teflon sheet, breather layer, and vacuum bag. The vacuum bag was connected to
a central vacuum port and the vacuum port connected to the vacuum pump. The vacuum pump was run
for 24 hours. Following that, each panel was stored for ten days to get full curing. A total of twelve panels
were fabricated: three of fiber glass panels, three carbon fiber, and six hybrid panels.

Sample Cutting

After ten days (for full cure) the panels were cut into specimens. The fiber glass panel Figure 4.4.4.(1)
was cut into two pieces for Mode [ and Mode II specimens. The Mode I piece has size 8.5" (469.9mm) x
6.25" (158.75mm), and the Mode II piece had a size of 8.5" (469.9mm) x 6.25" 8.25" (209.55mm). The
panels edges were parallelized by using a roller sander, as shown in Figure 4.4.4.(5). The carbon fiber
Figure 4.4.4.(2) and hybrid Figure 4.4.4.(3) panels were also cut into two pieces, as shown in Figure
4.4.4.(4). The Mode I pieces for both the carbon and hybrid were 12" (304.8mm) x 5.25" (133.35 mm)],
and the Mode II pieces for both carbon and hybrid were 12" (304.8mm) x 6.72" (184.15mm)]. The
specimen edges were also parallelized.

The dimensions of the Mode I fiber glass specimens were 7" (177.8mm) x 1"(25.4mm). The Mode I1
glass fiber specimens were 8" (203.2mm) x 1" (25.4) as shown in Figure 4.4.1. The carbon fiber and
hybrid Mode I specimens dimensions were 5" (127mm) x 1"(25.4mm), and 7" (177.8mm) x 1" (25.4) for
the Mode Il specimens, as shown in Figure 4.4.2. The hybrid mixed-mode specimen dimensions were 8"
(203.2mm) x 1"(25.4mm) as shown in Figure 4.4.3. The mode I specimen had 2.5" Teflon insert
implanted in the panels, whereas the Mode I and mix-mode had a 2" Teflon insert.

- a" e 6" —
Mode 1T 1 = 57 = 5 =% Siede 11
- => =
Alode 11 2 AModel I
AMode IT 3 AodeI 3
Adode IT 2 AModel &
Afode 11 5 Afodel =
AModeIT 6 Afodel 0
Slode IT ¥ Teflon inaert Teflon insert Slodel ¥
ModeII S Model s
AMode 11 9 AMode [ 9
Afode IT 10 Aiede T 10
Afodell 11 AfodeI 11
Alode I1 12 i Adode ] 12
AModeII 13 AfodeI 13
Afode 1l 12 Alode] 12
AMode IT 1S Aode T IS
Afode Il 168 Afodel 106
Afode IT IV Aode TTY
<—— Mode II samples > < Mode I samples ——>»

S ———
Figure 4.4.1 Fiber glass panels dimension
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Figure 4.4.2 Carbon and hybrid fiber panels dimension.

H-Mix-Mode 1

H-Alix-Mode 2

H-Mix-Aode 3

H-Mix-Mode 4 Teflon insert

H-Mix-Mode &

H-Mix-Mode 6

H-Aix-Mode 7

H-AMix-AMode §

H-Mix Aode 0

H-Mix-Mode 10

H-Mix-Mode 11

H-Mix-Maode 12

<—— Mix-Mode samples

Figure 4.4.3 Hybrid mix-mode panels dimension.

Figure 4.4.4. (1-6) 1. Fiber glass panel, 2. Carbon fiber panel, 3. Hybrid (CF/FG) panel, 4. Wet
diamond saw, 5. Parallelizing the panels, 6. The panels were parallelized and ready for cutting
to make specimens.
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Mechanical Testing

This research was conducted under static test conditions for mode I (Double Cantilever Beam, DCB),
mode II (End Notched Flexure, ENF) and mixed-mode I-II (Single Leg Bending, SLB). The goal of the
project was to study the interlaminar fracture toughness of hybrid composite materials.

Sample's Preparation for Mechanical Testing

Specimens for mode I, mode II and mix-mode were prepared for mechanical testing. Mode I specimen
preparation followed ASTM D5528 standard [8], each sample edge was filed with 600 grit sand paper to
produce smooth edges. Next, the specimen dimensions of spacemen length, width and thickness were
recorded. The bonding regions of aluminum T- tabs were filed by sand paper until shiny. T-tabs were
bonded (using cyanoacrylate "super glue") on each side of the specimen at the ends containing the
Teflon insert. The spray gun shown in Figure 4.5.1.1(1) was used to coat mode | specimens just ahead of
insert side by using water based Polly Scale white paint, as shown in Figure 4.5.1.1(2) to visualize the
crack delamination growth. Ten vertical lines were marked on each specimen at five millimeter length
intervals, as shown in Figure 4.5.1.2.

O

O

Figure 4.5.1.2 The DCB specimen marked with vertical marks every 0.2'" (Smm) starting at
insert.

Mode II preparation, each sample edges was filed by 600 grit sand paper to have smooth edge. Second

steps get the dimension of spacemen length, width and thickness. The spray gun was used to coat mode |
specimen just ahead of insert side by using (water based Polly Scale white paint).
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The mode II specimens were marked with vertical two marks the first end insert the second one after the
insert 1.2" (30.48mm).

Mix-mode preparation, each sample edges was filed by 600 grit sand paper to have smooth edge. Second
steps get the dimension of spacemen length, width and thickness. The spray gun was used to coat mode |
specimen just ahead of insert side by using (water based Polly Scale white paint).

The mix-mode specimens were marked with vertical two marks the first end insert the second one after
theinsert 1.2" (30.48mm) and cut one of ENF aleg 1.5" (38.1mm) length to make SLB.

DCB Mode I Fracture Static Test:

The Mode I Double Cantilever Beam (DCB) test was developed to measure the interlaminar fracture
toughness under peeling stress. The mode I testing conducted in this study was using the unidirectional
fiber (UD) laminates, except with the minor cross-stitch as discussed previously. The fibers directions
were along the long axis of the specimens Figure 4.5.2.1.The mode I static testing was conducted
following ASTM standard D5528 [8]. Five samples of each of six design were tested to calculate GIC,
the mode I interlaminar fracture toughness.

Table 4.6.2 The dimensions (average) of DCB specimen:

Mode I Width b Length L Thickness h Initial
delamination
length ao
FG-50-V 1.034" T 0174~ 2 57
(26.26mm) (177.8mm) (4.428mm) ( 63.5mm)
F.G-90/90 1.03” ™ 01817 25"
(26.14mm) (177.8mm) (4.59mm) ( 63.5mm)
FG-V/V 1.02” fi 0.183” 250
(25.9mm) ( 177 8mm) (4.66mm) { 63.5mm)
CF 1.04™ i 0234~ 25"
(26.4mm) ( 177.8mm) (5.9436mm) ( 63.5mm)
H-CF-FG- 1.03” e i 0.184” 25"
90 (26.11mm) ( 127mm) (4.66mm) (63.5mm)
H-CF-FG-V 1.03” Bo5™ 0.19” (4. 76mm) | 2.5” (63.5mm)
(26.13mm) ( 139.7mm)

Ahmminum

rd T-tab

#

Figure 4.5.2.1. Mode I specimen with T-tab attachment
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Figure 4.5.2.2 The DCB specimen is in open mode of the static test.

An Instron 5500R Model 1123 was used to provide the mechanical force for the mode I tests. It was a
screw- driven mechanical test frame. It was measuring the load P, and opening distance, Figure 4.5.2.2.
The max load of load cell used was 200 Ib. The speed displacement rate was 0.1"/min. during the test. A
magnifier and bright light source were employed to follow the crack propagation. When the crack
propagated and arrived to a mark point, a custom tapping device was used to digitally mark on curve (P
vs. d) to calculate GIC.

In order to conduct the tests, first, each the mode I specimen was attached to the Instron machine by
using two pins Figure 4.5.2.3.(1-2). Second, the load and displacement were reset. Note this test did not
require mechanically precracking the specimen before the test, because the thin Teflon inserts 0.5 mil
was used according ASTM Standard D5528 [8]. Testing was then conducted at a displacement rate
0.1"/minute while the crack propagation was monitored using magnifier and bright light source. The
tapping device was taped 10 times, each time when the crack reaches a vertical line during the crack
propagation.

Figure 4.5.2.3
(1-2)Specimen installed in Instron machine by T taps, (2,4)The carbon fiber, (3) fiber glass V-V,
(5) fiber glass 90-90, (6) H-CF/FG-V, (7) fiber glass 90-V, (8) H-CF/FG-90
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The FG and CF specimens were attached to the Instron machine by pins in the T-tab as shown in Figure
4.5.2.3 (1-2). The carbon fiber fracture and fiber glass V-V did not show fiber bridging. Figure 4.5.2.3
(3-4). The fiber glass 90-V and fiber glass 90-90 did show fiber bridging. Figures Figure 4.5.2.3 (5) (7).
The fracture area of the hybrid H- carbon fiber/ fiber glass V-V did not have fiber bridging, but the
carbon fiber side of the specimen appeared to be covered with the fiber of the fiber glass. Figure 4.5.2.3
(6). The hybrid H-carbon fiber/ fiber glass 90 showed fiber bridging Figure 4.5.2.3 (8).

Mode II-ENF Static Test:

The Mode II End Notch Flexure (ENF) test was designed to measure the interlaminar shear fracture
energy under the shearing mode. The mode II test used in this study was conducted using the
unidirectional fibers (UD fibers), except for the slight cross-stitch used to hold the UD fiber tows
together, as discussed previously. The fibers were aligned with the length of the specimen. The mode I1
static test was conducted following the ASTM draft standard by Davidson [9]. Five samples mode II of
each six of designs were tested to calculate GIIC mode II interlaminar shear fracture toughness. The
specimen is shown in Figure 4.6.3.1.

Table 4.6.3 The dimensions (average) of ENF specimens

Mode IT Width b Length L Thickness h Initial
delamination
length ao
FG-90-V 1.03” g8” 0.174 o
(26.26mm) (203.2 mm) (4.43mm) (50 8mm)
F.G-90/90 1.03” 8" 0.18” g
(26.14mm) (203.2 mm) (4. 43mm) (50 8mimn)
FGV/V 097 8" 0.18” 2
(24.67mum) (203.2 mm) (4.60mm) (50.8mm)
CF 1.04” a” 0.234~ 2=
(26.4mm) (203.2 mm) (5.94mm) (50.8mm)
H-CF-FG-20 1.027 T 01817 2=
(25.87num) (177.8mum) (4.60mm) (50.8mm)
H-CF-FG-V 1.03” ™ 0.189~ 27 (50.8mm)
(26.19mm) (177.8 mm) (4.79mm)

Precrack mark Loading roller

Insert tip mark Specimen

Support roller

( - _;T}I 1

e | Base

Figure 4.6.3.1 Mode II —ENF static test setup [9]

A screw-driven Instron mechanical test frame was used for the three point bending flexural test required
to calculate mode Il fracture energy. It measured the load and opening displacement. The maximum load
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of the load cell was used was 500 lb. The displacement rate was 0.025 in/min. During the test, a
magnifier and bright light source were used to follow the crack propagation.

Compliance Calibration marks

20.32mm 1 eren

(23)1;

«— q,—>

1 Dren

Figure 4.6.3.2 The three positions of CC and the fracture test marks.

The ENF static test was conducted using two main steps. Precracking was not necessary for the
specimen since it had a 0.5 mil thickness Teflon insert. Three compliance calibration (CC) runs were
made before each actual test. Each specimen was marked with four marks by a thin vertical line, as
shown in Figure 4.6.3.2. The locations of the vertical lines were as follows, as shown in Figure 4.6.3.2:
line labeled 1 was 1.7" (40.32 mm) from the left edge of the specimen, line labeled 2 was 0.8" (20.32
mm) from the left edge, the line labeled 3 was 1.2" (30.32 mm) from the left edge of the specimen. The
fourth line (at the right edge of the dimension a0 in Figure 4.6.3.2) was at the end of the Teflon insert,
which was 2" (50.8 mm) from the end of the specimen.

Compliance Calibration Processing

Each specimen was tested in three point flexure. The dimension in Figure 4.6.3.1 were L = 2 inches
(50.8mm), Lt = 8inches (203.2) ai =2 inches (50.8mm) a0 =0.8 inches (20.32mm) . During the
compliance calibration, each specimen was loaded to 50% of maximum load (without crack
propagation), followed by complete unloading. The specimen was then shifted to the second position for
CC2 and the process repeated. The specimen was then shifted to the third position for CC3, where the
specimen was loaded to maximum failure load causing crack propagation. The load P and the
displacement 6 during CC1, CC2 and CC3 were recorded.

Figure 4.5.6.3.3Carbon fiber specimen for mode II set on flexure during mode II test, (2) The
crack propagate until end of the load area from upper roller 0.8" (20.32mm)

The Mode II specimens testing resulted in specimens that were still fully joined, since the crack did not
propagate fully along the length of the specimens, as designed. Therefore, the amount of fiber bridging
could not be ascertained by looking at the specimen edges. Figure 4.5.6.3.3.
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Mixed-Model /Il

The Single Leg Bending (SLB) test was designed to test the interlaminar mix-mode I-II critical fracture
energy. The mix-mode SLB tests conducted in this study were tested using the unidirectional fibers (UD
fibers) specimens. The fiber directions were along the length of the specimen. The mixed-mode static
test was done following the Single Leg Bending (SLB) specimen by Szekrenyes an Uj [10].

Load P

&
'
o
i
g
4

O

Figure 4.6.5 Single-Leg Bending (SLB) specimen on three points bending flexural for mix
mode fracture test marks.

. A

« ag

Five mixed-mode samples of each of six designs were tested to calculate GMix-C mix- mode
interlaminar mix- mode (shear and open mode) fracture toughness. Figure 4.6.5. The design is similar to
an ENF specimen, but with cut one leg and made shorter than the other by 1.5" (38.1mm). The Instron
machine was used to conduct the three point flexural loading. It measured the load and traveling
distance. The max load of load cell used was 500 1b. The displacement rate was 0.025 in/min. During the
test amagnifier and bright light source were used to follow the crack propagation.

Table 4.6.5 Mix-mode specimen average dimensions

Mode I Width b Length L Thickness h Tnitial
delamination
length ao
FG-90-V 1.03™ 8” 0.177 27
(26.22mm) ( 203.2 mm) (4.48mm) ( 50.8mm)
F.G-90/90 1.0327 8” 0.177 P
(26.213mm) ( 203.2 mm) (4.424mm) ( 50.8mm)
F.GVIV 1.0327 87(2032 0.1767 27
(26.213mm) mm) (4.486mm) ( 50.8mm)
CF 1.016” 8” 0.218” 27
(25 8mm) ( 203.2 mm) (5.54mm) ( 50.8mm)
H-CF-FG-90 1.014” 8- 0.1817 27
Single-Beam-C.F (25.745mm) ( 177.8mm) (4.60mm) ( 50.8mm)
H-CF-FG-V 1.027 87(177.8 0.066” (1.68mm) 27
Single-Beam-C F (25.898mm) m) ( 50.8mm)
H-CF-FG-90 1.0636™ 87( 177 8mm) 0.0876™ v.ig
Single-Beam-FG (27.015mm) (2.225mm) ( 50.8mm)
H-CF-FG-V 1.004™ 8°(1778 0.088” 27
Single-Beam-FG (25.5mm) i) (2.22mm) ( 50.8mm)
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Figure 4.6.6 Mix-mode FG 90/V specimen is on three point flexural. (2)Mix-mode FG V/V
specimen is on three points flexural. (3) Mix-mode FG 90/90 specimen is on three points
flexural. (4) Mix-mode CF specimen is on three points flexural. (5)H- Mix- mode CF/FG90
specimen is on three points flexural. (6) H- Mix-mode CF/FGYV specimen is on three points
flexural.

Figure 4.6.6 (1, 3, 5) shows the edges of the specimens under load. The fiber glass 90- V, fiber glass 90-
90, and H-CF/FG-90 had fiber bridging. Figure 4.6.6 (4) shows that the carbon fiber fracture moved
from layer to another layer. Figure 4.6.6 (2) shows that the fiber glass V-V fracture had little fiber
bridging. Figure 4.6.6 (6) hybrid H-CF/ FG V-V had fiber bridging cause by the carbon fiber layers.

S.RESULTS:

1.Mode I Fracture

The summary of the Mode I initiation results are shown in Figure 8.24. The pure carbon fiber composite
showed the lowest Glc. This was followed by 90/90 glass fiber, but at approximately double the value.
The next higher results in the all-glass specimens were the V/V specimens; with the highest glass (as
well as the highest of all the specimens) were the V/90 specimens. The hybrid specimens, both C-90 and
C-V results were similar, and in the range of the all-glass specimens. This is consistent with a visual
observation of the fracture surfaces, which showed both faces containing glass. The cracks appeared to
propagate in the glass layers of the hybrid specimens. The summary of the Mode I average results are
shown in Figure 8.25. Again, the all- carbon specimen had the lowest value of Glc. This was followed by
all-glass V-V specimen. The all-glass V/90 and 90/90 showed much higher values, which is consistent
with the extensive fiber bridging observed. The 90/90 showed the most fiber bridging, which is
consistent with the fact that it had the highest Glc value. The two hybrid designs had results in between
the all-glass and all-carbon specimens. Additionally, the C/90 showed more fiber bridging than the C/V,
and also a higher average toughness. It should be noted that all of the specimen designs containing 90
had the highest toughness values, which was consistent with the extensive fiber bridging observed in
specimens with 90 interfaces.
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Figure 5.1 Mean initial of mode I strain energy release rate of all mode I specimens by using
Modified Beam theory (MBT).
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Figure 5.2 Mean average of mode I strain energy release rate of all mode I specimens by using
Modified Beam theory (MBT).

2.Summary of Mode II Fracture
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Figure 5.3 Summary*“s mode II strain energy release rate of all mode II specimens by using
Compliance Calibration Method.
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The summary of the Mode II results can be seen in Figure 8.3.7. The lowest values are for the hybrid
specimens tested with carbon fiber as the upper layer. This is followed by the all glass 90/V fracture, then
the all-carbon. These values were all similar in value, especially considering the error bands. The next
all-glass is the 90/90.

The flipped hybrid specimens follow. Finally the all-glass V/V is the highest. The fiber bridging could
not be observed during the test, but could be observed in the scanning electron microscope images,
which will be discussed in a later section.

6. CONCLUSIONS:

The applications of hybrid composites (such as carbon and glass fiber) materials have been expanding in
many fields such as aircraft, wind turbine generators, bridges and infrastructure, sporting goods such as
helmets, and marine applications. A composite material may be preferred in applications because of
their high strength and stiffness to weight ratio, long fatigue life, and corrosion resistance. In many
applications they can be easy to fabricate and offer low cost. [48]. The use of hybrid materials offers the
ability for designers to balance the high stiffness and strength of carbon fiber, with the high strength and
low cost of glass fiber composites. The present study represents of delamination interface of carbon
fiber, fiber glass and hybrid-(fiber glass/carbon fiber) under mode I, mode IT and mix-mode I/11 static.

The key mechanical test results are summarized in Figures 9.1-9.6.
1. CF and FG-V/V had lowest value of mode I, while FG-90/V and FG-90/90 had the highest
values of The H-CF/FG-90 and H-CF/FG-V had values between CF and FG. The H-CF/FG-
90 was slightly higher than H-CF/FG-V.
2.FG-V/V had the highest value of The lowest values were from the hybrid H-CF/V specimens.
3. The H-CF/FG-90 was better than H-CF/FG-V in mode IT and mixed mode I/I1.

Average of CF Mode I, Mode II, and

Mixed Mode I'II- SLLEB

m CF-Miode -1
m Mpds [I-CF
mMEx-mods TTI-Akron-CF
uhx-Mde I'II- CF- SLB

G (Ib.in/in?)

Average wvalue of G_

Figure 6.1 the average of CF mode I, mode II, and mixed mode I/II- SLB

Average of FG 90/ mode I. mode II. and
1 Mixed Mode I/11I- SLLEB
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Figure 6.2 the average of FG 90/V mode I, mode II, and mixed mode I/II- SLB
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Figure 6.3 the average of FG 90/90 mode I, mode II, and mixed mode I/II- SLB
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Figure 6.4 the average of FG V/V mode I, mode I, and mixed mode I/II- SLB
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Figure 6.5 the average of H- FG-90/CF mode I, mode I, and mixed mode I/1I- SLB
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Figure 6.6 the average of H- FG-V/CF mode I, mode I, and mixed mode I/II- SLB
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ABSTRACT

4 N\
The use of smartphones continues to sour, with Android leading the way. Google claims to have around

1.4 billion active mobile devices across the globe. According to The Telecom Regulatory Authority of
India, India has become the second country globally with a user threshold of 1.03 billion users. The
massive user base has caught the eyes of cybercriminals trying to attack Android using malware. Malware
is malicious software created to destroy computer or electronic systems without the knowledge of the user
using the system. This work aim has created an efficient malware detection system with machine learning-
enabled features for Android Environment so that they can sense malware applications with the help of
static features. The system extracts various permissions and API Tags from the Android applications. It
uses these features along with five unique machine learning techniques for classifying whether the
application is malicious or benign. The experimental results are promising as we have achieved high
accuracy in detecting Android malware with all the classifiers. We have also analyzed the effect of a

number of Android applications used in the database on the accuracy of classifiers .
- J

1.INTRODUCTION

Android applications are generally used in cell phones as a mobile software application and are created
by Google to run on Android platforms like smartphones, tablets, Google TV, and other devices
compatible with running Android featured operating system. Android applications utilize advanced
hardware and software to bring benefits and values to their users. According to statista.com, the number
of'accessible applications in the Google Play Store outperformed 1 million applications in July 2013 and
was most recently positioned at 2 million applications in February 2016 [1]. Google says there are 1.4
billion active mobile devices [2] worldwide. According to The Telecom Regulatory Authority of India,
India has become the second country globally with a user threshold of 1.03 billion users [3]. The
Android platform's openness makes it attractive to users, but the freedom or openness users appreciate is
also a pitfall of the forum. Cybercriminals nowadays are finding more complex ways to get into android
systems and breach the security of the system. Cybercriminals exploit it by posting malware spreading
apps in deceitful attempts to steal personal information. In this case user's mobile security is
compromised. So the users who download malicious apps unknowingly face a mobile privacy threats.
The research carried out by Pulse secure, found that 97% of malware focusses the Android operating
system [4].

Malware is malicious software and is developed for damaging the computer system irrespective of the
knowledge of the user [5]. Trojan horse, worm, virus, spyware are all classified as malware. It is
necessary to analyze malicious apps to understand the risk associated and their intentions. There are
various types of analysis, including Static Analysis and Dynamic analysis as the broad domain.
Examining malicious software without performing the process is called static analysis whereas,
exploration of the infected file during its completion is known as dynamic analysis 5, 6]. It is also called
behavioral analysis. In this project, we have used static analysis of malicious apps. The disassembly
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method is one of the old procedures of static analysis. Machine learning classifiers are used for
classifying malicious applications having permissions, API Tags, and a combination of both [7, 8, 9, 10,
11].

Our contribution in the paper are as follows:
1. Extraction of Android App static features by using Androguard.
2. Classification of Android applications as malicious or benign by using five machine learning
classifiers: Naive Bayes, KNN, Logistic Regression, C4.5,and SVM.
3. Analyze the effect of three sets of static features (permissions only, API Tags only, and
permissions and API tags) on the performance of the classifiers.
4. Analyze the effect of the number of Android applications on the performance of classifiers.
5. Based on our database we have also compared the top ten Android app permissions and API
tags of both benign and malicious apps and then concluded the dangerous permissions and
API Tags.

2. Related Work

In the domain of static analysis for malware detection in Android applications, several studies have
already been processed. Sanz et al. [12] introduced PUMA (Permission Usage to detect Malware in
Android), a process for sensing malevolent applications using the consent usage of each application.
They used machine learning models to perceive whether an application is malicious or not. A dataset of
357 benign and 249 malicious applications was used in the technique, and Android Asset Packaging
Tool (AAPT) was used to get permissions from the APK file. Justin Sahs et al. [13] used a machine
learning process to detect Android malware. The technique used Androguard (an open-source project)
to get features from APKs and then used these features to train a One-Class SVM. The system was
limited to just permissions (built-in and non-standard) and CFGs of the input applications. One more
approach towards Permission-Based Malware Detection which is proposed by Aung et al. [14] have
used K-means clustering, Random Forest DT (decision tree) and CART (Classification and Regression
Tree) algorithm. The accuracy rate improved to 91.75% with Random Forest DT and the most efficient
orignal positive rate 0of 97.8% with CART.

Aafer et al. [15] presented DroidAPIMiner: generic data mining technique to develop a classifier for
applications having inbuilt android feature. Their procedure had compared performance of four
classifiers: ID5, C4.5, KNN and SVM in terms of both the process of various feature extraction i.e.
approval based and API calls based feature set with package level and parameter information. The data
set taken for this paper consists of 3987 malware samples from Android Malware Genome Project and
500 benign applications from each category in Google Play [16]. They reported KNN with an efficient
performance model and has given the accuracy of 99.9%. The false positive rate is very low as 2.2%
when around 189 features are taken from a feature set. Akanksha Sharma et al. [17] gave a proactive
technique for static malware detection. The features which were removed based on API calls as well as
permissions. Correlation based as well as information gain feature selection process and used to select
most efficient features. The dataset created from the selected feature set was validated using Naive
Bayesian and K-Nearest Neighbor classifiers. They used APK Analyser for reverse engineering.
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3. Proposed Methodology and Implementation
The suggested procedure consists of these four steps. They are:

STEP 1: Creation of an efficient database having a variety of Android malware belonging to different
malware families and benign apps from various categories of applications such as communication,
education, health etc. We have created 4 sets of databases having a different number of Android apps.

STEP 2: Extracting features such as Android permissions and API tags and creating three sets of
features- permissions only, API tags only, and permissions and API tags.

STEP 3: Preprocessing the three sets of features by using the filter to remove unnecessary features.

STEP 4: Building the models of a Machine learning classifier using the 3 sets of features and also by
using 4 different databases of apps and subsequently analyzing the performance of various classifiers
based on the feature set and database set.

I. Creation of Database

Here we label the procedure we monitored to get data from the android application file. The basic steps
we have followed for each application are:

1. First, we downloaded the android apps of different malware families from AndroMalShare [18] and
goodwares from Google Play Store [16] as shown below.

f“l‘:‘f'"e Count GF?“"TI"_““' Count
| DroidkuneFu 10 Arcade 3
Fakelnst 10 Tools .4
Optake 10 Business 8
Geinimi 10 Communication 10
Fakel.ozo 10 Education 11
Kmin 10 Entertammment 9
Adrd 10 Lifestv]e 10
YZHCSMS 10 Music & Audio 8
PIADDS 10 Photographv T
Legacv 10 Puzzle 7
Shopping 9

2. We decompressed the android apps usihg Androguard [19] and extracted the selected features like
Permissions requested and API Tags for each android app by using our python scripts.
3. We build a dataset in a CSV file format with the extracted data.

In step 2, we processed the AndroidManifest.xml file to extract the data.

Using our python scripts we extracted the permissions and created the feature vectors in the following
way.

For each Android app, we retrieved the selected features "permissions requested" and "API Tags".
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The selected features with their values are kept as a binary number (0 or 1) and is signified as a sequence
of comma separated values which is also called as CSV format.

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0, MALICIOUS

Figure 1: Feature Vector created using extracted android permissions

0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,BENIGN

Figure 2: Feature Vector created using extracted API Tags

Features

Features used in the dataset are the Permissions requested, API Tags (Tags defined in Androguard[19]
corresponding to APIs used in the app), and Permissions requested and API Tags used by the Android
Applications[20].

Few samples of permission features are:

 android.permission.READ PHONE STATE: Permits access in read only mode. This is crucial
agreement in order harm an android application

 android.permission.INTERNET: Permits the applications for opening network sockets for the
usage of internet. If any application doesn't require the internet and still it request the INTERNET access
then it can be used for malicious purpose

* android.permission.CALL._ PHONE:
Permits the application to initiate a phone call without accessing the Dialler user interface for the user to
approve the call. Malevolent use of this permission can incur charges to the user.

» android.permission.ACCESS COARSE_LOCATION:

Permits an app to access approximate location. Attackers can use this permission maliciously to track
the location of the user.

* android.permission.ACCESS_WIFI_STATE: Permits applications to access information about
Wi-Finetworks. By making use of android permissions. INTERNET along with this permission access,
attackers gain access to sensitive information.

Few Samples of API Tags are:

* Android: It consists of resource classes and is used by the applications which are included in the
platform and is used to define application approvals for system features.
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* Bluetooth: Offers classes that manages Bluetooth functionality, which includes various features such
as device scanning, connection establishment among devices for communication and management of
data transfer among devices.

* Location: Consists of the framework API classes that defines services enabling location based
features.

* Reflection: brings reflective access to description info.

» Widget: Consists of the components essential to create "app widgets", which users use to integrate
with other applications (such as the home screen) to speedily access application data and services
without starting of a new activity.

I1. Preprocessing the Database

In Machine Learning applications, an enormous number of extricated highlights, some of which excess
or immaterial, present a few issues, for example, deceiving the learning calculation, over-fitting,
lessening over-simplification, and expanding model intricacy and run-time [21,22]. These antagonistic
impacts are significantly more critical when applying Machine Learning strategies on cell phones since
they are regularly limited by preparing and capacity abilities, just as battery power. Therefore Applying
the Remove Useless in weka [ 13], filtered out the dataset in a preparatory stage and enabled the malware
detector to work more proficiently, with a quicker detection period. Yet, decreasing features should only
be performed when a high level of accuracy can be preserved.

We have preprocessed the database using "Remove Useless". It is an unsupervised attribute filter used to
remove attributes that do not vary at all or that vary too much

I11. Building the model using classifiers and detecting the malware

Our job is to develop a model that can classify an app as either malicious or benign. To do that, we have
used five different machine learning algorithms for classification Naive Bayes Classifier, KNN,
Logistic Regression, C4.5, and Support Vector Machine. These five different classifiers belong to other
classifiers' families, KNN belongs to the lazy classifier, Naive Bayes. Logistic Regression belongs to
the family of Probabilistic classifier, C4.5 belongs to the Decision tree, and The ML technique capable
of dividing the training data set by optimal separation is done with the Support Vector Machine
technique [24, 25].

We examined two experiments.
First Experiment: In the first experiment, we have extracted around 135 permissions, 41 API tags from
200 apps. We created four databases having 50 instances, 100 instances, 150 instances and 200 instances
of permissions, API Tags, and permissions plus API Tags mixed respectively. So basically this
experiment consists of three parts that are:

1. Permission Based Analysis

2.APITags Based Analysis

3. Permissions plus API Tags based Analysis
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*All these three parts consist of these two steps.
STEP-1- Preprocess each database using "Remove Useless" filter in Weka [ 13].
STEP-2-Classifiy each database using five different machine learning algorithms in Weka [13].

1. Naive Bayes 2. KNN 3. Logistic Regression 4. C4.55.SVM

To test our created grouping models, we have utilized cross approval technique with 10 folds, i.e., our
dataset is part multiple times into 10 unique sets for learning (90% of the absolute dataset) and testing
(10% of the complete information). Note the Accuracy, True Positive Rate, and False Positive Rate of
every classifier.

Compare the ACCURACY and TIME EFFICIENCY of each classifier.

Second Experiment: In this experiment, we have extracted top ten permissions and API Tags from the
dataset of both benign and malicious apps. We have then compared the top ten permissions and API Tags
from both benign and malicious apps and have concluded dangerous permissions and API Tags.

4.RESULTAND ANALYSIS

Results of both the experiments are given below:

1st Experiment Results:

We generate the classification model using five different classifiers described earlier for permissions,
API Tags, and permissions plus API Tags as features and run them for four different datasets, a dataset of

50 instances, 100 instances, 150 instances and 200 instances respectively. We have used Weka [13] for
classification.

Table 1: The result of each classifier on permissions based dataset

Dataset of] Dataset of | Dataset of | Dataset of
50 100 150 200
Classifier |instances | instances | instances | instances
Acc,|TPR | Acc. | TPR | Ace. |TPR| Acc. |TPR
Naive  1900,/0.840| 95% [0.900| 79-0€ 0.933| 92% |0.960
Baves Oh
KNN( . : 89.33 )
e 86%|0.760| 90% [0.820 f 0.827| 95% [0.950
Logistic
B 5.3
Regressio 19094/0.880/93% [0.960 9‘0;;’3 0.960 92]5 0.960
it ) )
C4.5  190%0.880] 95% [0.980| 7333 10.933| 96% (0.970
A0
SVM  19094/0.880( 97% |0.960| 98% [0.973|98% |0.980
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CLASSIFIERS ACCURACY ON PERMISSION

DATASET
100%

95%

90%
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Maive KNN( k=5) Logistic C4.5
bayes Regression

CLASSIFIERS

M Accuracy of classifiers on 50 instances

ACCURACY

£

M Accuracy of classifiers on 100 instances
W Accuracy of classifiers on 150 instances

Accuracy of classifiers on 200 instances

Figure 3: Bar Graph showing classifier wise accuracy for permission based analysis

In permission based analysis we found that the accuracy of SVM is the highest i.e., 98% in the dataset of
200 and 150 instances while KNN holds the lowest accuracy i.e. 86 % in case of 50 instances. Also, we
found that in most of the cases, as we increase the number of instances the accuracy of classifier
increases with the slight exception in case of Naive Bayes

Table 2: The result of each classifier on API Tags based dataset

Dataset of{Dataset of)] Dataset of |Dataset of|
50 100 150 200
Classifier |jpstances |instances| instances |instances

Acc.|TPR [Acc.|TPR | Acc. |TPR | Acc. [TPR|

Nalve  |a60:10 960/93%|0.960 3733 |0.933| 9194|094
| Baves % 0
KINN( o o 9133 93.5(1.00
kos)  [86%(1.000/90%(1.000| o [1.000 77 |
Logistic
Regressio |3204/0 800|87%[0.880| %> 0.907| 72| -3
£ % % | 0

C4.5  |8494/0.920{91%|0.980| 93-33 |1.000] 93% ﬂf?

[1 1A

SVM 1369(0.880929/0.980| 94% [0.973( °>->| 0%
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Figure 4: Bar Graph showing classifier wise accuracy for API Tags based analysis

In API Tags based analysis we found that the accuracy of SVM is highest i.e., 95.5% after that Logistic
regression and C4.5 give better result in terms of accuracy while KNN holds the lowest accuracy i.e. 86
% in case of 50 instances. Also, we found that in most of the cases ,as we increase the number of
instances the accuracy of classifier increases with the slight exception in case of naive Bayes where the
accuracy attain a peak at dataset of 100 instances

Table 3: The result of each classifier on Permission plus API Tags based dataset

Dataset of |Dataset of| Dataset of | Dataset of CLASSIFIERS ACCURACY ON PERMISSIONS PLUS
: e s ks ik APl TAGS DATASET
Classifier | jjgtances |instances | instances | instances 100%
Acc. |TPR |Acc.|TPR | Acc. |TPR | Acc. | TPR S 95%
[ &)
P =3
Naive | 960410.960(96%[1.000| 7*-6©|0.987| 96% |0.990| | & 90%
Baves Yy S
KNN( o o & 075 < 85%
k=5) 949% (0.960(96%|0.960| 96% |0.960 % 0.980
— 80%
Logistic 96.66 Naive logistic €45 SVM
Regressio | 96% |0.960[98%|1.000 % 0.960| 98%0 |0.980 bayes Regression
n ° CLASSIFIERS
C45 9533 B Accuracy of classifiers on 50 instances
: §8% (0.920(96%0|0.980 5 0.947|98% (0.990] B Accuracy of classifiers on 100 instances
97 '33 985 M Accuracy of classifiers on 150 instances
SVM 1 96% (1.000[{96%/0.940 b (0960 70 10.980 Accuracy of classifiers on 200 Instances
n n
Figure 5: Bar Graph showing classifier wise accuracy for permission plus API Tags
based analysis
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In permissions plus API Tags based analysis we found that SVM turns out to be the best classifier as the
accuracy of SVM is highesti.e. 98.5. Also, we found that in most of the cases as we increase the number
of'instances the accuracy of the classifier also increases.

2nd Experiment result:
We found the top ten permissions from each of the database of 100 malicious apps and 100 benign apps
collected separately.
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Figure 6: Bar graph showing top 10 permissions used in malicious apps
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Figure 7: Bar graph showing top 10 permissions used in benign apps
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We also found the top ten API Tags from each of the database of 100 malicious apps and 100 benign apps
collected separately.
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Figure 8: Bar graph showing top 10 API Tags used in malicious apps
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Figure 9: Bar graph showing top 10 API Tags used in benign apps
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After comparing figure 6 and figure 7 we conclude that SEND SMS, READ SMS, RECEIVE SMS,
RECEIVE BOOT COMPLETED and ACCESS COARSE LOCATION are the permissions mostly
used only in malicious applications. Similarly, from figure 8 and figure 9 we can see that TELEPHONY
is the API Tag mostly used only in malicious applications.

5. CONCLUSION

In this paper, we have examined about Android applications comprised of both malicious and non-
malicious. In Malicious apps, we have used ten malware families which have already been discussed in
earlier chapters.

We have used five classification algorithms to detect the malware and subsequently evaluated the
classifiers on the basis of accuracy.

Taking into the consideration all databases, SVM classifier turned out to be the best classifier in
detecting the malware.

Out of all the three datasets i.e. Permissions, API Tags, Permissions plus API Tags as features,
Permission plus API Tags based features comes out be the best for the detection of malware on the basis
of features.

Analyzing all the datasets thoroughly, the top ten Android Permissions used in malicious applications
are INTERNET, READ PHONE STATE, WRITE EXTERNAL STORAGE, SEND SMS,
READ SMS, RECEIVE SMS, ACCESS NETWORK STATE, RECEIVE BOOT COMPLETED,
ACCESS WIFI STATE,ACCESS COARSE LOCATION.

Top ten API Tags used in malicious applications are ANDROID, APP, CONTENT, TELEPHONY, NET,
WIDGET, UTIL, OS, TEXT, VIEW After comparing the top most permissions and API Tags in both
malicious and benign apps we conclude that SEND SMS, READ SMS, RECEIVE SMS,
RECEIVE BOOT COMPLETED and ACCESS COARSE LOCATION are the dangerous
permissions and TELEPHONY is the dangerous API Tag.
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ABSTRACT

The main aim of this study is to understand the people perception towards Covid-19 preventive and )

management measure which has been taken by the Andhra Pradesh State government. Covid-19
Pandemic is a new type of challenge or Non-Programmed activity which was never faced by the Andhra
Pradesh State government, India in the past. In this article the researcher studies how the state
government has taken preventive and management measure to control the spreading of Covid-19
Pandemic under the leadership of Y.S.R. Jagan Mohan Reddy, Honourable Chief Minister of Andhra
Pradesh. 1650 Questionnaire/schedules are distributed among three districts (Visakhapatnam,
Vizianagaram and Srikakulam) of North Coastal Andhra Pradesh Region but 1026
questionnaire/schedules are received form the sample respondents. The researcher collected the required
data through well structured & tested questionnaires and schedules. The researcher used the Stratified
sampling technique which comes under the Probability sampling method and also followed the Covid-19
pandemic guidelines for data collection.

Keywords: Covid-19, Pandemic, Perception, people, Prevention and Management
- J

INTRODUCTION:

In December 2019, the epicentre for the COVID-19 disease is Wuhan city in Hubei Province of China
and has become a pandemic as per the World Health Organisation (WHO). The World Health
Organization (WHO) has given name to this virus as 2019-nCoV (Novel Coronavirus 2019, 2020)
which was later renamed as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by the
International Committee on Taxonomy of Viruses. The diseases caused by this virus is called as
coronavirus disease 2019 and abbreviated as COVID-19 (CO: corona, VI: virus, D: disease and 19:
2019 year). The Carona virus has exact resemblance (87%) with coronavirus of Bat (bird) and so, it is
suspected to develop from the bats. This virus is out broken in pneumonia type of disease with
respiratory problems and it is leading to death due to respiratory system failure. The patients show flu-
like symptoms with breathing problems and high fever. Still, there is no treatment of this disease.
However, control, prevention and management measures are the best options.

The disease has spread in 215 countries and territories with about 4,07,14,604 patients and more than
11,23,887 deaths globally. India is the second most affected country with about 75,97,063 patients and
more than 1,15,236 deaths after the United States of America (cases: 84,59,041 and deaths: 2, 25,241).
On 30th January, 2020 , the first case in India was confirmed in Kerala's Thrissur district, who was a
student and had returned home from Wuhan University of China for a vacation.

International Journal of Future Generation Communication and Networking (Volume- 16, Issue - 03, Sep - Dec 2023) Page No - 129



Prevention and the management

The prevention and management are very crucial issues to control the COVID-19 Pandemic. Besides,
there is a great need for the collective efforts of the people and the government. The regular and the
proper care of the homes and hospitals are very important to control this calamity. Therefore, it is
urgently advised and requested that all the persons should follow the preventive & management
measures, and quarantine strictly otherwise the situation may be the worst.

The constitution of India establishes a federal structure, viz., there are separate governments at union
and states levels, and there is a division of powers between the Central and State governments. The
"Public health and sanitation; hospitals and dispensaries" subject comes under State list or list II of
Indian Constitution. From the above inference, the Public health sector comes under the immediate
supervision and control of the state government. Hence, for the Preventive and management measures
towards Covid-19 Pandemic in India, the concerned State Governments have been playing an operative
role and the Union government of India doing the Coordinating and regulative activities.

This paper studies the perception of people towards the Covid-19 Preventive and Management
measures has taken by Andhra Pradesh state government under the leadership of Y.S.R, Jagan Mohan
Reddy, Honourable Chief Minister of Andhra Pradesh. The Andhra Pradesh State is one of the 28 states
of India and its consists of about 5.4 crores population according to Unique Identification Aadhar
organisation of India. The report of Andhra Pradesh State Health Department on 12th March, 2020, the
first Covid-19 positive case noted in Nellore district to 24 years old man, who returned from Italy and
tested Covid-19 positive. Present the virus has spread to all the total 13 districts of the state and East
Godavari district has the highest number of cases. On 20th October, 2020 the total Covid-19 cases in
Andhra Pradeshis 7,83,155 and deaths 6453.

The selected area of study is "North Coastal Andhra Pradesh region" (also called as Uttarandhra Region
in Telugu language) and it comprises of three districts viz. Visakhapatnam, Vizianagaram and
Srikakulam.

REVIEW OF RELATED LITERATURE:

The availability of literature on 'prevention and management of Covid-19 Pandemic' is hardly available
due to new subject and recent origin (Non-Programme activity). The 'review of related literature' is
presented below.

Sara Marelli et al., (July, 2020) found that the impact of lockdown was greater in students than in
workers, and also in females than in males. With regard to psycho-emotional aspects, about one-by-third
of our sample showed anxious depressive symptoms. The results of this study may provide support for
the implementation of some interventions for well-being in pandemic condition.

Lei Qin et al. (2000) found that by using Social Media Search Indexes (SMSI) to predict the outbreak of
COVID-19 Pandemic among populations in affected areas could be effective, and demonstrated a high
correlation with new suspected and, confirmed COVID-19 pandemic infection cases. SMSI is an
effective early predictor, that would enable the health government departments to point potential and
high-risk outbreak areas. So, the health government departments should prepare in advance for
epidemic prevention and plan new public health policies earlier.
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Tia Sheree Gaynor & Meghan E. (September 2020) concluded in their research-findings that existing
disparities exacerbate COVID-19 pandemic outcomes for Black people. Targeted universalism (means
setting universal goals and using targeted process to achieve those goals) is proposed as an
administrative framework to reach the needs of all people affected by COVID-19 Pandemic disease.

Judd E. Hollander et al., (April: 2020)" concluded that Disasters and pandemics pose peculiar
challenges to health care delivery sector. Though Tele-Health not solve them all, it's well suited for
scenarios in which infrastructure remains intact and clinicians are available to see patients. Payment and
regulatory structures, state licensing, credentialing across hospitals, and programme implementation all
take time to work through, but health systems that have already invested in telemedicine are well
positioned to ensure that patients with Covid-19 pandemic receive the care they required. In this
occasion, it may be an effectively perfect solution.

CDC COVID-19 Response Team (March:2020) found that the risk of deadly COVID-19 pandemic in
USA increases with age. The Team recommend Social distancing for all ages to slow the spread of the
virus, protect the health care system, and help protect vulnerable older adults. Further, avoid cruise
travel and nonessential air travel, and stay home as much as possible to further reduce the risk of being
exposed. The people and communities should cooperate to help slow the spread of COVID-19 and
protect older adults.

Hasan Muhammad Baniamin et al. (2020) " summarised different factors that account for both the
control and the spread of COVID-19. The study identified countries according to their relative success
in preventing the virus and mitigating its spread. Such initial success may not last due to fresh waves of
the disease. The factors identified in this study generate inputs for policymakers and practitioners of
different countries to consider when making and evaluating policy. Countries that are not affected yet or
still in the initial state of the spread of the disease may learn from the factors identified in this study.

Imran Ali et al. (2020) realised that Covid-19 pandemic is spreading rapidly among the persons who
are taking it non-seriously and not following the advice of WHO, and commands of the local
governments. So, the study requested that all the persons should follow the preventive measures,
managements and quarantine strictly otherwise the situation may be worsened. In outline, the collective
efforts should require globally to fight against Covid-19 like diseases in future.

Huijuan Jin et al.,, (April:2020) revealed that people who infected with Covid-19 may show
neurological symptoms first. Neurologists and Healthcare providers could pay close attention to these
symptoms and have a high index of suspicion when evaluating patients in an endemic area. The Early
recognition of this disease may help in providing of treatment. And also, the isolation of patient at early
stage to prevent clinical worsening and spreading of deadly virus.

Amerigo Giudice etal., (2020) concluded that COVID-19 has spread worldwide in a pandemic way and
infection control measures are mandatory to limit contagion, especially for healthcare professionals
who meet potentially infected patients. In any case, the decrease of infectious risk remains a major
challenge for dentists, among the most exposed health professionals.
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Objectives of the Study

1 To study the perception, opinion and satisfaction levels of North Coastal Andhra Pradesh
Region people towards Covid-19 preventive and management measures has taken by
state government of Andhra Pradesh.

2 To study, how the State Administrative mechanism is responsive, proactive and effective
in Prevention and Management of Covid-19 pandemic.

3 To study which Strategies, methods and techniques followed by Andhra Pradesh State
government to Control and prevention of spread of Covid-19 Pandemic disease.

limitations of the study

1. The study was delimited to Geographic area of North Coastal Andhra Pradesh region of
Andhra Pradesh only.

2. The study does not cover the total population of North Coastal Andhra Pradesh Region
people, due to restraint of time & resources.

3. The majority of the Respondents are those who are affected Covid-19 affected persona
and their family members.

4. Due to Covid-19 lockdown limitations rules, the person to person interaction is hardly
possible and majority of information gathered through Telephone, WhatsApp calls, etc.

RESEARCHMETHODOLOGY

The researcher has done a descriptive research on the topic "People perception towards Covid-19
Preventive and Management Measures by State Government of Andhra Pradesh, India: A Study on
North Coastal Andhra Pradesh Region". The Stratified sampling technique (population divided into
groups based on some characteristics and then within each group, a simple random sample is used) has
been used for distribution of Questionnaire and Schedule for primary data collection. To collect
information through questionnaire and schedule, the researcher mostly used Telephone and Internet
networks like Gmail, skype, WhatsApp's, Facebook, SMS, etc, due to Covid-19 rules. Secondary data
were collected from the available, books, journals, records, and websites. The data has been analysed
with the statistical tools like averages and percentage analysis. The study is quantitative and to some
extent qualitative in nature. The research period started from 21st June, 2020 and ended on 20th October,
2020.

ANALYSISAND DISCUSSION:

The Researcher has been received response from 1026 (One thousand and twenty-six) sample
respondents out of total distributed 1650 Questionnaires & schedules in North Coastal Andhra Pradesh
Region. The majority of the Respondents are those affected by Covid-19 Pandemic and their family
members. According to 2011 census of India, the total population of this region is 9,338,177. The
selected area of study is "North Coastal Andhra Pradesh region consists of 3 districts viz.
Visakhapatnam, Vizianagaram and Srikakulam. The distribution is given below table.
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Table 1: Number of Covid-19 cases and Sample Respondents from three Districts of North
Coastal Andhra Pradesh Region

P Total Total R O Percen-
SL Name of the| P Covid-19 | Covid-19 | 2MP™ | taces
2 e (Census- e Respon-
No. Districts Positive deaths (%) of
2011) dents
Cases Samples
1 Visakhapatnam 2,703,114 51490 455 412 40%
2 Vizianagaram 2,344,474 36415 222 294 29%
3 Srikakulam 4.290.589 40808 327 320 31%
Total: - 9,338,177 91985 1,004 1026 100%
Source: Primary data
Figure: -1
Total: -, 100%
100%
- 80%
.,é 60% Visakhapatnam , 40% eI Ee———"
= 40%
o W
= 0%
Visakhapatnam Vizianagaram Srikakulam Total: -
DISTRICTS
Table 2: The Sample Respondents' Socio-Economic Profile
Sl ; . 0
No Variables Particulars No. of Respondents Percentages (%)
Below 25vears 174 17%
1 Age group 25-55years 493 48%
55 Above 359 35%
Total 1008 100%
Males 564 55%
B (T Females 462 45%
Total 1026 100%
Geographical Rural 595 58%
3 Regions Urban 431 42%
Total 1026 100%
oC 211 21%
BC 512 50%
4 Community-wise SC 199 19%
ST 81 8%
Minorities 23 2%
Total 1026 100%
Source: Primary data
Inference

From the above table, the highest respondents age group is 'between 25-55 years' age group (48%) then
followed by '55 years above' age group (35%), and 'below 25 Years' age group (17%). In Gender Group
variable, the male (55%) is the highest then followed by female (45%). In Geographical region group,
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the 'rural region' (58%) group is the highest then followed by 'Urban region' (42%). Among 'community
groups', the highest is 'BC community' (50%) then followed by 'Open Community (OC)' (21%), 'SC
Community' (19%), 'ST Community' (8%) and 'Minority Community' (2%).

In the Socio-economic Profile clearly evident that the respondents belong to the age group 'between 25
to 55 years' (48%), male (55%), rural region (58%) and BC Community group (50%) are the highest.

Table 3: The Respondents perception towards Andhra Pradesh Government's methods and

techniques using for prevention of Covid-19 Pandemic.

Particulars Number of Respondents Percentage
Effective 866 84%
Neutral 91 9%
Ineffective 69 7%
Total 1026 100%
Source: Primary data
Figure: -2
100% Percentage, 100%
20% Percentage, 84%
a 60%
E
g i Percentage, 9' Percentage, 7%
0%
Particulars
Inference

In this table, the 'Effective' option (84%) is the highest then followed by 'Neutral' option (9%) and
'Ineffective’ option (7%). Hear, 84% of North Coastal Andhra Pradesh sample respondents perception
towards the State government using methods and techniques for prevention of Covid-19 Pandemic are
effective. Hence, the North Coastal Andhra Pradesh Region people believed that the State Government
used methods and techniques like trace-test-treat method, Containment zones, Social distancing, work
from home, etc., to control (mass community spread) Covid-19 Pandemic are "Effective".

Table: - 4: Respondents perception towards AP state government's awareness campaign about
Covid-19 Pandemic.

Particulars No. of Respondents Percentage
Good 834 81%
Cannot say 91 9%
Bad 101 10%
Total 1026 100%
Source: Primary data
Figure: -3

Particulars

Total, 100%

d Good, 81%
an 100%
o
b
3
E 50% Cannot say, 9% Bad, 10%
o 4 H

0%

Good Cannot say Bad Total
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Inference

In this table, the 'Good' option (81%) is the highest then followed by 'Bad' option (10%) and 'Cannot say'
option (9%). The table, clearly shows that 81% of sample respondents perception towards AP state
government's awareness campaign about the Covid-19 Pandemic is good. Hence, the North Coastal AP
people accepted the State government is good in creating awareness about Covid-19 Pandemic dangers
and its preventive measures through their Communication networks like media, Government officers,
etc.

Table: -5: Respondents perception towards the State government's supply of nutritional food
and regulation of food prices

Particulars No. of Respondents Percentages
Satisfied 834 81%
Neutral 91 9%
Dissatisfied 101 10%
Total 1026 100%
Source: Primary data
Figure-4
Percentages, 100%
100% Percentages, 81%
]
80%
g
5 60%
o
[1] A40%
-9 Percentages, 10%
20% Percentages, 9% -
0% Particulars
Inference

In this table, the 'satisfied' option (81%) is the highest then followed by 'Dis-satisfied' option (10%) and
'Neutral' option (9%). The table, clearly shows that 81% of respondents satisfied towards the State
government's supply of nutritional food and regulation of food prices. So, North Coastal Andhra
Pradesh people are satisfied with the AP State Government in time supply of nutritional and essential
food items (to boost the immunity system) to people through PDS (Public Distribution System) & AWC
(AnganWadi Centres) at free of cost, Rythyu Bazars at cheap prices and other markets at regulating
prices to control the Covid-19 Pandemic.

Table: -6: Respondents perception towards government's strictly implementation of
Containment zones, Red zones and Buffer zones rules.

Particulars No. of Respondents Percentage
Satisfactory 789 77%
Cannot Say 111 11%

Not Satisfactory 126 12%
Total 1026 100%

Source: Primary data
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100%
g 80% Satisfactory, 77%
g 60%
S
S 40%
] Cannot Say, 11% Not Satisfactory, 12%
& 20%

0%
SATISFACTORY CANNOT SAY NOT SATISFACTORY TOTAL
Satisfaction Levels
Inference

In this table, the 'Satisfactory' option (77%) is the highest then followed by Not Satisfactory' option
(12%) and 'Cannot say' option (11%). Hear, it clearly indicates that 77% of respondents satisfactory
towards State government strictly implementation of Containment zones, Red zones and Buffer zones
rules. So, the people of North Coastal Andhra Pradesh are satisfactory towards the state government
strict implementation of lockdown rules in Containment zones, Red zones and Buffer zones of rural and
Urban areas to restrict the spread of Covid-19.

Table: -7: Respondents perception towards role of Andhra Pradesh State Police Department in
implementation of Lockdown rules to prevention of Covid-19.

Particulars No. of Respondents Percentages
Good 767 75%
Neutral 118 12%
Bad 141 13%
Total 1026 100%

Source: Primary data

Figures: - 6

Total, 100%
100% Good, 75%
wy
8 509
g Neutral, 12% Bad, 13%
g 0%
(7]
E GOOD NEUTRAL BAD TOTAL
Particulars
Inference

In this table, the 'Good' option (75%) is the highest then followed by 'Bad' option (13%) and 'Neutral'
option (12%). Hear, it clearly indicates that majority (75%) of respondents accepted the role of Andhra
Pradesh State Police Department in the implementation of Lockdown rules are good. So, the North
Coastal Andhra Pradesh people opinioned that the Andhra Pradesh state police department has played a
good role in the implementation of Lockdown rules like controlling people mobility in public places,
social gatherings, functions, etc., to control the Covid-19.
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Table: -8: Respondents perception on State government implementation of Central
Government Lockdown rules strictly

: No. of
Particulars Percentage
Respondents
Successfully 886 86%
Neutral 129 12%
Un-successfully 11 2%
Total 1026 100%
Source: Primary data
Figure: -7
Total, 100%
" 100% Successfully, 86%
8
e 80%
=
Q
c 60%
o
o
A0%
Neutral, 12%
20% Un-successfully, 2%
4 e —
0%
Particulars
Inference

In this table, the 'Successfully' option (86%) is the highest then followed by 'Neutral' option' (12%) and
'Un-successfully' option (2%). It shows clearly that majority of respondents (86%) agreed that State
Government of Andhra Pradesh successfully implemented the Central government Lockdown rules
strictly. Hence, The People of North Coastal Andhra Pradesh believed that the State government of
Andhra Pradesh successfully implemented the Central government lockdown rules i.e. restriction on
public transport (aircraft, train, metro, bus, taxi, etc.), Educational institutions, Gymnasiums,
Pilgrimage places, companies, Entertainment places, etc to control the spread of Covid-19 Pandemic

disease.

Table: -9: Respondents opinion towards State government Covid-19 Testing percentage.

Particulars | No. of Respondents | Percentages
Yes 819 80%
Don’t know 66 6%
No 141 14%
Total 1026 100%
Source: Primary data
Figure: -8
Total, 100%
100% Yes, 80%
0 80%
% 60%
= 40%
2 R Don't know, 6% g diteic
3 S [ 4
= 0%
Yes Don’t know pg rticulars N© Total
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Inference

In this table, the "Yes' option (80%) is the highest then followed by 'No' option (14%) and 'Don't know'
option (6%). It clearly indicates that majority of respondents (80%) accepted "Yes" that the testing
capacity of Andhra Pradesh is high and sufficient. Hence, North Coastal AP region people accepted that
the Covid-19 Testing (RT-PCR, Trunat and Rapid Kit Testing) capacity of Andhra Pradesh is high and
sufficient. Andhra Pradesh State is the highest Testing Capacity in India. And this Testing is conducted
according to WHO and ICMR Covid-19 testing guidelines to control the spread of Covid-19 Pandemic.

Table: -10: Respondents perception towards state government conduct of door-to- door survey
and trace-test-treat method.

Particulars No. of Respondents | Percentages
Good 829 81%
Don’t know 72 7%
Bad 125 12%
Total 1026 100%
Source: Primary data
Figure: -9
- Total, 100%
100% Agreed, 80%
E o -"_.J:.J'_.-
{+71]
=
g 50%
= = o,
o Don't know, 6% Dlsag_n.aled, i
0% o555 5053
Agreed Don’t know Disagreed Total
Opinions
Inference

In this table, the 'Good' option (81%) is the highest then followed by 'Bad' option (12%) and 'Don't know'
option (7%). The above data, clearly reveals that the majority of the respondents (81%) expressed
"Good" towards the state government conduct of door-to-door survey and trace-test-trace method.
Hence, the North Coastal Andhra Pradesh Region people said that the Andhra Pradesh State government
conducted of the door-to-door survey, Rapid Health Check-ups and trace-test method delivery are good
to prevention and control of Coviid-19 Pandemic. And this work has done with local network of ASHA
workers, Auxiliary nurse midwife (ANM), village, and ward volunteer.

Table: -11: Respondent perception towards the provision of Surgical Masks, Covid-19 home
isolation Kkits and other medical items by state Government.

Particulars | No. of Respondents | Percentage
Provided 854 83%
Don’t know g1 8%
Not Provided 91 9%
Total 1026 100%

Source: Primary data
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Figure-10

Total, 100%

100% Provided, 83%
@ 80%
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b
£60%
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5 40% Not Provided,
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Particulars

Inference

In this table, the 'Provided' option (83%) is the highest then followed by 'Not provided' option (9%) and
'Don't know' option (8%). It shows clearly shows that majority of respondent (83%) accepted the State
government has provided Surgical Masks and Home isolation Kits at free of Cost. So, The North Coastal
Andhra Pradesh people accepted the State government has provided the Surgical masks and Covid-19
home isolation medical and other required medical items at free of cost in rural and urban areas and it is
also useful to control and prevention of Covid-19 Pandemic disease.

Table -12: Respondents perception towards treatment, facilities and monitoring in District and

State COVID Hospitals
Particulars No. of Respondents Percentages
Good 833 81%
Don’t know 93 9%
Bad 100 10%
Total 1026 100%
Source: Primary data
Figure-11
Total, 100%
100% Good, 81%
% 80%
£  60%
g A0%
a o Don't know, 9% Bad, 10%
y
e Particulars

Inference

In this table, the 'Good' option (81%) is the highest then followed by 'Bad' option (10%) and 'Don't know'
option (9%). It shows clearly shows that the majority of respondents (81%) agreed the treatment,
facilities and monitoring in District and State COVID Hospitals are good. So, the North Coastal Andhra
Pradesh region people accepted that the facilities, treatment and monitoring in District and State
COVID Hospitals of Andhra Pradesh state government are good to control Covid-19 Pandemic.
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Table: - 13: Respondents view towards amenities and facilities in Quarantine Centres.

Particulars No. of Respondents Percent_ages
Good 801 78%
Neutral 100 10%
Bad 125 12%
Total 1026 100%
Source: Primarv data
Figure-12
120% Total, 100%
2 100%
E! 80%
5 60%
5 40%
& 500 Neutral, 10% Bad, 12%
0%
GOOD NEUTRAL BAD TOTAL
Particulars
Inference

In this table, the 'Good' option (78%) is the highest then followed by 'Bad' option (12%) and Neutral'
option (10%). It clearly shows that majority of the respondents (78%) said the amenities and facilities in
State Quarantine Centres are good. Hence, the North Coastal Andhra Pradesh region people accepted
the Andhra Pradesh State government's Quarantine Centres are good in basic amenities and facilities
like Healthy food, drinking water, sanitation material, Hygienic environment, etc. And this State
Quarantine are very help in the control of Covid-19 spread by isolation from main stream public.

Table: - 14: Respondents perception towards improvement of Health infrastructure and
Recruitment of Medical Staff.

: . No. of )
Particulars Respondents Percentages

Sufficient 758 T4%

Don’t know 93 10%

Insufficient 175 16%

Total 1026 100%

Source: Primary data
Figure: -13
Total Total, 100%
4 Insufficient Insufficient, 16%
% Don't know Don’t know, 10%
-Eu Sufficient Sufficient, 74%
o
0% 20% 40% B60% 100%
Percentages
Inference

In this table, the 'Sufficient' option (74%) is the highest then followed by 'Insufficient' option (16%) and
'Don't know' option (10%). It clearly indicates that majority of the respondents (74%) said the Health
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infrastructure and medical staff are sufficient. Hence, North Coastal Andhra Pradesh region people said
that the Health infrastructure (Building, Ventilators and other hospital equipment) and medical staff
(Doctors, Nurses, Pharmacists and others) are sufficient to Prevention and Management of Covid-19
Pandemic.

Table: - 15: Respondent perception towards Frontline workers role in Covid-19 prevention
and Management

Particulars | No. of Respondents | Percentages
Agreed 819 80%
Don’t know 66 6%
Disagreed 141 14%
Total 1026 100%
Source: Primary data
Figure: -14
Total, 100%
i Agreed, 80%
w  80%
a
an
I 0%
T
£ a0%
o 5 . % Disagreed, 14%
20% on’t know,
= L'
0% Particualars
Inference

In this table, the 'Agreed' option (80%) is the highest then followed by 'Disagreed' option (14%) and
'Don't know' option (6%). It clearly indicates that the majority respondents (80%) agreed that Frontline
staff has played key role in prevention of Covid-19 disease. Hence, North Coastal Andhra Pradesh
region people agreed that the State government Covid-19 Frontline warriors (staft) like Medical staff,
Police, Sanitation workers, local bodies staff and others have played a key role in the prevention and
management of Covid-19.

Findings

1) In the Socio-economic Profile clearly evident that the respondents belong to the age group
'between 25 to 55 years' (48%), male (55%), rural region (58%) and BC Community group
(50%) are the highest.

2) Hear, 84% of North Coastal Andhra Pradesh sample respondents perception towards the
State government using methods and techniques for prevention of Covid-19 Pandemic are
effective. Hence, the North Coastal Andhra Pradesh Region people believed that the State
Government used methods and techniques like trace-test-treat method, Containment zones,
Social distancing, work from home, etc., to control (mass community spread) Covid-19
Pandemic are "Effective".

3) The table, clearly shows that 81% of sample respondents perception towards AP state
government's awareness campaign about the Covid-19 Pandemic is good. Hence, the North
Coastal AP people accepted the State government is good in creating awareness about
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Covid-19 Pandemic dangers and its preventive measures through their Communication networks like
media, Government officers, etc.

4) The table, clearly shows that 81% of respondents satisfied towards the State government's
supply of nutritional food and regulation of food prices. So, North Coastal Andhra Pradesh
people are satisfied with the AP State Government on time supply of nutritional and essential
food items (to boost the immunity system) to people through PDS (Public Distribution
System) & AWC (AnganWadi Centres) at free of cost, Rythyu Bazars at cheap prices and
other markets at regulating prices to control the Covid-19 Pandemic.

5) Hear, it clearly indicates that 77% of respondents satisfactory towards State government
strictly implementation of Containment zones, Red zones and Buffer zones rules. So, the
people of North Coastal Andhra Pradesh are satisfactory towards the strict implementation of
lockdown rules in Containment zones, Red zones and Buffer zones of rural and Urban areas
to restrict the spread of Covid-19.

6) Hear, it clearly indicates that majority (75%) of respondents accepted the role of Andhra
Pradesh State Police Department in the implementation of Lockdown rules are good. So, the
North Coastal Andhra Pradesh people opinioned that the Andhra Pradesh state police
department has played a good role in the implementation of Lockdown rules like controlling
people mobility in public places, social gatherings, functions, etc., to control the Covid-19.

7) It shows clearly that majority of respondents (86%) agreed the State Government of Andhra
Pradesh successfully implemented the Central government Lockdown rules strictly. Hence,
The People of North Coastal Andhra Pradesh believed that the State government of Andhra
Pradesh successfully implemented the Central government lockdown rules i.e. restriction on
public transport (aircraft, train, metro, bus, taxi, etc.), Educational institutions, Gymnasiums,
Pilgrimage places, companies, Entertainment places, etc to control the spread of Covid-19
Pandemic disease.

8) It clearly indicates that majority of respondent (80%) accepted "Yes" that the testing capacity
of Andhra Pradesh is high and sufficient. Hence, North Coastal AP region people accepted
that the Covid-19 Testing (RT-PCR, Trunat and Rapid Kit Testing) capacity of Andhra
Pradesh is high and sufficient. Andhra Pradesh State is the highest Testing Capacity in India.
And this Testing is conducted according to WHO and ICMR Covid-19 testing guidelines. to
control the spread of Covid-19 Pandemic.

9) The above data, clearly reveals that the majority of the respondents (81%) expressed "Good"
towards the state government conduct of door-to-door survey and trace-test-treat method.
Hence, the North Coastal Andhra Pradesh Region people said that the Andhra Pradesh State
government conducted of the door-to-door survey, Rapid Health Check-ups and trace-test-
treat method and delivery of medicine are good to prevention and control of Coviid-19
Pandemic. And this work has done with local network of ASHA workers, Auxiliary nurse
midwife (ANM), village, and ward volunteer.

10) It clearly shows that majority of respondents (83%) accepted that State government has
provided Surgical Masks and Home isolation Kits at free of Cost. So, The North Coastal
Andhra Pradesh people accepted the State government has provided the Surgical masks
and Covid-19 home isolation medical and other required medical items at free of cost in
rural and urban areas and it is also useful to control and prevention of Covid-19 Pandemic
disease.

11) It shows that the majority of respondents (81%) agreed the treatment, facilities and
monitoring in District and State COVID Hospitals are good. So, the North Coastal Andhra
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Pradesh region people accepted that the facilities, treatment and monitoring in District and State
COVID Hospitals of Andhra Pradesh state government are good to control Covid-19 Pandemic.

12) It shows that majority of the respondents (78%) said the amenities and facilities in State
Quarantine Centres are good. Hence, the North Coastal Andhra Pradesh region people
accepted the Andhra Pradesh State government's Quarantine Centres are good in basic
amenities and facilities like Healthy food, drinking water, sanitation material, Hygienic
environment, etc. And this State Quarantine are very help in the control of Covid-19 spread
by isolation from main stream public.

13) It clearly indicates that majority of the respondents (74%) said that Health infrastructure and
medical staff are sufficient. Hence, North Coastal Andhra Pradesh region people said that the
Health infrastructure (Building, Ventilators and other hospital equipment) and medical staff
(Doctors, Nurses, Pharmacists and others) are sufficient to Prevention and Management of
Covid-19 Pandemic.

14) It indicates that the majority respondents (80%) agreed that Frontline staff has played key
role in prevention of Covid-19 disease. Hence, North Coastal Andhra Pradesh region people
agreed that the State government Covid-19 Frontline warriors (staff) like Medical staff,
Police, Sanitation workers, local bodies staff and others have played a key role in the
prevention and management of Covid-19.

Recommendations

1) The Andhra Pradesh State government to some extent successful in creating awareness about
Covid-19 - dangers and its precautions (like Community spread, Co-morbidity, fatality,
Social distancing, Home Isolation, Sanitisation of Hands, wearing masks, etc.) among Urban
people. But in rural areas the Covid-19 awareness among the people is inadequate. So, the
State government should increase the Covid-19 awareness campaign at mass level in rural
and tribal areas through it is communication networks like Print, Electronic and Social
media.

2) The State Government of Andhra Pradesh should provide Sanitisers, Mask and others items to
Below Poverty Level (BPL) people through Public Distribution System (PDS) or Fair price
shops at free of cost or affordable prices.

3) The Frontline staff for Covid-19 prevention are Medical staff (Doctors, Nurses, Pharmacists,
etc.), Sanitation workers and Police. To protect Frontline staff from the deadly Virus then the
State government should provide PPE kits, Sanitisers, Masks, Medicines, Vaccines (if
discovered) adequately and regular. If possible, the government should supply Nutritious
food at free of cost to them to boost their immunity system.

4) The State government should provide Covid-19 special allowances (incentives) to Medical
staff to increase their motivation levels to work more efficiently for preventive and
management measures of Covid-19 Pandemic.

5) To increase the effective measures for Covid-19 preventive and management the Health and
Medical staff should be trained with latest updated medical technology.

6) The State government should strengthen the Isolation and Quarantine centres with well-
equipped facilities at every village to face second wave of Carona or any new type of flu/virus
disease in future.

7) The Government has given permission to the Private Hospitals for Covid-19 disease treatment
but the Private Hospitals are charging high amount of fees from the people. So, the
government should regulate the fee charges of the Private Hospitals immediately.
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8) The Covid-19 Testing capacity of Andhra Pradesh State is number one in India. But the state
government should increase the Testing labs and reduce the time of testing reports to give
quick treatment and isolation of Covid Patients.

9) The state government should provide some essential food commodities like fruits, vegetables,
milk, groceries through Public Distribution System (PDS)/ Fair Price Shops to the BPL
families to boost their immunity system to containment of Covid.

10) The State government should strictly implement the order of prohibiting the use and spitting

of smokeless tobacco or chewable tobacco/non-tobacco product, sputum in public places.

11) The Andhra Pradesh Government has to take people cooperation by involving the people in

the Control of Covid-19 disease spreading.

12) The State government should use the advanced Information and Technology like 'COVID

alert tracking system', Setu appp, etc., to under control of Covid.

CONCLUSION

From this study, it is very clear that the State Government of Andhra Pradesh has taken good preventive
and management measures to control Covid-19 in North Coastal Andhra Pradesh Region. Andhra
Pradesh is the first highest Covid-19 testing capacity in India. From the begging of the study the Covid-
19 cases are very high and end of the research period the cases are declined. If the Covid-19 Vaccine
discovered in the year ending then the Union government of India should provide that vaccine first to
Frontline staff, Co-morbidities and old patients immediately. If the same Covid-19 preventive and
management measures are continued or even improved further will create a good name and fame to the
Government of Andhra Pradesh.
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ABSTRACT

- ; . } ) ; : A
Healthcare and Life Sciences are among severely researched domains. With the introduction of

computing paradigms and possibility of leveraging computational techniques have opened new research
avenues. Heart is one among the most researched organs and the reason being trivial. With the advent of
computational paradigms researchers explored ways to measure the electrical activity of the heartbeat
which is known as electrocardiogram (ECG). Since then ECG has become one of the most important as
well as primary tests to diagnose any irregularities in the functioning of the heart. The availability of the
ECG data and possibility of employing deep learning models and their robustness has made researchers
venture into leveraging them to elevate the accuracy of the ECG Analysis. To date there exists no end-to-
end evaluation model based on deep learning techniques. In our present work, we identify different
classes of cardiac rhythm by leveraging single-lead ECG. Our results show a significant improvement in
ROC (approx. 0.97). Furthermore, our results demonstrate that we can classify a wide spectrum of
arrhythmias using Deep Learning Techniques which are comparable to that of cardiologists. This
approach can be used to minimize the component of human misdiagnose and help improve the quality of
cardiac care.

Keywords: ECG, Deep Learning, Arrhythmia, Cardiology.
N J

L.INTRODUCTION

Out of the large number of deaths that occur due to cardiac issues, a significant number of deaths is cause
due to Cardiac arrhythmia. Annually, millions of people die of arrhythmia and hence it becomes
imperative to research on this topic. A lot of researchers have already worked on arrhythmia using many
techniques like wavelets, Support Vector Machines (SVM) etc. Understanding of ECG is very essential
to detect and classify Arrhythmia and involves many steps including Pre-processing ECG Signal,
segmentation, peak detection / feature extraction and detection / classification.

ECG is one of the most important instruments used in cardiological practices in a clinical setup. Every
year millions of ECGs are ordered worldwide. ECG's output, in clinical practices is heavily relied upon
for decision making as it can help in identifying several abnormalities. Advent of ECG changed the
landscape of cardiac care and introduction of computational paradigms has opened new avenues in
research. [1][5-7] show that some of the conventional algorithms lead to some level of incorrect
diagnosis. This is also since ECG data is too complex to interpret and conventional algorithms may not
scale up to handle the level of complexity. But with the advent of High-Performance Computing
paradigms and possibility of implementing machine learning and deep learning algorithms, it has now
become possible to use these paradigms to analyze ECG.
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A lot of development that has happened over a past couple of years has paved way for deep learning
models. These are the computational models with multiple layers where each layer is abstract and is
designed to perform a specific task. These models have significantly increased the accuracy of
techniques like speech and image recognition. These models are not just limited to speech and image but
they can also be extended to research in computational life sciences and medical data analysis. Unlike
conventional algorithms and machine learning deep learning and neural networks can recognize
patterns from the data and interpret the features which help in feature extraction and feature engineering
making them most sought after computational methods specially to interpret data like ECG.

As aforementioned, ECG Data is very complex and a lot of researchers have employed various
computational methods including Machine Learning (ML) and Deep Learning (DL) Algorithms but
their focus has mostly been on certain aspects of ECG analysis. Works like [5-6] have focused more on
noise reduction, whereas researchers in works [7-8] have focused mostly on feature extraction ending
up in detecting only a few heartbeats [9-12]. Works [13-17] detects and classify only a few types of
cardiac rhythms. Most of the aforementioned works have been limited by lack of data that doesn't record
/ contain comprehensive cardiac rhythms.

It has been our endeavor in this work to create a novel data set that has comprehensive annotations for a
wide range of rhythms. We have developed novel algorithm to detect wide range of cardiac rhythm
classes. The data set contains ECG data from a single-lead ECG machine.

II. RELATED WORKS

Since the advent of newer computing paradigms like Machine Learning and Deep Learning techniques,
alotof researchers have developed lot of different techniques to detect various abnormalities, especially
arrhythmia.

2.1 Detecting Arrhythmia from ECG data.

As mentioned in the previous sections, ECG signals represent the electrical activity of the heart. It is
very important to study the changes in electrical signals for diagnosing arrhythmia and other cardiac
abnormalities. Figurel as shown below, shows an example of a general 2-lead ECG [18] generally, a
peak can be defined as space between an apex and 2 valleys and such a peak in ECG terminology is
termed as R-peak. And RR Interval (RRI) is defined as interval between 2 consecutive R-peaks. The
valley on either side of an apex of the peak is studied and each such window is analyzed and features are
extracted to detect arrhythmia and classify various cardiac rhythms. It becomes very trivial at this point
to note how imperative it is for the feature extraction to be very accurate and effective.
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Figure 1: General Example of 2-lead ECG

International Journal of Future Generation Communication and Networking (Volume- 16, Issue - 03, Sep - Dec 2023) Page No - 148



Many researches have been conducted to study and detect abnormalities by leveraging computational
paradigms. Most of the conventional approaches employ methods to manually extract the features from
the ECG data. It is Machine Learning and Deep Learning that changed the way this type of data was
being analyzed. [19] has proposed ECG classification using Conventional Neural Networks (CNN).
Their model used MIT Database and focused only on VEB and SVEB. However, their approach was
patient-centric which suffered from lot of variations. The work in [20] demonstrated ECG Classification
by employing one-dimensional CNN. However, their approach to classification was more patient
specific than being generic. Their approach to train their model was hybrid, i.e. the normal beats were
recorded from the patients while the abnormal beats were emulated. Some of the other researchers who
started working on a more generic approach like Zubair et al in [21] based on 1-d Convolutional Neural
Network (CNN) which employed 3 layers and 1 fully connected Softmax layer. However, one of the
pitfalls were that the data suffered from patient overlap in train and test data. Taking a cue from their
work, researchers in the work mentioned in [22] increased the convolutional layers to 5.

Based on these works and works of many other researchers we have put forth our efforts to ensure that
the data used in our work is strictly non-patient centric thus helping to clearly capture the efficiency and
accuracy of our model.

III. PROPOSED ALGORITHM
The general architecture of CNN Algorithm is as shown in Figure2

1
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Figure 2: General Architecture of CNN

It consists of a series of input layers and pool which are connected to a fully connected layer which
generates the output. The architecture is similar to the connectivity of neurons in the brain and is in-fact
was inspired by the neural connection patterns in the human brain. The individual layers that perform a
linear operation on the input parameters in called a convolution.

Generally, in the conventional Machine Learning Algorithms like Regression, we use normalization
technique to scale the input to a range of value. This works well in a single layer but when want to extend
the same technique to a CNN with multiple layers the input distribution gets changed at subsequent
layers where each layer tries to normalize and the error propagates where the initial normalized values
gets shifted resulting in "internal covariate shift".

To overcome this problem, we add a normalization layer between subsequent layers thereby inhibiting
the hidden / convolution layers from normalizing the values. Since these layers keep normalizing the
values at each layers in batches, this technique is termed as "batch normalization" [23] generally
abbreviated as batch norm. A general architecture of Batch Normalization is as shown in Figure3.
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Generally, there are 4 steps involved in Batch Normalization i.e. a) batch mean b) batch-variance c)
normalization d) scale and shift.

For any input batch at a normalization layerB={x,,...,m},the output of that layer will be will be
{y=BN,4(x)} [23]. Where:
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We have used the data from a 200 Hz ECG Monitor and have extracted a median of a 30 sec record per
record to build the dataset. Most of the records are a multiplexed representation meaning there could be
different classes of thythms in a single record. We then employed the developed algorithm, as shown in
Figure4, which feeds on the ECG data that is sampled at 200Hz which are raw samples of ECG. The
neural network in our work consists of 30 layers and 15 residual blocks where the batch normalization is
applied along with ReLU and Dropout [24]. We have trained the network by employing the random.
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Figure 4: Proposed Algorithm

III. EXPERIMENTAND RESULT

Our work demonstrates that the accuracy of the model is around 0.97. Our study demonstrates how
employing Deep Learning Methods can improve the accuracy and open new avenues for research.
Figure 5 shows the AUC of the rhythm classes and we can note that the accuracy is elevated compared to
the annotations.
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Rhythm Class AUC
AF 0.965
AVB 0.981
BIGEMINY 0.996
IVR 0.987
JUNCTIONAL 0.979
NOISE 0.947
TRIGEMINY 0.997
Average 0.978
Table 1: Rhythm Class AUC
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Figure 5: ROC for various rhythm classes
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Figure6 shows the accuracy of the training and test sets against the number of epochs run.

IV.CONCLUSION
I believe that there is a scope for development of a more comprehensive end to end approach that
employs deep learning and other neural network paradigms.
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ABSTRACT
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Manufacturing companies engaged in wood processing produce products in the turning process. The

problem faced by the company is a waste where defects often occur in each production process. The cause
of the disability arises in workers with human error. This research aims to minimize the waste in activities
that do not provide added value and find the factors that cause a human error in the turning production
process. For this reason, the method is used to Value Streaming Mapping illustrate the flow of products,
the entry of raw materials to finished products. The research was distributing questionnaires to the
production department and then processed with a waste assessment model, waste relationship matrix and
waste assessment questionnaire so that the three highest wastes were obtained, namely waste defects
(27,979%), waste overproduction (15,471%) and waste inventory (12,363%). Weighting waste with value
stream analysis tools by selecting the two highest tools, namely process activity mapping and quality filler
mapping. The causes of activities and accuracy are caused by human errors in the production process
using the Systematic Human Error Reduction and Prediction method. Five activities are obtained in a
critical state. The results of field implementation showed improvement with a decrease in time from
2384.2 minutes to 2247.4 minutes the value of Process cycle efficiency with the improvement 0f 4.9185%.

Keywords: Defect, Value Streaming Mapping, Ishikawa Diagram, SHER PA.
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1.INTRODUCTION

Companies must be more competitive to survive and compete in facing competitors, so it is necessary to
implement the right business strategy to stay and face the competition that occurs. Manufacturing
products company in producing high-quality products is one of the advantages and guarantees
consumers of products produced by the company (Kristianto and Tarigan, 2019). Lean Manufacturing
application is to identify and reduce waste. Lean Manufacturing is used to identify and eliminate waste
through continuous improvement. Using a pull system approach to understand better customer needs
and the level of the company's inventory count is getting smaller (Abu et al. 2019). Kusbiantoro and
Nursanti (2019) with the use of Value Stream Mapping (VSM) and Value Stream Analysis Tools (VSAT)
state that an enormous waste is found in inventories in the form of raw materials, semi-finished goods
and in finished products. Changes made to the production process system increased efficiency by
17.19% and decreased waste by 8.31%. Sinambela (2019) identifies waste in PVC pipe companies with
a value stream mapping of 316.17 minutes and the total non-value-added time in 7418.73 minutes. The
waste that occurs is defective products, excessive production, waiting time that causes bottlenecks,
redundant processes in the form of activities setup extrude machine that requires a long time. Lean
Manufacturing provides added value for companies when adequately implemented through the VSM
and VALSAT methods (Lukmandono, etal. 2019; Zahraetal., 2013).

Inventory waste ranks first (19.23%), followed by defect waste (18.16%) and overproduction (16.58%),
after changes in the layout of activities can reduce waste (Turseno, 2018). Lean Manufacturing with the
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Single Minutes Exchange of Dies (SMED) tool applied to curing workstations can reduce internal setup
time by 127.47 minutes and external setup time by 3.06 minutes. Setup activities reduced in several
ways. There are converting activities classified as internal set up activities such as green tire setup,
preheat mould, and tool-taking activities reduced by 63.70 minutes (Kasanah et al., 2018). Reduction of
waste occurs at each workstation and impacts increasing productivity and reducing production costs
caused by debris during production (Dagmar and Tarigan, 2021). The implementation of the value
stream mapping that was carried out resulted in a reduction in waste at each workstation. The total waste
reduction occurred of 66.97 tons/year or 18.6% in waste gel and 88.8 tons/year or 19.3% in waste
powder (Ravizar & Rosihin, 2018).

Many factors cause wasteful activities or processes in the industry. One of them is an error caused by a
system error or human error. System errors are usually caused by the system controlling the process, and
if they are corrected, the error will not appear again. Workers can be informed about the correct
procedure and have understood the procedure stan-dard (Oliveira et al. 2018). However, due to the
intricate work system, there is often inconsistency in work. It is mean known as human error. Human
error can be a problem in several matters relating to work safety, work effectiveness, operation, time,
economic losses, and others. No one can act more than once with the same precision. Every error action
taken by someone is a possibility for an error to occur. The results of research by Rochmoeljati and
Firmansyah (2019) using lean Manufacturing show that the waste that occurs in the edamame
production process with a total waiting time of 7.5. Suharjo (2019) using the Waste Relationship Matrix
(WRM) and Waste Assessment Questionnaire (WAQ) methods in the manual production process and
found that the cooling process is one of the techniques where a lot of waste is still located. Operator
errors can cause losses to the company due to the many defects in the production process so that rework
must be done, and the company cannot reach the specified production target. The data of recapitulation
turning productionin 2019, (Table 1).

Table 1 shows the amount of production with a defect that exceeds the standard tolerance set by the
company, is 5%. The product defects that occur in the production process require completion, namely
the lean manufacturing approach, which functions to reduce defect waste with value streaming mapping
(VSM). Lean Manufacturing method can be used in identifying waste (Fercoq et al. 2016) and form
factors. The production process cause can be carried out using the Systematic human error reduction and
prediction method to predict human error by analyzing and identifying potential solutions to mistakes
made during the production process.

Table 1. Recapitulation of Total Production Turning Year 2019

Month Amount of Defects

i production size bent Split Leather knots dead knots
January 53,000 2.770 543 1.260 1.112 412 560
February 52,500 1,223 120 1,523 670 225 1.250
March 56.000 956 1,017 1,345 1.325 1,110 125
Aprnil 53.000 1,135 430 780 1.775 2,056 430
May 53.000 780 2215 547 320 1,125 560
hune 53.000 1,050 2,754 1,110 1,112 430 1,225
Tuly 53.600 580 1.453 1,110 1.050 320 320
August 54.000 1,017 2,112 2,050 320 438 045
September 52,500 1,549 987 1,235 716 345 1,250
October 53.000 670 1.400 2,112 715 556 1.756
November 53.000 1.678 1.070 1,015 540 540 1.011
December 53.500 1,135 430 2.780 1,775 2,056 430
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Based on the results of a review of previous research conducted, the authors found several research gaps
in the study. Research gap in the first research there is no use of lean Manufacturing with the SHERPA
(Systematic Human error Reduction and Prediction) method in eliminating waste defects
simultaneously (Mandal et al. 2015), the second application of lean Manufacturing is used to identify
waste in activities that have no added value as compared to the SHERPA method to identify activities
that cause human error. Third, to the knowledge of the researcher, there is no research that eliminates the
waste of defect waste by improving the human error. Based on the results of previous research, this study
uses a solution in minimizing defects and the factors that cause human errors that occur in the turning
production process, to increase profits for the company. For this reason, an analysis of the application of
Lean Manufacturing and the SHERPA method is carried out to reduce defects. The research focuses on
one company in the Manufacturing of turning wood processing.

2.LITERATURE REVIEW

2.1.Lean Manufacturing

Lean manufacturing process is a production system that uses very little energy and wastes to fulfill what
consumers want (Singh et al. 2018, Kasanah et al. 2018). The analytical method used to identify waste is
to use the waste assessment model method. The advantage of this model is the simplicity of the matrix
and questionnaires that cover many things and are able to contribute to achieving accurate results in
identifying the root causes of waste. The calculation of the linkages between wastes is carried out by
discussing with the company and distributing questionnaires using weighting criteria. Through this
elimination of waste, lean shows its capabilities that can be applied in a business without increasing the
number of workers, capital equipment, without affecting existing businesses and without hiring reliable
resources. Value stream mapping (VSM) is a tool for identifying value-added and non-value-added
activities, which consists of 2 activities, namely the current state map and the future state map
(Dadashnejad and Valmohammadi, 2018). The current state map is a product value stream configuration
using specific icons and terminology to identify waste and areas for improvement or improvement,
while for the Future state map is a blueprint for the desired lean transformation in the future and provides
benefits to the company. Value Stream Mapping is a definite tool as a first step in making a change
process to achieve lean manufacturing conditions (Huang et al. 2019). Value stream mapping (VSM)isa
tool for identifying value added and non-value-added activities in the manufacturing industry, making it
easier to find root causes in the process. The purpose of VSM is to identify the production process so that
materials and information can run without interruption, increase productivity, and assist in system
implementtation. Therefore, VSM helps in finding waste in the production process (Steur et al. 2016).

2.2. Value Stream Analysis Tools (VALSAT)

Value Stream Analysis Tools (VALSAT) are tools used to facilitate understanding of existing value
streams and make it easier to improve the waste contained in the value stream (Zahraee et al. 2020).
VALSAT is an approach used by weighting waste, and then from that weighting, tools are selected using
amatrix (Folinas and Ngosa, 2013). Selection of a detailed mapping tool that matches the type of waste
that occurs in the production process.

2.3. Cause and Effect

Diagram A cause and effect diagram is often called a Fishbone Diagram or Ishikawa Diagram is a
graphical tool used to help identify, sort, and show the causes of a problem (Simanova and Gejdos,
2015). The cause-and-effect diagram is one of the tools used to determine and link the factors that are the
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potential causes of a problem (Abu et al. 2019). This diagram is the only tool that uses verbal (non-
numerical) or qualitative data (Dagmar and Tarigan, 2021).

2.4.Systematic Human Error Reduction and Prediction Approach (SHERPA)

Human error is defined as a failure to complete a specific task or job (or take actions that are not
permitted) that can interfere with operating schedules or result in damage to objects and equipment
(Mandal et al. 2015). Human errors can be classified into many categories, such as errors or errors made
by operators. One of the causes of their occurrence is a dirty environment, complex tasks, lack of proper
procedures, operator ignorance and poor operator selection and training. Maintenance errors occur in
the field due to negligence by maintenance operators. Some examples of maintenance errors are faulty
maintenance, incorrectly calibrated equipment, and incorrect repairs to correct equipment points.
Assembly errors are the result of human error during product assembly. Some of the causes for assembly
errors are low lighting, wrong blueprints and other misleading materials, poorly designed work layouts,
and imperfect communication information. Installation errors occur for various reasons, including
failure to install equipment or items according to manufacturer specifications and incorrect installation
instructions and blueprints. Design errors are the result of inadequate design. Some of the causes for this
are the failure to ensure the effectiveness of person-machine interactions to implement human needs in
the design and assigning functions that are not suitable for humans. Inspection errors are the result of
less than 100% accuracy of the inspection personnel. One typical example of inspec-tion error is
accepting and rejecting intolerant and intolerant components and items, respectively. Mishandling
occurs due to improper transportation or storage facilities. A method used to identify the mistakes
related to human expertise or habits with the SHERPA method. Namely: The Hierarchical Task Analysis
(HTA) step, job classification, human error identification, consequence analysis, ordinal error
probability assessment, critical level analysis and making strategies for fixing errors (Naweed et al.
2018). HTA is one of the methods used in the task analysis process. HTA is the method most often used
because of'its very detailed, easy, and straightforward application.

3.RESEARCHMETHOD

The research method is a step used to solve a defect waste problem in the turning production. The
technique of collecting data by conducting observations in the field and collecting data through
measurements is called field research. The second stage, the researchers conducted interviews and
distributed questionnaires to workers in the company. Data collection stages are carried out by making
value-streaming mapping regarding information flow, physical flow, activity time, and distance in each
production process. The data obtained is then used to describe the mapping of Current State Value
Stream Mapping or the initial state of the entire activity from the current state in the production process.
The depiction of current state value stream mapping then created a questionnaire with the attributes used
to be distributed to parties related to employees, supervisors, and managers production.

The selection of Value Stream Analysis Tools (VALSAT) is made by multiplying the average weight
value of each waste from the waste identification questionnaire results with the VALSAT value for each
type of waste (Zahraee et al. 2020). The tools can add value in the Process Activity Mapping (PAM)
(Singh and Singh, 2020), and the Supply chain response matrix. The selected tools can categorize
activities in the production process: value-added activities (VA), which are essential in the production
process, non-value added (NVA). It is not added value and can be eliminated if needed, and activities
that are not added value but are required in the production process or necessary non-value added
(NNVA). The action that causes the most waste is then analyzed the causes of the problem to be repaired.
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The most dominant factor driving the waste defect comes from operator error or human error such as
negligence in checking the oven process's moisture content, which causes dry and split turning results.
The next stage is human error analysis. This stage is carried out because of the waste of defects, mostly
by the operator. The worklist is compiled in the Hierarchical task analysis (HTA) table, then classified
according to the error type of action, checking and selection (Mandal et al. 2015; Naweed et al. 2018).
Work data is collected according to the kind of error. The error identification after which an analysis of
human consequences of the error occurs. Ordinal error assessment is carried out to see operator errors,
including medium, low or high types, to obtain a critical level of the mistake analyzed. After that, a
strategy made to reduce the errors in the form of recommendations for improvement.

4. RESULTS AND DISCUSSION

4.1 Current State Value Stream Mapping

An initial stage in understanding the physical flow and information in the turning production process.
The turning process for the formation of motifs is with a turning machine. The wood before being turned
is sorted whether there are defects such as holes, if there are defects, then it is put in the putty process.
The refinement process using a sanding machine aims to smooth the wood and make it easier for the
painting process to be satisfactory. Refining is done on good quality wood or wood that has been putty
and then refined. This process takes 0.05 minutes. The painting process takes 0.035 minutes. The
method of painting the dry product is then carried out by packaging the product on a unique pallet and
wrapped in plastic so that when it is stored (Firmansyah and Lukmandono, 2020), and the next step is
sent to the warehouse for storage before sending to the customer Figure 1.
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Figure 1. Current State Value Stream Mapping

4.2 Identification and Weighting of Waste

The waste identification process is carried out by distributing questionnaires to the production section
regarding the relationship between the seven wastes to obtain waste weight. Here are the stages in waste
identification with a seven-waste relationship, a waste relationship matrix and a waste assessment
questionnaire (Table 1).
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Table 1. Summary of the results of WAM, WRM and WAQ

Description O I D M T P W
Score Yj 1.133 1235 | 1.146 | 1.0548 1.070 1.045 0.980
Factor Pj 211450 | 155.063 |378.260/176.208] 155.063 148.798 | 180.907

Result 239728 191.565 (433.539|185.870 165937 155429 | 177435
Result % 15471 12363 [27979] 11995 10.709 10.030 11451
Rank 2 3 1 4 6 7 5

From table 1, the recapitulation of waste results obtained the highest level of waste in the defect (D) with
apercentage of 27,979%. Followed by overproduction (O) of 15,471%, inventory of 12,363 %, motion
(M) 11,995%, waiting (W) 11,451%, transportation (T) of 10,709% and process (P) of 10,030. After
knowing that the most dominant weighting is, then the mapping is carried out accurately using VALSAT.
The selection of detailed mapping is carried out to further identify the location of waste in the value
stream. Value stream Analysis Tools are a tool used to map waste by multiplying the waste weighting
result from the WAQ with the scale in the VALSAT. Process activity mapping to score as many as 478
218 then Quality Filter mapping (QFM) is in second place with a score 0f277,316.

4.3. Process Activity Mapping (PAM).

Process Activity Mapping is an approach that can be used for activities on the production floor. The
following is the recapitulation of the turning production process activities with process mapping tools
which can be seen in Table 3.

Table 3. Results of Process Mapping Tools Recapitulation

Activities Number of activities Time (minutes) Percentage
Operation 12 201714 95973
Transport 12 190.8 0.907
Inspection 9 193 4 0.920
Storage . 240 1.141
Delay 3 222 1.056
Total 38 210176 100
VA 20 204158 97.136
NNVA 12 294 1.398
NVA 6 30738 1.464
Total 38 210176 100

4.5. Quality Filter Mapping (QFM)

Quality Filter Mapping is a tool used to identify defects or defects in the supply chain wherein the
turning production process has six types of defects. The product's highest defect was the type of split
defect with a percentage of 22.55%, the kind of defect in size that was not following the percentage of
19.45% and the type of bent defect 19.43%. The following is a Pareto diagram of Product defects which
canbe seen in Figure 2.
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Figure 2. Pareto Diagram of Product Disability Turning

4.6. Cause and Effect Diagram

The diagram is used to analyze the factors causing the problem so that corrective action can be taken
(Simanové and Gejdos, 2015). The following is a cause-and-effect diagram of turning product defects
(Figures 3,4 and ).
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Figure 3. Cause and Effect Diagram of Split Defects
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Figure 4. Cause and Effect Diagram for Size Defects

The cause-and-effect diagram of a split defect in the turning production process shows that defects occur
because workers are not focused, resulting in less cleaning of the machine room. Anticipate that mistake
will not happen repeatedly; it is necessary to carry out consistent supervision. Figure 4 above shows the
defect size is not suitable in the turning production process due to workers' inaccuracy in inserting wood
into the machine.
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Figure 5. Cause and Effect Diagram for Bend Defects

4.7. Human Error Prediction Using by SHERPA

Method SHERPA is used to identify errors related to human expertise or habits. First, to identify a
human error, create an HTA in the form of a chart of the tuning production process. The results from the
HTA provide a code (!) to indicate the critical level, the turning product is likely to have many defects
and require reprocessing (Table 4). The next stage of the strategic plan is drawn up as actions that must
be taken to correct errors or minimize human errors. The action is adjusted according to the
consequences, the critical level and the value of the probability of error.

The whole strategic plan can be concluded that there is a need for standard checklist forms for machine
checking, SHS training such as personal protective equipment during production and training to
improve the skills needed have an operator. After obtaining the improvements that will be carried out, it
is not sure to reduce the waste defect, cycle time and lead time in each process. The next step is to use
PAM analysis tools again. Recapitulation of PAM results which can be seen in table 5.

Table 4. Strategic Plan for Turning Production Process

Probability _ ., .
i Critical . .
Code Consequences of ordinal N Strategic plan
error
1.1 Fmngers punchired uneven wood swface M - Implementing Safety and health system
(SHS) on PPE (personal protective
equipment)
1.2 Product quality decreases L - Doing repefition to select wood to be
more careful
2.1 Workers are hit by wood which can cause M - Give a warming not always to apply
mpury Safety and health system (SHS)
2.2 Quality of wood that is easy to eat L - Operators must carefully mix according
to procedure
2.3 Eyes can be splashed with liquid and M - Use PPE (personal protective equipment)
interfere with concentration
3.1 Woodpiles fall from the forklift | - Pick up limited according to capacity
32 Workers' hands are mjured, or fingers M - Apply Safety and health system (SHS)
scratched by wood on PPE (personal protective equipment)
3 Eyes are exposed to dust L - UseofPPE
3.4 Bums leather or workers are cold M - Routine of checks
3.5 Wood becomes stringy causing the H I Make a checklist form for routine
quality to decrease mspection
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3.6 There are parts of the wood that have not M - Operator training and loading checklist
dried causing dark wood colour forms
4.1 Workers are crushed by wood causing M - Applying SHS with PPE
mjury
42 Products are not suitable E - Repetition of the process according to
size
4.3 Side surfaces are different / not match the M - The operator must carefully
size of
4.4  Product size does not equal L - Create a form checklist routine checking
5.1 length of the product not to order M - training on operator
52  timber quality declining L - perform repetition to select wood to be
more careful
5.3 cutting out of size causes defects H ! loggers must be careful to
5.4 fall and repeat the work M - limit the extraction of wood / according
to the capacity of
5.5 when the woodhuning is broken or H ! The operator must be careful
deformed
6.1 logs fall from the forldift M - limit taking to capacity
6.2 fingers hit by cutting machines/accidents M - increase awareness when processing is
carried out
6.3 products become defective H ! camy out routine checks for the
replacement of the chisel
6.4 wood is crushed on the leg causing injury L - useof PPE
6.5 repetition time M - motivation training for operators
6.5 product results are nixed between defects L - The operator must be careful
and good
6.6 product quality decreases L - repeating to choose wood more carefully
7.1 The product falls from the forklift lutting L - limiting take to capacity
the leg causing injury
7.2 feet of falling wood L - applies SHS with PPE
7.3 drilling depth is not suitable M - The operator must be careful
7.4 process time to M - improve operator
restart skills
a1 fingers prickedon I - applies SHS with
uneven wood FFPE
surfaces
8.2 some defectz are I - The operator
notcovered musthe careful
83 taty products I - The operator
are ot suitable should be careful
a1 padinjuriesa L - increase
back awareness when
doingposes
Table 5. Recabitulation of PAM Results
Activities Number of activities Time (minutes) | percentage
Operation 13 19514 86.829%
Transport 8 90 4.005%
Inspection 6 26 4.272%
Storage 2 110 4.895%
Delay 0 0
Total 29 22474 100
International Journal of Future Generation Communication and Networking (Volume- 16, Issue - 03, Sep - Dec 2023) Page No - 163




Type of activity Number of activities Time (minutes) | Percentage
VA 15 19264 85.717%
NNVA 14 321 14.283%
NVA 0 0 0
Total 29 22474 100

Table 5 shows the number of activities in the turning production process as many as 29 activity with a
total time of 2247.4 minutes. In the type of activity, the value-added value is omitted because it has no
value-added

5.FUTURE STATE STREAM MAPPING

Future state stream mapping is described after the mapping of current value stream mapping and
identification of waste. This mapping depiction shows the parts that need improvement so that the
turning production system conditions are improved. The following is an improvement in the mapping's
turning production process, which can be seen in Figure 6. Next, compare the Current Value Stream
Mapping Figure 1 and Future State Stream Mapping Figure 6. The comparison results are shown in
Table 6.

Saimcnon Trearmant K Dy mowang Crush cur Tivming
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Figure 6. Future State Stream Mapping
Results Table 6 shows changes in the increase in results PCE calculation with an improvement of

4,918% (136.8 minutes). Improvement was obtained by comparing the PCE before the improvement
was 80.799% (2384.2 minutes) and after the improvement was 85.717% (2247.4 minutes)
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Table 6. Comparison of PAM Results

Indicator Current (minutes) Future (minutes) Improvement (Ininutes)
VA 1926 .4 19264 -
NNVA 333 321 12
NVA 1248 0 1248
Total 23842 2247 4 136.8
Process cycle 80.799% 85.717% 4.918%
efficiency (PCE)
6. CONCLUSIONS

Data analysis identified waste from current steam mapping by distributing questionnaires to production
employees regarding the relationship between the seven wastes to obtain weight. Waste that has been
recognized with a seven-waste relationship between the seven wastes to obtain weight. Waste that has
been recognized with a seven-waste relationship, waste relationship matrix and waste assessment
questionnaire. The waste brought with the highest waste is: The highest level of waste is in defects (D)
with a percentage of 27,979%. Followed by waste in overproduction (O) of 15,471%, inventory (I) of
12,363%, motion (M) of 11,995%, waiting for (W) of 11,451%, transportation (T) of 10,709% and
process (P) of 10,030. The weighting of waste by selecting tools: Value stream Analysis Tools to be an
obtained process activity mapping and obtained quality filter mapping. The results are 34 activities (13
operations, 12 transportation, six inspections, two storage and one delay) with the type of activity value-
added 80.789%, necessary non-value-added 13,967%, and non-value added 5,234%. The comparison
result of the current value stream mapping value is 80.799% (2384.2 minutes), and future state stream
mapping is 85.717% (2247.4 minutes). The comparison shows the value of Process cycle efficiency
with an improvement of 4.9185% (136.8 minutes). This study contributes to manufacturing companies
in the turning production process in increasing value-added.
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