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Editorial Message
Technology has made great advances in development of society and economy of countries over the
years. The economic development is not only in the monetary value form but also in the form of
information economy, the digital economy and the knowledge based economy. Technology comprises of
soft technology and hard technology. Soft technologies derive knowledge from social science and
traditional knowledge and aimed at solving various practical problems. Hard technology is operable
knowledge system that is derived from natural sciences. In order to promote research in this specific
area of technology, there is a need to integrate the research works in these relevant fields so as to
contribute to the development of society in right direction. We are making sincere attempt to start an
International Journal of Frontiers in Technology to meet the requirements.
This first inaugural issue comprises of seven research papers that include contributions from researchers
belonging to both hard and soft technologies and also covers interdisciplinary research. The first paper
deals about the controller design for pole assignment with constraint aimed to contribute to the field of
interdisciplinary research such as: Chemical Engineering, Electrical Engineering and Biology. Second
and sixth papers in this category are related to bio gas production and fabrication of Nano aluminium
silicon composites respectively which are based on experimental studies. Research papers based on
computation studies include frequency stability analysis and comparative study of two lobe pressure
dam bearing which contribute to the fields of Electrical and Mechanical Engineering respectively. A
new and innovative technique has been discussed for soil stabilization for improvement of its properties.
Similarly, for android applications, forensic models have been developed and analyzed by the authors in
the paper related to computer science applications. Design and experimentation of wide brand is
discussed in the last paper which is upcoming field in the area of Electronics and Communications.
We hope that the research papers and this inaugural issue of the International Journal of Frontiers in
Technology will contribute and promote the research in the field of technology around the globe.
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Abstract: In this paper, the constant gain controller design
procedure for the assignment of the poles of a linear
multivariable system with output feedback is presented. Inability
to assign all the poles of the system due to limited number of
inputs and outputs is overcome by constraint
aint pole assignment.
The direct method of pole assignment with constraint to locate
unassigned poles in terms of one of the feedback parameter is
presented. Root locus method is used to assign the unknown
poles at satisfactory locations. Simplicity of the design procedure
is illustrated with a numerical example.

1. INTRODUCTION
Most of the biological systems can be modeled as
multivariable system with number of inputs and outputs.
Consider a vegetable plant and its yield depends on moisture
content, temperature and minerals in the soil. For the stability
of the plant, proper control of inputs is essential. Many
researchers have made an attempt to bring the system stable
by pole assignment using output feedback and many results
have been reported on pole assignment [1-3]
3]. It is seen that
only (m+ l -1) poles can be assigned arbitrarily
rbitrarily by full rank
design [2] or two stage design [4] with constant gain output
feedback, where m and l are number of inputs and outputs
respectively. When the state dimension n is greater than (m+ l
-1), the set of unassigned poles can move to undesirable or
even unstable locations. In the papers [4] the pole assignment
with constraint has
as been discussed for a single
single-input, multioutput system (SIMO). In this paper, relevant constraint
equations for the unassigned poles in terms of the feedback
gain vector has been established. When p poles are assigned
arbitrarily at distinct locations for
or a single input system, the p
linear equations containing the elements of the feedback gain
will result in ( l -p)
p) free choice for the feedback vector. The
factors corresponding to the arbitrarily assigned p poles are
removed from the closed loop characteristic polynomial, the
reduced order polynomial has a set of (n-p)
p) unassigned poles
with ( l -p)
p) degrees of freedom which can be utilized to locate
the unassigned poles. The case, p = ( l -1)
1) give oone degree of
freedom which can be used to draw the root locus plot of a set

of unassigned poles. From the root locus plot, the feedback
gain element can be selected for suitable locations of the
unassigned poles. The problem of pole assignment with
constraint is extended to multi--input- multi-out (MIMO)
system. In this case, arbitrary assignment is done for n’ = (m+
l -2) poles using two stage design [4] and the rest of the
unassigned set (n-n’) of poles are selected by the choice of the
feedback matrix.

2. THEORY
If a controllable and observable linear multivariable system
(A, B, C) is taken into consideration and the objective is to
design a constant gain controller, K= K1+K2, in order to assign
all the poles of the system, a maximum of (m+ l -1) poles can
be assigned arbitrarily by two stage design (by two stage
design [4]. In the first stages (m-1)
1) poles are assigned. For the
second stage, the feedback matrix K2 = k2f2T and the vector k2
is determined to preserve the (m-1)
1) poles assigned in the first
stage. Thus, an equivalent single input system (A1, bk, C) is
obtained where bk =Bk2 and A1 =( A-BK
A
1C). The closed loop
characteristic polynomial of the equivalent single input system
is:
H2(s) = (s+ β1 )(s+ β 2 ) . . . . (s+ β m−1 )H2, m-1(s)

(1)

In the above equation, H2(s) is the polynomial of order n and
Hm-1(s) is the polynomial obtained after removing the (m-1)
(m
factor, (s+ β1 )(s+ β 2 ) . . . . (s+ β m−1 ) from H2(s). The reduced
order polynomial H2, m-1(s) of the order n’ = (n-m+1)
(n
is given
by:
H2(s) = (s+ β1 )(s+ β 2 ) . . . . (s+ β m−1 )[ H2,

 w1 ' ( s ) 
 w ' ( s )
 2

 . ]


 . 
 . 


 w l ' ( s ) 

+f2T

m-1(s)

(2)

2
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where w1’(s), w2’(s), . . . . w l (s) are the reduced order
polynomial of C adj (sI-A1)bk
Normally the vector f2T = {f21 . . .

f 2 l } is solved to assign l

poles. If ( l -1) poles are assigned arbitrarily design equation
(2) becomes:
H2(s) = (s+ β1 )(s+ β 2 ) . . .(s+ β m−1 )[ H m+l−2 (s)
W”(s)]

+f2 l
(3)

Equation (3) contains the characteristic polynomial,

f 2 l of the feedback vector is

obtained from

f W " (s)
=0
1+ 2 l
H m −l − 2 ( s )

w2 (s) =c2 adj(sI − A1) = det(sI − A1 + bk c2 ) − det(sI − A1 )

(4)

i =n

i =n

i =1
i=n

i =1
i=n

i =1

i =1

w1 ( s ) = π ( s − λ1i ) − π ( s − λi ) ,
w2 ( s ) = π ( s − λ2i ) − π ( s − λi ) and
i=n

H1(s)= π

i =1

where

( s − λi ) .

λ1i

and

λ2 i

(7)

are eigenvalues of matrix (A1-bkc1) and

(A1-bkc2) respectively and

λi

is the eigen-values of A1.
For the one pole location at s = - β1

{ f11

f12

 ∆1 
1}  ∆ 2  =0
 δ 

(8)

From the root locus plot, the set of unassigned poles can be
suitably located by the choice of the free parameter,

f 2 l .The

constraint pole assignment procedure is illustrated with
multiple input and two output system and a numerical example
in sections 3 and 4 respectively.

Normalizing with respect to ∆1 ,

Where

3. ULTIPLE INPUT-TWO OUTPUT SYSTEM
Consider a multiple input and two output system for the
demonstration of the pole assignment procedure with
constraints. The design equation for the equivalent single input
system in second stage is:

ε2 =

f 22

22

∆2
δ
and ε 3 =
.
∆1
∆1

ε 2 
 . Substituting the value for f1,
ε 3 

H 1 (s) = ( f 2

  w ( s )  ε 2 

1)  1
 −  ε  w1 ( s ) 
H
(
s
)
  3
 0


(10)

For the pole locations, H1(s) = 0, then

 w1 ( s) 
= H1(s) + f2T  w ( s )
 2 

= { f 21

{ f 21

1
1}ε 2  =0 (9)
ε 3 

Hence, f1 = {f2 1} 

H2(s) = H1(s) + f2T C adj (sI-A1) bk

 w1 ( s ) 
1} w2 ( s ) 
 H 1 ( s )

(6)

In terms of eigen-values,

H m+l−2

(s)for the set of n’ unassigned poles and W”(s) is the
numerator transfer function matrix after removing the factor
corresponding to assigned poles. The root locus plot with
respect to the parameter

w1 ( s ) =c1 adj ( sI − A1 ) = det( sI − A1 + bk c1 ) − det( sI − A1 ) and

f2

[ w1 ( s ) − ε 2 w1 ( s )]
.
[ H 0 ( s ) − ε 3 w1 ( s )]

For the root locus construction, 1+

(5)

where numerator transfer function vector of equivalent single
input system w1(s) and w2(s) are equal to c1adj(sI-A1)bk and c2
adj(sI-A1) bk respectively
Using the determinant identify, det (R+ed) = det R+d adj)R)e,
where R is nxn matrix and e is nx1 vector and d is 1xn vector,

(11)

f2

[ w1 ( s ) − ε 2 w1 ( s )]
[ H 0 ( s ) − ε 3 w1 ( s )]

=0 (12)
From the root locus, appropriate poles can be selected in stable
locations and feedback parameters can be determined.

4. NUMERICAL EXAMPLE
Consider a controllable and observable system.
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Selecting f12 = 0.1, from the root locus plot, the roots can be
determined at the locations s = -1.9 +j 6.57 and -1.9 -j 6.57.

1 3 2
1 0 
1 0 0 


A = 0 1 2, B = 2 0, C = 
0 1 0

0 0 1 
1 1 

Hence f11 =

ε 2 f12 + ε 3 =

-3.066. Thus the feedback matrix

− 3.066 0.1
K1 = 
 places the poles of the system at s =
− 3.066 0.1

The eigen-values of the system are at s = 1, 1, 1. System is
unstable. Let the feedback matrix K1 = k1f1T and assuming k1

-2, -1.9 +j 6.57 and -1.9 -j 6.57.

= (1 1) , equivalent single input system can be obtained.
Eigen-values for the matrices for the equation (7) are given in
Table 1.0. Table 1.0 Eigen-values in the second stage

5. CONCLUSIONS

T

λi

λ1i

λ2i

λ3i

λ4i

1

0.884+2.79i

1.73+1.89i

1.0

1.0

1

0.884-2.79i

1.73-1.89i

-1.0+1.0i

1.0+1.41i

1

0.233

-0.457

-1.0-1.0i

1.0-1.41i

For the pole location at s= -2, using equation (8) and (9),

2
∆1 = −9, ∆ 2 = 6, δ = −27 and ε 2 = , ε 3 = 3 . Hence
3
for the construction of the root locus plot, one can use (refer
equation (4))

1+

f 2 (− 2 s − 22)
=0
s 2 + 4 s + 49

(

)

Root locus plot is shown in Figure 1.0.

A numerical stable algorithm for constraint pole assignment
for a multiple input and multiple output system is presented.
Constraint equations are formulated in terms of single
parameter of constant gain output feedback and design
procedure is extended to MIMO system considering an
equivalent single input (or single output) system. The
procedure presented in this paper can be used for any
multivariable systems.
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Abstract: Biogas is produced by using different manure with water,
which is stirred and warmed inside a closed container known as
anaerobic digester (AD). In the present study, monitor via effect of
ambient temperature, global radiation, slurry temperature,
gasholder inside and outside temperature, dig
digester outside
temperature and height of water column for production of biogas
from floating drum AD. The data were recorded hourly in the
different months (February and April). From the results, solar
radiation and ambient temperature affect significantly on the
biogas production. In April, Biogas production was higher due to
moderate conditions.
Keywords: Biogas, global radiation, temperature, Pressure,
Volume.

1. INTRODUCTION

2. MATERIALS AND METHODS
ETHODS
2.1. Materials used
These chemicals were resin; hardener and Araldite were
purchased from local market, Bhopal. Cow-dung
Cow
and kitchen
waste were collected from MANIT Campus.

2.2 Experimental setup
High density polyethylene was used for design of AD with
feed inlet and gas outlet. Total capacity of AD is 1 m3.
Amount of gas was measured through gas meter and
temperature was controlled by thermocouple. Fabricated AD
and slurry preparation were
ere shown in Fig.1 and Fig.2.

The depletion of fossil fuels and increasing of taxes on energy
sources, way to findd another source for energy production.
Per-capita energy consumption is a determinant and pointer of
economical development of any country which shows
economic prosperity and quality of life. Wood is used as
source of fuel for household requirements of 44.3 billion people
in Asia [1].
Advantage of AD is a natural process whereby bacteria
existing in oxygen-free
free environments decompose organic
matter. In anaerobic digestion, organic material is stabilized
and gaseous by products, primarily CH4 and CO2 are released
[2]. Biogas can be produced from locally accessible raw
materials such as recycled organic waste/cow
waste/cow-dung and it is
environmental friendly [3-4].
4]. The biogas produced can be
burnt directly for cooking and space heating, or used as fuel in
internal
rnal combustion engines to generate electricity [5]. In
2047, India approximately 260 million of waste will be
produced and its required huge land area [6].
In the present work, effects of various process parameters on
the production of biogas from floating drum AD in the month
of February and April.
Figure 1: Biogas digester drums

Effect of Process Parameters on Biogas Production from Floating Drum Digester
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Figure 4: Experimental setup of biogas digester

Fig.5 and Fig.6 show inside slurry temperature and pressure
measurement of biogas digester respectively.
Figure 2: Slurry preparation into the biogas digester

SPECIFICATION
Digester Tank – 1 meter3
Gas digester capacity – 380 litre
Height of digester chamber – 47 inch=1.194 meter
Diameter of digester chamber – 43 inch=1.092 meter
Height of gas holder – 25 inch=0.635 meter
Diameter of gas holder – 42 inch=1.067 meter
Pressure gauge – 0 to 50mm of water column=0 to 0.05 meter
of water column
Thermocouple (K type, alumel and chormel) – -180– 1350 oC
Fig.3 shows the Thermocouple setting and Fig.4 shows
experimental setup of biogas digester.

Figure 5: Inside slurry temperature measurement of biogas
digester

Fig.3: Thermocouple setting

Figure 6: Pressure measurement of biogas in floating drum
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Figure 10: Resin bottle
Figure 7: Polyethylene (FRP&HDPE) Drum

Figure 11: FRP cloth

Figure 8: Packets of the Cow dung

Figure 12: PVC Pipe

2.2 Instrument used
Figure 9: Hardener

Solar radiation intensity has been measure by a solar power
meter at floating drum of the biogas digester. Surface

International Journal of Frontiers in Technology
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temperature of gas holder and digester measurements hhave
been done with the help of infrared thermometer and
temperature indicator. Ambient temperature and humidity has
been measure by a thermo-hygro
hygro meter. Water column has
been measure by a U-tube manometer. K-type
type thermocouple
has been used to measure the inside slurry temperature and gas
holder temperature. Spring type weighing machine has been
used to measure the weight (like as kitchen waste, cow dung
etc.).

7

was reached on maximum value during 03 to 04 PM and
lower in morning only. it varies from 20 to 25 oC.

2.3 Methodology
For the first time, feed stock provided was 230 kg cow dung
and equal amount of hot
ot water. The water temperature was
between 44oC. The hot water was used for properly mixing the
cow dung. 15 litre of waste water was mixed with 2 kg of
kitchen waste. The mixture was left for anaerobic digestion for
15-20 days. After the anaerobic digestion
ion was over the various
parameters were measured. The governing parameters such as
global radiation, ambient temperature, humidity, inside
temperature of gas holder, surface temperature of gas holder,
slurry temperature, outside temperature of digester, ppressure
and volume of the gas chamber was measured from morning
to evening. The gas generated could be used for kitchen
purposes.

3. RESULTS AND DISCUSSION
The experimental observations are recorded for pre fabricated
FRP made floating drum biogas digester forr different climatic
conditions in the month of February and April. The Fig.13-18
show the variation of various parameters in the month of
February.

Figure 14:: Variation of Pressure, ambient
temperature with respect to time.

The global radiations also depend on the weather condition of
the day. The highest value of global
globa radiation was recorded as
786 W/m2.Variation of pressure in float drum is plotted with
respect to time of the day and ambient temperature which is
shown in Fig. 14.. The pressure of bio gas inside float drum
depends on the ambient environmental condition and other
various parameters of biogas digester. When global radiation
was maximum then the pressure of the biogas digester was
also maximum. The ambient temperature depends on the
weather of the day. When air flow rate was high then ambient
temperature wass low. In a clear day, during afternoon the
ambient temperature was maximum but during morning and
evening ambient temperature was lower. The maximum and
minimum pressure and ambient temperature were found to be
304 & 206 Pa and 25 & 20 oC respectively.

Figure 13:: Variation of ambient temperature,
global radiation with respect to time

Fig.13 shows the variation of ambient temperature, global
radiation with time of the day. The ambient temperature
depends on the weather condition of the day. This experiment
has been conducted on clear sky day. Ambient temperature

Figure 15:: Variation of Pressure, global radiation
with respect to time

Fig.15 shows the variation of pressure, global radiation with
respect to time of the day. The pressure of the biogas digester
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depends on the global radiation on that day and various
parameters
rameters inside the biogas digester. When global radiation
was maximum then the pressure of the biogas digester was
also maximum. During morning and evening the pressure of
the biogas was lower and during afternoon, usually between
12:00 noon to 01:00 pm, the pressure of the biogas digester
was maximum.

slurry temperature was lower as compared to that of warmer
month of April. During morning and evening the slurry
temperature wass low and during afternoon time the slurry
temperature was high. The slurry temperatures depend on the
global radiation of the day. The maximum and minimum
pressure and slurry temperature were found to be 304 & 206
Pa and 30 & 21 oC respectively.
Fig. 17 shows
hows the variation of pressure with respect to time of
the day. The pressure of the biogas digester depends on the
rate of bio gas generation. When global radiation was
maximum then the pressure of the biogas digester was also
maximum as solar radiation cause
ause for maintaining the
temperature of slurry. The gas pressure inside floating drum
varies from 206 to 304 Pa.

Figure 16:: Variation of Pressure, slurry temperature
with respect to time

The global radiation was maximum during afternoon. During
morning and evening the global radiation was lower. The
global radiationss depend on the weather of the day. The
maximum and minimum pressure and global radiation were
found to be 304 & 206 Pa and 786 & 1 W/m2 respectively.
Fig. 16 shows the variation of pressure, slurry temperature
with respect to time of the day. The pressure
re of the biogas
digester depends on the global radiation on that day and
various parameters inside the biogas digester. When global
radiation was maximum then the pressure of the biogas
digester was also maximum.

Figure 18:: Variation of volume, global radiation
with respect to time

Fig. 18 shows the variation of volume, global radiation with
respect to time of the day. The volume of the biogas also
depends on the global radiation. The volume of the gas was
maximum when the global radiation was maximum. Usually
during morning, the volume of the gas of the biogas was lower
and the volume of the biogas continuously
cont
increases till
afternoon after which it again starts to decrease till evening.
The global radiations depend on the weather of the day.

Figure 17: Variation of Pressure with respect
espect to time

The slurry temperature of the biogas digester varies from
month to month. During the winter month of February the

Figure 19:: Variation of ambient temperature,
global radiation with respect to time
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This graph was plotted for
or hazy and cloudy weather condition.
The maximum and minimum volume and global radiation
were found to be 2433 &1648 in mm3 and 786 & 1 W/m2
respectively. The Fig.19-24 show the variation of various
parameters in the month of April. Fig.19 shows the varia
variation
of ambient temperature, global radiation with respect to time
of the day for the month of April. The ambient temperature
depends on the weather condition. The global radiation was
maximum at 01:00 PM.

9

Fig.21 shows the variation of pressure, global radiation with
respect to time of the day. The trend of variation of pressure of
the biogas is similar with earlier case. During morning and
evening the pressure of the biogas was lower and during
afternoon, usually between 12:00 noon to 01:00 pm, the
pressure of the biogas digester was maximum. The maximum
and minimum value of gas pressure inside floating drum and
global radiation were found to be 323 & 225 Pa and 830 & 54
W/m2 respectively.

The global radiations also depend on the weather ccondition. It
was clear sky condition on experimental day. The range of
ambient temperature and global radiation were found to be 37
to 28 oC and 830 to 54 W/m2 respectively.

Figure 22:: Variation of Pressure, slurry temperature with respect
to time

Figure 20:: Variation of Pressure, ambient temperature with
respect to time

Fig.20 shows the variation of gas pressure in floating drum
with ambient temperature and time of the day. The gas
pressure increases with increases in ambient temperature. The
maximum and minimum values of gas pressure were found to
be 323 & 225 Pa respectively.

Figure 21:: Variation of Pressure, global radiation
with respect to time

Fig.22 shows the variation of pressure, slurry temperature
with time of the day. The slurry temperature of the biogas
bioga
digester varies from month to month. During the winter month
of February the slurry temperature was lower as compared to
that of warmer month of April. During morning and evening
the slurry temperature was low and during afternoon time the
slurry temperature
ature was high. The slurry temperatures depend
on the global radiation and ambient temperature of the day.
The maximum and minimum pressure and slurry temperature
were found to be 323 & 225 Pa and 50 & 23oC respectively.

Figure 23:: Variation of Pressure with respect to time
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Fig. 23 shows the variation of pressure with respect to time of
the day. Similar tendency in the value of gas pressure with
time was observed like in the month of February. The
maximum and minimum values of pressure was found to be
323 & 225 Pa respectively.

Figure 24:: Variation of volume, global radiation
with respect to time

Fig. 24 shows the variation of volume, global radiation with
respect to time of the day. The volume of the biogas also
depends on the global radiation. The volumee of the gas was
maximum when the global radiation was maximum. Usually
during morning, the volume of the gas of the biogas was lower
and the volume of the biogas continuously increases till
afternoon after which it again starts to decrease till evening.
The
he maximum and minimum volume and global radiation
were found to be 2590 &1805 in mm3 and 830 & 54 W/m2
respectively.

•

In the month of April, the maximum and minimum slurry
temperature was found to be 50 & 23oC respectively.

•

In the month of February, the maximum and minimum
global radiation was found to be 786 & 1 W/m2
respectively.

•

In the month of April, the global radiation was
comparatively high. The maximum and minimum global
radiation was
as found to be 830 & 54 W/m2 respectively.

•

In month of February, the ambient temperature increased
from 10:00 am to a maximum value of 25 oC. The
maximum and minimum ambient temperature was found
to be 25 & 20 oC.

•

In month of April, the maximum rise in ambient
amb
temperature was up to 37 oC. The maximum and
minimum ambient temperature was found to be 37 & 28
o
C.

•

In the month of February, the maximum and minimum
pressure was found to be 304 & 206 Pa respectively.

•

In the month of February, the maximum and minimum
volume was found to be 2433 &1648 mm3.

•

In the month of April, the maximum and minimum
pressure was found to be 323 &225 Pa respectively.

•

In the month of April, the maximum and minimum
volume was found to be 2590 &1805 mm3.

From above points, it can be concluded that there are much
more favourable conditions for sustaining mesophilic and
thermophilic bacteria during the month of April as compare to
February in Bhopal (India) location. Hence bio gas production
is more in April month.

REFERENCES

4. CONCLUSIONS
The slurry temperature inside the digester is one among
important factor for appropriate production of biogas as
mesophilic andd thermophilic bacteria sustain in the range of
30-45oC and 45-52oC respectively. The slurry temperature
inside the biogas digester varies significantly with ambient
conditions.
The following conclusions were drawn on successful
completion of the experimentation
ntation on biogas production in
pre-fabricated FRP floating drum digester:

•

In the month of February, the maximum and minimum
slurry temperature was found to be 30 & 21 oC
respectively.

[1] Rajendran K, Aslanzadeh S. (2012) Taherzadeh MJ, Household
biogas Digesters. Energies, 5(8), 2911-2942,
2911
2012.
[2] Balasubramaniyam U, Zisengwe LS, Meriggi N, Eric B. (2008)
Biogas Production in climates with long cold winters.
Wageningen.
[3] Suresh S. (2013) Conversion
ersion of MANIT Campus waste into
biogas. In: International Conference On Global Scenario In
Environment And Energy, Lecture series 2. p. 1-36.
1
[4] www.wisegeek.com/what-is-a-biogas
biogas-digester.htm
[5] www.simgas.com/advantages-of-biogas/how
biogas/how-does-biogaswork/item46
[6] Bansal
ansal AK, Kapoor S, Kaushlendra MA. (2013) The road to
zero waste: Anaerobic digestor. International Journal of
Environmental Sciences, 3(5), 0976 – 4402.

International Journal of Frontiers in Technology
Print ISSN:……………; Online ISSN: …………… Volume 1, Number 1 (September 2014)

IJFT Vol. 1 No.1, 11-16, 2014
MANIT Bhopal

www.manit.ac.in

A Comparative Study of Performance of Two-Lobe
Two
Pressure Dam Bearing with Plain Two
Two-Lobe
Lobe Bearing:
Micropolar Lubricated
Sanyam Sharma1, C. M. Krishna2
1,2

Department of Mechanical Engineering, Maulana Azad National Institute of Technol
Technology,
ogy, Bhopal, 462051
2

Corresponding author E.mail: chimatamk@gmail.com

Abstract: Two lobe pressure bearings (TLPDB) assumed
importance in recent years as they have wide application in the
industry. It is important to study the characteristics of these
bearings and a comparision with two lobe bearing (TLB) is useful
for industrialists. With this objective, in this paper, the
characteristics of TLPDB are compared with TLB for the effect
of dam parameters and characteristics, such as, length on the
static and dynamic cases of TLPDB. The modified Reynolds
equation is solved using Finite Element Method for studying the
static and dynamic
amic characteristics of these bearings.
Computation of characteristics of TLPDB have been taken up for
a selected dam parameters and then they are compared with
plain bearing characteristics. In the case of TLPDB, higher
threshold stability is achieved.

capacity will be achieved at higher Reynolds
Reynold number. Chetti
studied the dynamic characteristics of four-lobe
four
bearing[9]. He
evaluated the critical mass and whirl ratio for various values
of coupling number and characteristics length and found that
whirl ratio decreases while critical mass increases with
increase in coupling number. Significant research work [10]
has not been reported which deals with micropolar lubrication
of two lobe bearing with pressure dam. In this paper, an
attempt is made to compare the static and dynamic
characteristics of two
o lobe pressure dam bearing (TLPDB)
with two lobe bearing (TLB).

Keywords: micropolar, characteristic length, coupling number,
dam location, TLPDB, TLB.

Performance analysis of such bearing is obtained by adding
the individual lobe performance evaluated separately. The
upper lobe is provided with pressure dam and lower lobe with
relief track. Lobe eccentricity ratios and various angles for the
bearings are calculated using following expressions.

1. INTRODUCTION
Now a days, high speed rotating machines are facing the
stability problem and use of reliable bearing is at most
important. For good stability in high speedd machines, use of
two lobe pressure dam bearing is taking over conventional
bearings. Many researchers worked in this direction on various
lobed pressure dam bearing; two lobe pressure dam bearing
[1], three lobe pressure dam bearing [2], four lobe pressu
pressure
dam bearing [3], inverted three lobe pressure dam bearing [4];
using the Newtonian fluid. They revealed that there was an
improvement in stability of pressure dam bearing over plain
lobed bearing.
Few authors followed the Eringens theory [5] of micropol
micropolar
lubrication and modified the Newonian fluid with micropolar
in their respective work. Das et al., reported higher load
capacity of circular bearing [6].Rahamatabadiand Rashidi
analyzed non circular bearings with micropolar fluid [7]
[7].
Theyfound that micropolar
opolar lubrication could produce
significant increase in the static performance characteristics.
Das and Guha conducted experiments with circular bearing
with turbulent effect [8]. They suggested that higher load

2. ANALYSIS

ε 12 = ε 2 + δ v 2 + 2εδ v cosφ

(1)

ε 2 2 = ε 2 + δ v 2 − 2εδ v cosφ

(2)

Figure.1 Schematic diagram of two lobe pressure dam bearing
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ε sin φ 
180 / π
 ε cos φ + δ v 

φ1 = tan −1 

(3)



ε sin φ 
180 / π
 ε cosφ − δ v 

φ 2 = tan −1 

(4)

elements. Finite element equations are obtained by generating
the elements matrices assembled to get global force matrix.
Thus, Fluid film pressures are computed at nodal points by
applying Reynolds’ boundary conditions as given in Eq. (7)
Pressure boundary conditions are applied

P (θ , Z ) = 0 at, θ = 0 θ 2

(7)

P (θ , Z ) = 0 at z = ± 1

(8)

∂p
(θ , z ) = 0 at θ = θ 2
∂θ

(9)

2.1 Modified Reynolds equation
Based on the [6] work, the modified Reynolds equation under
usual assumption is as follows:
∂ h
∂p 
∂ h
∂p 
∂h
(Λ , N , h)
(Λ , N , h )

+

 = 6U
∂x  µ
∂x  ∂z  µ
∂z 
∂x
3

3

(5)

3. PERFORMANCE CHARACTERISTICS
Where,

3.1 Load capacity
NΛ
Λ
 Nh 
− 6
coth 

h
h2
 2Λ 
2

φ ( Λ , N , h ) = 1 + 12

 χ 
N = 

 2µ + χ 

1

2

,

 γ 
Λ = 

 4µ 

1

The load components are given by the expression:

,µ = µ + 1γ
v

2

Wv =

e

∫∫ p

e

cos θdθdz

(8)

e

∫∫ p

e

sin θdθdz

(9)

2

Linear and angular momentum equations are coupled by a
parameter N 2 ,called the coupling, number, another parameter
Λ is called characteristics length of the micro polar fluid, and
represents the interaction between the micro polar fluid. χ and
γ are the spin viscosity and the material coefficient,
respectively for the micro polar fluid. N 2 and Λ are the two
important parameters of a micro polar fluid. As Λ becomes
zero Eq. (5) reduces for Newtonian fluid. Following
dimensionless quantities are used:

Wh =

3.2 Fluid film stiffness coefficients
Fluid film stiffness coefficients are calculated using following
equations:

K ij =

∂Wi
, (i=x, y),
∂s j

(10)

Where, i represents the direction of force.

lm=

c
x
h
,θ =
, h =
,
Λ
R
cm

2

p=

pc m
µUR

sj =

The generalized form of the Reynolds equation for micropolar
fluids is given below:
∂ ψ (Λ, N, h) ∂p   R  ∂ ψ (Λ, N, h) ∂p ∂h
=

 +  . 
∂θ 
µ
∂θ   L  ∂z 
µ
∂z  ∂θ
2

(6)

Where,

φ (Λ, N , h ) = h 3 + 12

 Nh lm 
Nh

coth
lm
 2 

=

xj , yj )
3.3 Fluid film damping coefficients

C ij =
Where

∂W i
, (i=x, y),
∂ s& j

s& j

(11)

is the velocity component of the journal center

2

h
lm

Direction of journal center displacement ( s j

2

−6

( s& j

= xj , yj )

2.2 Computational procedure

3.4 Stability Parameters

In order to analyze the cases with TLPDB and TLB, a
MATLAB code is developed and equation (6) is solved by
finite element method. The domain is discretized into finite

By using the four fluid film stiffness and four damping
coefficients, stability parameters such as whirl frequency,
critical mass and threshold speed are elevated. When the

International Journal of Frontiers in Technology
Print ISSN:……………; Online ISSN: …………… Volume 1, Number 1 (September 2014)

A Comparative Study of Performance of Two-Lobe Pressure Dam Bearing with Plain Two-Lobe Bearing: Micropolar Lubricated
13
natural frequency of journal system reaches the damped
frequency of whirl, instability arises.
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4. RESULTS AND DISCUSSION
Static and dynamic characteristics of two lobe pressure dam
bearing (TLPDB) and plain two-lobe bearing (TLB) are
analyzed, compared and discussed in Fig.1-13. The aspect
ratio (L/D) considered for all the cases discussed here is 1.6
and dam location for TLPDB is chosen 900, while other
parameters are held constant as given below:

D w = 0 .40 , D d = 0 .25 , L t = 0 .25 , N

2

= 0 . 9 , lm = 10

, ε = 0 . 2 , ζ = 0 . 30

It is evident from Figure 2 that lower value of load is
sufficient for bearing with dam over bearing without dam.
From figure, it is also clear that the the load value decreases as
the material characteristic length increases, irrespective of
presence of dam. Similarly, figure 3 compares the attitude
angle for TLPDB with TLB. The presence of pressure dam in
TLB results in lower value in attitude angle. A dip in attitude
angle may be observed for both TLPDB and TLB. As the
attitude angle should be minimum for hydrodynamic stability
of lobed bearing, the results are in good agreement with [7].
Variation of Kxx with lm is shown in figure 4. Stiffness Kxx for
two lobe pressure dam takes a highest value for characteristic
length value of five and remains almost constant for rest of the
values of characteristic length. However for two lobe without
dam, Kxx decreases with increase in lm and remains almost
constant for higher material length. Presence of pressure dam
in two lobe with out dam results in lower value of the stiffness
Kxx. Variation of Kxy with lm is shown in figure 5. Stiffness
Kxy for two lobe with dam and two lobe without dam initially
increases quickly at smaller value of lm and then increases
gradually with increase in lm. Initially, Kxy is higher for TLB
for lower material length while Kxy is found to be higher for
two lobe with dam for higher material length. Kxy decreases as
characteristics length lm increases for both two lobe with dam
and TLB.
Stiffness Kyx is found to be lower for TLPDB as shown in
figure 6. Principle stiffness Kyy is depicted in figure 7. Kyy
decreases with increase in characteristics length lm for both
TLPDB and TLB. Value of stiffness Kyy converges to the
same value for both TLPDB and TLB as lm tends to infinite.
Stiffness Kyy is higher for TLPDB as compared with TLB.
Figure 8 clearly shows that damping coefficient Cxx for both
TLPDB and TLB decreases as characteristics length lm
increases, irrespective of existance of dam in bearing.
Damping coefficient Cxx decreases as the pressure dam is
incorporated in TLB. Similar results are found in the case of
cross coupling damping coefficient Cxy and Cyx from figure 9.
Their values are do not change significantly for both Cxy and
Cyx. The values of damping coefficients Cxy and Cyx for two
lobe with dam are again lower fro TLB when compared with

two lobe with dam. The comparison of damping coefficient
Cyy of both two lobe with dam and two lobe without dam with
characteristics length lm is shown in figure 11. It is evident
from the figure that Cyy decreases as characteristics length lm
increases for bearings with dam and without dam respectively.
However, damping coefficient Cyy is found to be lower for
TLPDB. It means by providing a pressure dam, the damping
in two lobe bearing decreases significantly.
Damped frequency of whirl is compared in figure 12. While
comparing the frequency of two lobe with dam and TLB, it is
observed that damped frequency is reduced by the
incorporation of pressure dam in TLB. For the stability of
bearing frequency should be of minimum value. Further, it is
observed that for TLPDB and TLB, a particular material
length exists, for which this frequency is found to be of
minimum value (say lm=5). Stability parameter critical mass
Mc decreases as lm increases as shown in figure 13,
irrespective of bearing variant. For TLPDB, critical mass Mc is
found higher for lower values of lm (up to lm=10). Beyond
lm=10, the critical mass is found lower as compared with TLB.
It is clear from figure 14 that threshold stability of speed
increases for increase in characteristic legnth for TLPDB at a
rapid rate when it is compared with speed of TLB. Thre exists
a particular material length for optimum speed.

5. CONCLUSIONS
In this paper the characteristics of two lobe pressure dam
bearing were studied. The threshold speed of two lobe
pressure dam bearing is found to be greater than the
corresponding speed of two lobe bearing without dam.
Incorporation of pressure dam results in decrease of Damped
frequency of whirl. For low values of characteristic lengths,
two lobe pressure dam bearing can hold higher critical mass as
compared with a two lobe bearing, without dam. Attitude
angle and load capacity of two lobe pressure dam bearing is
lower than two lobe bearing.

NOMENCLATURE
C
radial clearance
Cm
minor clearance
R
radius of journal
D
journal diameter
h
film thickness

h

non-dimensional film thickness
fluid film pressure

p
p

non-dimensional film pressure
velocity of journal
angular speed of journal
eccentricity ratio

U

ω
ε

ε1 , ε 2

lobe eccentricity ratio, e1/c,

e2/c
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dam width, Relief track width

D w , Lt Dw /L, Lt /L

Dd

dam depth

Dd /c
Dd
DA Dam angle in degree (location)

δv

δv =

dv
c

L

bearing axial length

φ

attitude angle of the bearing

φ1 , φ2 angles
X, Y, Z Cartesian coordinate axis
Wh ,Wv non dimensional load components
µ
viscosity of the Newtonian fluid
µv
viscosity of the base fluid
lm non dimensional characteristics
length
N2 coupling number
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Abstract: Soil stabilization, in the broadest sense, is the process of
alteration of any inherent property of a soil to improve its
engineering performance. At present there are many stabilizers
available in the market for soil stabilization. Polymer
stabilization is also a new and innovative technique for the
improvement of soil properties. In this study
udy the effect of
polymer stabilizer on the engineering properties of black cotton
soil is analyzed. For this, an extensive laboratory test program
was conducted to analyze the variation in the engineering
properties of soil by changing the amount of polym
polymer stabilizer in
the soil. The laboratory tests include Atterberg Limit Test,
Specific Gravity Test, Differential Free Swell Index Test,
Compaction Test, Unconfined Compressive Strength Test. The
addition of polymer stabilizer showed significant improvemen
improvement in
the index properties as well as the engineering properties of soil.
Considerable enhancement was observed in Unconfined
Compressive Strength.
Keywords: soil stabilization, polymer stabilization, unconfined
compressive strength.

1. INTRODUCTION
Soil stabilization
ilization is a process by which soil may be improved
and made more stable for engineering purpose. It includes
treatments used to improve the strength of soil by reducing its
susceptibility to the influence of water or traffic
traffic-irrespective
of whether the process
rocess is performed in situ or applied to the
material before or after it is placed in the roadway or
embankment. The stabilized road material must offer
sustained resistance to deformation under repeated loads in
both wet and dry conditions. Traditional stabilizers
tabilizers such as
cement lime, fly ash, and bituminous products have been
intensely researched, and their fundamental stabilization
mechanisms have been identified. Nontraditional soil
stabilization additives consist of polymer stabilizers, bio
bioenzymes, ionic
onic stabilizers etc. These additives are diverse in
their composition. Unfortunately, relatively little is known
about their interaction with geotechnical materials or their
elementary stabilization mechanisms [1].
The polymer stabilizer has emerged as an effective and
economical measure for the stabilization of soil as compared
to traditional stabilizer. An attempt has been made in this
study in order to elaborate its effect on some of the
engineering properties of soil sample. In addition to cement,

the polymer was also mixed into soil in specific proportion.
For treating with polymer stabilizer, black cotton soil from
MANIT campus which is available in Bhopal region.
Considerable improvement was resulted in engineering
properties of black cotton soil when
whe it was treated with
polymer and cement stabilizer.

2. LITERATURE REVIEW
The use of soil additives such as lime, cements and polymer
stabilizer have been started during second world war for the
construction of the temporary pavement for the movement of
tanks, trucks and other vehicle. Lambe [2] studied a similar
material, calcium
um acrylate, as a potential soil stabilizer. The
calcium acrylate theoretically exchanges ions with the soil as
well as crosslink other polymers of calcium acrylate together.
Lambe [2] found that the addition of calcium acrylate
significantly increased the compressive strength of soil sample
[2]. Rao-Espinosa
Espinosa et al. [3] conducted a three-year
three
study at
construction sites using Polyacrylamide for controlling soil
erosion. In their study they found that Polyacrylamide
provided a 60-97%
97% reduction in sediment runoff
ru
for the
duration of one month between applications [3]. Santoni et al.
[4] conducted unconfined compression tests on silty-sand
silty
stabilized with acids, enzymes, polymers, lignosulfonates, tree
resins, and petroleum emulsions.
The polymer additives gained
ned significant strength with time
over their 28-day
day curing duration. Polymer amended
specimens had an average of 57% increase in strength in the
dry test condition, and 221% in the wet test condition relative
to untreated soil [4]. Santoni et al. [5] conducted
cond
a test
program with 6 polymers added to silty sand with an
accelerated curing duration. From the six polymers tested, four
polymers showed significant improvement in unconfined
compressive strength especially when used in conjunction
with cement. The results gave much better seven day strength
and also considerable increase in final strength was observed.
From this investigation, he concluded that the polymer
stabilizer performs much better when used with cement [5].
William [6] studied the effect of polymer application on soil in
three different application purposes i.e. agricultural,
construction and military applications. Polyacrylamide (PAM)
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eliminates sediment in runoff water by more than 90% when
added to irrigation water at the rate of 10 ppm. In the
construction application, the reduction in sediment runoff was
60-85% during heavy rains. In military application, dust
clouds were minimized during helicopter operation [6].
Srinath et al. [7] had tried to evaluate the potential of polymer
binders to stabilize pavement sub grades. In his study he found
that incorporation of a stabilized subgrade layer decreases the
rutting in the subgrade, effectively transferring the
deformation to the upper pavement structure. This allows the
foundation of the pavement structure to remain intact for
longer time and could reduce major repair work of the
roadway for many years [7].

3.
4.

5.

3. EXPERIMENTAL TESTING PROGRAM
In order to evaluate engineering properties of polymer treated
soil, extensive laboratory test program was conducted. The
objective of this test program was to determine the effect of
polymer and cement on engineering properties of black cotton
soil. Other than this, the results obtained are compared for
polymer modified soil and the untreated natural soil.

6.
7.

8.

3.1. Material:

Plastic limit %
Liquid limit %
Shrinkage limit %
Plasticity index
Differential Free Swell (%)
Standard
Proctor
Compaction
properties
Maximum Dry unit weight,
g/cc
Optimum Moisture content
%
Modified
Proctor
Compaction Test
Maximum Dry unit weight,
g/cc
Optimum Moisture content
%
California Bearing Ratio %
Unconfined
Compressive
Strength 612
Indian
Standard
classification

soil

28
54
25
26
35

1.61
24

1.69
19
2.62

(KPa)
CH

3.1.1 Soil sample:
Black cotton soil is available naturally in Madhya Pradesh
(M.P), coastal regions of India and in some interior part of
Gujarat, is used for testing. The black cotton soil, which is
available in M.P, is highly expansive and cohesive in nature.
With change in moisture content, such soil exhibits high
shrinkage and swelling characteristics. Hence, it is important
to find ways to stabilize the black cotton soil before it is used
for any engineering application. Thus, the black cotton soil
which is available in MANIT, Bhopal campus is selected and
used in present study for treating with polymer based
stabilizer.

3.1.3 Polymer stabilizer:
The polymer stabilizer, used for the study was Renolith WS
(Fig.1). The renolith comprises of hydrated calcium chloride
and acrylic copolymer latex. It is the patented product of an
Australian firm. According to manufacturer when Renolith is
mixed into the soil with cement, an exothermic reaction occurs
between the cement and Renolith. This reaction changes
certain characteristics of the cement to create a high tensile
strength mixture, which binds the aggregates and fines in situ,
eliminating voids between the aggregate components and fines
[8].

3.1.2 Characteristics of Black Cotton Soil
The black cotton soil contains high amount of
Montmorillonite which render its high degree of
expansiveness on wetting and shrinkage on drying. This
property results in cracks in the soil and these cracks may
sometimes extend to severe limit to the extent 12” deep and
½” wide. This may result in occurrence of severe damage in
any structure such as pavement and building founded on such
soil with the change of atmospheric conditions. Hence, it is
highly recommended to stabilize such soil before the
construction of any structure on it.
Table-1: Basic properties of untreated soil sample

S.no.
1
2

Tests
Specific gravity
Atterberg limits

Values
2.40
Figure-1: Polymer stabilizer (Renolith WS) with measuring flask.
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3.1.4 Cement:
The soil sample is also treated with cement in addition with
polymer stabilizer. For this purpose Portland Pozzolona
Cement (PPC) is used which is normally available in market.
The cement was mixed into the soil sample in dry condition.
According to manufacturer the optimum quantity of cement
for black cotton soil is 6%, hence the cement used in this study
was 6% by weight of soil. The properties of cement used are
given in Table-3.3.

calculated by subtracting the plastic limit from liquid limit.
The plasticity index is indicates the plastic characteristics of
any soil. The test was conducted on the soil sample treated
with cement and polymer stabilizer after 24 hours. This delay
was provided to give sufficient time for completing the
stabilizing reaction.

Table-2: Basic properties of cement.

S. No.

Property

Value

1

Average Specific Gravity

3.1

2

Initial Setting Time

27 min

3

Final Setting Time

558 min

4

Fineness: Passing 90µ sieve

96%

3.2 Laboratory Tests:

1.

Scanning Electron Microscope.

2.

Unconfined Compressive Strength Test.

3.

Liquid Limit and Plastic Limit.

4.

Differential Free Swell.

4. RESULT AND ANALYSIS
The variation in the geotechnical properties of soil for 6%
cement and various constituents of polymer stabilizer is
illustrated with the help of figures in this section.

Figure-2: Variation of liquid limit with 6% cement and different
contents of polymer stabilizer.

In Figures 2 and 3, for 6% cement and various constituents of
polymer, The variation of liquid limit and plasticity index is
illustrated.

PLASTICITY INDEX for 6%
Renolith 0%
2%
CEMENT Renolith
Renolith 4%
Renolith 6%
15

Renolith 8%

13.5

11.6

PLASTICITY INDEX

In order to determine geotechnical properties of treated and
untreated selected soil, laboratory tests were conducted.
Manufacturers recommend the content of cement mixed into
the soil was 6% by weight of soil [8]. Of course, the content of
polymer can be varied from 0%, 2%, 4%, 6% and 8% by
weight of cement. Care has been taken to conduct all the
laboratory tests as per relevant IS Code with some
modification. Following tests were performed on both treated
and untreated sample in the laboratory for each of the selected
combination:

10.5

10

12
11

5

4.1. Atterberg Limit Test
The Atterberg Limit Test includes Liquid Limit Test and
Plastic Limit Test. The plasticity properties of the soils are
important factors to correlate the shrink-swell potential of the
soils from dry, semisolid, plastic and finally to liquid states.
The Plastic Limit Test and Liquid Limit test were conducted
as per IS 2720: Part 5: 1985 [11]. Plasticity Index was

0
RENOLITH (% by weight of cement)
Figure 3: Variation of Plasticity Index with 6% cement and
different contents of polymer stabilizer.
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4.2. Differential Free Swell Index:
For differential free swell index test, the soil sample is kept in
contact with water for 24 hours in a glass tube. Thus, it is very
quick and easy test to check the amount of swelling. The
purpose of this test is to check the variation in the amount of
swell in the soil sample when it is treated with cement and
polymer stabilizer. For higher doses of constituents,
significant reduction in swelling is observed. In figures 4a and
b, the value of DFS is shown for the soil sample treated with
different proportion of cement and polymer stabilizer.

DIFFERENTIAL FREE SWELL INDEX
Renolith 0%
Renolith 6%

Renolith 2%
Renolith 8%

Renolith 4%

30
Percentage Swelling

25
20
20.14

13.2

10
4.25
7.7
0

day curing period. The soil cement matrix can be seen clearly
in this figure.
The microstructure of soil treated with cement and polymer
with 7 days curing period is shown in Figure-5 (d). This figure
confirms the coating of polymer stabilizer on black cotton soil.
This coating of polymer stabilizer on soil particles creates an
intermolecular bonding between particles and provides
additional shear strength to the treated soil. In addition to
above, it also reduces the effect of harmful chemicals on soil
such as sulphates by creating obstruction in the form of thin
coating around their molecules. This results in higher strength
and reduction in swelling of black cotton soil.

4.4. Unconfined compressive strength test
In order to obtain quantitative value of compressive and
shearing strength of soils in an undrained state, unconfined
compressive strength test is conducted. The UCS test was
conducted as per IS 2720: Part 10: 1991 and IS: 4332: Part V:
1970 [14]. Prior to the test, specimens were prepared for
untreated and treated soil sample at varying percentage of
renolith and cement content. The specimens prepared were
packed in plastic bags and kept in desiccators as shown in
Figure- 6 and Figure 7 for 1 day and 7day curing period as
specified in IS Code [15].

RENOLITH (% by weight of cement)

Figure 4: Variation in Differential Free Swell Index with 6%
cement and different contents of polymer stabilizer.

a

b

c

d

4.3. Scanning Electron Microscope:
A scanning electron microscope (SEM) is a type of electron
microscope that produces images of a sample by scanning it
with a focused beam of electrons. The SEM analysis was
performed on the samples in MSME department, MANIT.
Four samples were selected for the analysis. First sample was
untreated black cotton soil; the second sample contains
Portland cement, in the third sample black cotton soil was
mixed with 4% cement and in the last sample black cotton soil
was treated with 4% cement and 4% polymer stabilizer.
The texture of an untreated soil consisted of many sheet-like
particles can be observed from figure 5a. It is evident that
these flaky and plate-like particles are Montmorillonite and
Kiolinite. These Soils that have flaky shape are likely to have
high compressibility. The texture of Ordinary Portland
Cement that was used in this study is shown in Fig. 5(b).
Shapes of cement particle were found to be angular with nonuniformed shapes. The surfaces can be observed to be rough
with sharp corners. The distribution of grain size of cement
was measured and it is within a range of 5-20µm. Fig. 5 (c)
shows the microstructure of soil treated with cement after 7

Figure 5: SEM Image of (a) untreated soil, (b) cement powder,
(c)soil treated with4% cement, (d) soil treated with 4% cement
and 4% renolith.
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The soil sample treated with cement and polymer stabilizer
was cured for 1 day and 7 day. The purpose of providing 7 day
curing period was to give sufficient time for the stabilization
mechanism. The considerable improvement in the 7 day
strength as compared to 1 day strength was observed for the
soil sample having same content of cement and polymer
stabilizer. After the specified curing period specimens were
placed on the compression testing platform and tested
according to IS 2720: Part 10: 1991 [14]. The Unconfined
Compressive Strength of soil sample treated with combination
of 6% cement and 0 to 8 % polymer stabilizer having for 1 day
and 7 day curing period is shown in Figure-8 and Figure-9.

CEM EN T 6%
1 DA Y

Figure 6: Specimen packed in polythene covers

140 0
120 0
991
100 0
)a
P 800
K
(
S
C 600
U
400

1325
1238

1041

835

200
0
0
2
4
6
8
REN O L ITH (% by w e ight of ce m e nt)
Figure 9: Variation in UCS for the soil treated with 6% cement
and 0 to 8% polymer stabilizer for 7 day curing.
Figure 7: Specimen kept in desiccators after
packing in polythene covers.

CEMENT
6%
7 DAY
2000
1684

172 3

1544
1402

1500
)a
P
K
( 1000
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5. CONCLUSION
The polymer addition showed considerable improvement in
unconfined compressive strength as well as in swelling
characteristics for the soil sample treated with cement and
polymer stabilizer. Following conclusions were made on the
basis of results obtained from the tests conducted on treated
soil sample.

1145

0
0
2
4
6
8
RENOLITH (% by we ight of cement)
Figure 8: Variation in UCS for the soil treated with 6% cement
and 0 to 8% polymer stabilizer for 1 day curing.

1.

Continuous decrease in the liquid limit is observed with
increase in polymer dosage. The liquid limit of untreated
soil was 54, which on treatment with 6% cement and
different variations of polymer stabilizer is decreased to
40.

2.

There was a considerable decrease in plasticity index of
the polymer treated soil. The plasticity index of
untreated black cotton soil sample was 26, while
plasticity index of black cotton soil treated with polymer
varied from 23.4 to 8.5.
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3.

The DFS for the untreated soil is 37.5%. While with
increase in the dosage of polymer stabilizer, it decreased
up to 4.25%, which shows that the polymer is highly
effective in reducing the swelling characteristics of black
cotton soil.

4.

Results of scanning electron microscope clearly
identifies the coating on the soil particles, this confirms
that polymer stabilizer provides an additional strength to
the soil sample by coating over the soil particles and
forming soil-polymer matrix.

5.

The unconfined compression test was conducted on soil
specimens that were cured for 1day and 7 day. The peak
strength of soil specimens ranged from 612 KPa for
untreated soil to 1723 KPa for treated soil. The strength
increased considerably by about 3 times the strength of
untreated soil. The treated soil sample showed much
higher 7 day compressive strength as compared to 1 day.
It is expected to be much higher improvement in the
strength for higher curing period.
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Abstract: Having a clear view of background processes that
occurred in an android device is a mind-hunting
hunting task for forensic
investigator. In normal scenario, whenever a new android
application runs on mobile devices, it creates a Linux process and
all components of the application will be associated with the
process. This process may be associated to another android
application by the developer. The components of the other
included applications might be executed either in foreground or
background. Through these background processes attacker may
launch illegal activities with one legal activity. In order to
classifying these activities, investigators are being compelled to
construct chain of evidences and make investigative decisions.
Log files are the important source of evidence gathering
subjected to android devices. This paper proposed a model to
gather evidences from the android device and construct a chain
of evidences for activity classification. The proposed model is
helpful to forensic examiners; digital investigators and decision
makers to make effective and investigative decisions for
classifying activities.

Log file records the relevant information related to the
activities running on android device. Information like opened
URL, searched keywords, dialed phone numbers, generated
intents and accessed content providers logs are available in log
files. Gathering and analyzing the log files of the incident will
facilitate the process of forensics analysis and helps in event
reconstruction.
This research aims to find out the patterns in log files in order
to gather evidences and to further classify the activities of
android devices on the basis of gathered evidences. In this
paper a model has been proposed to generate association rules
with the help of a decision tree.

2. LITERATURE SURVEY

Support,

Mobile forensics has emerged as a new era in the field of
digital forensics. This section provides an overview of the
work related to the field of android forensics.

In today era android devices are gaining huge popularity and
becoming a subject of interest among the forensics
investigators. With the increase in popularity of android
device, attacks on android operating system are also increasing
at an alarming rate. This results in monetary as well as nonmonetary losses to the user.

Andriotis et al. [2] proposed a detailed plan for forensic
investigation of potential crimes committed through the
wireless and Bluetooth facilities in android Smartphone.
Retrieve the evidences like file sends through Bluetooth, MAC
address, total bytes sent, etc from Main Log File, Event Log
File and database files. As database files are not accessible in
normal circumstances, so there is a need to root the android
mobile. Finally new rooting procedures and monitor unlocking
techniques have been proposed as the future scope.

Every android device comes with a preloaded browser which
may be a main source of attack vector. It may possess
vulnerability that can be exploited by attacker to harm the
other installed applications. The vulnerability of android
default dialer can be exploited via browser, SMS or QR code
in order to perform attacks on the android mobile. [1]

Anglano [3] presents the forensic analysis by correlating the
multiple artifacts left on Android devices by WhatsApp.
Reconstruct the list of contacts and the chronology of the
messages through correlating the contents of chat database
with the log file entries. Analysis of WhatsApp Messenger for
other smartphone platforms is left for future researchers.

Activities performed on the android devices leave traces
behind it. In this context, android forensics plays a vital role in
order to examine the android devices. Information that may be
useful for forensic expert may be gathered through analyzing
the log files, internal memory and extracting data from
physical memory.

Research presented by Grover et al. [4] introduced a prototype
model DroidWatch to gather events from the android mobile
and transfer the gathered logs to the server for further
investigation. It is a user monitoring system that gathers data
set such as SMS, MMS, contacts, browser search, and third
party application logs from mobile device. The gathered data
set is identified on the basis of application component used.

Keywords: Log File, Evidences,
Confidence, Association Rule.

Decision
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Kasrt et al. [5] detects correlation of evidences with real world
events, required detection of clock skew and timestamp
normalization. Present a possible future work to create tools
that can perform timestamp normalization based on the Time
Zone Database.
Barmpatsaloua et al. [6] provides a comprehensive overview
of mobile device forensics, through presenting a detailed
assessment of the actions and methodologies taken throughout
the last seven years. Finally observed that android devices
continuously adopting the new methods and standards. Due to
this the complete view of mobile forensic is a continuously
evolving area and a great challenge for the researchers.

of the mobile device. USSD code may exploit the
vulnerability of android’s default dialer [1]. Dialer executes
the code coming from any application running in android
without prior conformation from user.
Android application like android browser, SMS and QR code
reader can pass a USSD code to the dialer application with the
help of Uniform Resource Identifier that identifies abstract or
physical resources. Then a vulnerable dialer executes the
USSD code directly without prompting it to the user. This
flaw of the device can be exploited by attackers to perform
remote attacks.

Casey [7] focuses on the concept of empowering the forensic
examiner. Suggest investigator to focus on the unique and
interesting aspects of their work, enabling them to be decision
makers rather than tool runners, and ultimately increase the
quality of service to customers.

3. ATTACKS ON ANDROID
In this section android attacks have been classified into three
categories. The first type of the attack category is injection
attacks. These attacks occurred due to improper validation of
the input data. If application does not handle the input
properly then attacks like SQL injection, XSS, Unstructured
Supplementary Service Data (USSD) are possible.
Second types of attacks are those that occurred due to the
improper configuration of applications running in android.
Like privilege escalation attacks [8], this occurs when
unprivileged application access the resources of the system
with the help of privileged application. Developers must
incorporate restriction on the use of components with the help
of permissions.
Third category includes attacks that occur due to the malicious
applications. These applications can misguide the user to
install them into the android devices in order to perform
malicious activities. A Gaming application named Finger
Hockey [9] steals user information and sends it to the server
thus violating privacy law.
This work mainly focuses on evidence gathering of input
injection attacks. One such kind of attack is USSD attack that
occurs due to the malicious code provided to the dialer
application. These compromised inputs can harm the android
devices in disgusting way. For example if a malicious site that
contains some unwanted code is accessed from the android
device can harm the user.
USSD codes are the code set provided by service provider.
These code offers functionalities to android users like check
the IMEI number, LCD test menu, data usages status etc. For
instance USSD code “*#06#” used to check the IMEI number

Fig. 1. HTML Code for the Dialer

The dialer flaw could be exploited to harm the user i.e. it can
remotely wipe user data, Lock the SIM card etc. One of the
codes that can be embedded in any web site to view the IMEI
number of mobile is shown in Fig. 1.
When this code is executed by default browser of android
mobile it invokes the dialer; causing IMEI number of the
mobile to be displayed. Instead of this code, if some other
code is contained in the website like “*2767*3855#” to
factory reset the mobile cause all data is wipe out. The
evidences of such kind of attacks may be obtained from the
event log file of android device.

4. LOG FILES IN ANDROID DEVICE
Log files are the excellent source of information to determine
the health of the system. Log file is a collection of multiple log
entries, where each entry represents the occurrence of the
event [10]. Android device have four types of log file to
maintain information about the system.
•

Radio log file:
Radio log file contains entries related to the mobile and
radio related events such as signal strength.

•

System log file:
This log file contains entries related to the low level
system messages and debugs messages.

•

Main log file:
Main log file contains entries related to the application
launched in android device.
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•

Event log file:
It contains entries about the running application, system
watchdogs, activity manager state and so on.

These event related information may be useful for forensic
analysis of android. Each log entry contains various attributes
in it, where each attribute has a specific meaning. Main
attributes of log entry is described in Table 1.
The proper correlation of log file is helpful to built chain of
evidence in order to reconstruct the event, to analyze the
behavior and flow of activities. Single entry of Event log file
is depicted in Fig. 2.
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Here 12:43:33:757 is the time of the event occurrence in
hh:mm:ss:sss format. 04-01 is the date of the occurred event in
mm: dd format. 1468 represent a unique ID for process that
generates the message. Tag am_proc_start indicates that the
application process has been started in the mobile device.
After that log_message describes information regarding
generated process i.e. PID, UID, Process Name, Type,
Component respectively. As in the case with input injection
attacks, traces of the specific codes are available in event log
file. This research determines the chain of evidences from the
log file to categorize the activities.

Table 1: Attributes of a Log Entry

Sr. No

Attribute

Interpretation

Sample

1.

Time

Time of event occurrence

12:43:33:757

2.

Date

Date of the event occurrence

04-01

3.

Process ID

Unique Identification Number of Process

1468

4.

Tag

System component that originates the message

am_proc_start

5.

Log_Message

Metadata information

2703,10073, com.android.browser, activity,
com.android.browser/.BrowserActivity

12:43:33:757 04-01 1468 am_proc_start : 2703,10073,
com.android.browser,activity,com.android.browser/.Bro
wserActivity
Fig. 2. Sample Log Entry

5.

FRAMEWORK MODEL

A model has been proposed to gather the evidences and
classify the behaviour of activities related to the USSD attack.
The proposed model is presented in Fig. 3.

which log has been saved. Each log file has approximately
1500 entries. From these log file we have generated a raw data
set of 19500 entries.

B. Pre-Processing
Retrieved logs are then pre-processed in order to acquire the
entries related to browser_page_loaded (BL), pause activity
(PA) and new intent for dialer (NI). These entries represent the
loading of the web page in browser, occurrence of pause
activity and new intent for dialer respectively. These entries
represent the loading of the web page in browser, occurrence
of pause activity and new intent for dialer respectively.

A. Extraction of Log Files
For forensic examination firstly USSD attack has been
launched 400 times randomly into 13 android devices of
Samsung Company. Then log files of all 13 android devices
are extracted through the ADB technique. Commands of ADB
to retrieve the log files from android device are asAdb shell logcat –v threadtime –b events > eventlog.txt
Adb shell logcat –v threadtime –b main > eventlog.txt
Here option ‘–v threadtime’ has been used to retrieve logs in a
particular format, option ‘-b events’ has been used to provide
the type of log file and eventlog.txt is the name of the file in

Probability to occur browser_page_loaded with respect to
pause activity and dialer intent within the subsequent 10
entries of log file has been evaluated through calculating the
support and confidence. It is clearly deduced that the
subsequent 10 entries of the browser load activities provide
the sufficient information about the USSD attack. Therefore
entries related to the browser_page_loaded and 10 subsequent
entries have been considered as standard and have been used
to construct the model data set. Finally a model data set of
5100 log entries has been achieved. Pre-processed log is then
stored into the MYSQL database in which SQL queries are
applied to retrieve the required information for further process.
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suspicious activity (SAct), normal activity (NAct) and priority
interrupt activity (PIAct). Malicious web page sends the
unwanted code to dialer due to this browser_page_loaded,
pause_activity and new intent of dialer occured sequentially
and the activity has been considered as malicious activity. If
only pause activity and new intent of dialer occurs then it may
be possible that another application tries to access the dialer
which is considered as a case of suspicious activity. Activity is
considered as priority interrupt if only pause_activity occurs.
These classifications have been justified through developing
the decision Tree.
D. Induction of Decision Tree

C. Analysis

In this module Decision Tree has been generated from the
training data set by applying the decision tree concept of
Borgelt [11]. Each node in this tree is represented as the value
of attribute. Here the attributes are browser page loaded (BL),
pause activity (PA) and new intent for dialer(NI). Further the
decision tree has been split into two parts on the basis of
attribute value. Each part either describes the final decision or
represents an attribute that require further classification.

In this module patterns have been analysed on the basis of the
entries related to the browser_page_loaded,, pause_activity.
Then a training data set has been constructed which is
presented in Table 2. Training set contains 3 attributes namely
PA, NI, BL and 4 classes namely malicious activity (MAct),

Initially information gain of all attributes has been calculated
to construct the Decision Tree. Attributes having the highest
Information Gain is assigned as splitting attribute.
Construction of decision tree involves the following steps
[12]:

Fig. 3. Framework Model

Table 2: Training Data Set

Transactions
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13

PA

NI

BL

Decision

Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
No
No
No

Yes
Yes
Yes
No/Yes
No
No/Yes
No/Yes
No
Yes
Yes
No/Yes
No/Yes
No/Yes

Yes
Yes
No
Yes/No
No/Yes
Yes/No
Yes/No
No/Yes
Yes
No
Yes/No
Yes/No
Yes/No

MAct
MAct
SAct
NAct
PIAct
NAct
NAct
PIAct
MAct
SAct
NAct
NAct
NAct

Step 1: Calculate the amount of information tto determine the
class of a tuple in the database. Formula to calculate the
amount of information is:
 

∑ P log2P 

……

(3)

WherePi
= Probability of attribute which belongs to class Ci
D
= Database having m data samples
n
= Represents values of decision level attribute which is
4
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The expected information needed to classify a tuple in
Database (D) is calculated through the equation (3)
 ,  ,  ,   3,2,6,2
2
3
3
2
2
6
6
2
2
 




 
13
13 13
13 13
13 13
13
1.883
Step 2: Next calculate the entropy of each attribute that will
be used to classify the database D in m different partitions.
!"#$%&' 

()
∑*
+, (

∗ info1D+ 3 …..
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E. Extraction of Association Rule
Rules can be extracted from the developed decision tree.
These rules can be used to classify the activities in android
devices. Rules generated from the decision tree are:
1.

If pause activity performed ^ dialer is invoked ^ page is
loaded in browser then it shows malicious condition.
If PA^NI^BLMAct

2.

If pause activity performed ^ new intent of dialer is
invoked ^ browser activity is not performed then some
suspicious activity.
If PA^NI^¬BLSAct

3.

If pause activity is not performed then normal user
interaction i.e. normal situation.
situation
If ¬PANAct

4.

If pause activity is performed and new intent of dialer is
not invoked then some other process come into priority.
If PA ^ ¬ NIPIAct

(4)

WhereAi = Attribute in the Database (D)
aj
= Distinct values of attribute A i.e. Yes and No
Dj = Contains tuples of database that have outcome aj of
A.
m = Number of distinct values in attribute Ai
First of all calculate the entropy of attribute PA that has two
values (Yes and No).
7
6
!"#$% 45 
∗  ,  ,  ,   >
13
13
∗  ,  ,  ,  
0. 8379
Step 3: Finally Gain of each attribute is calculated through the
following equation:
9:;   !"#$% 45  …..
(5)
Hence the gain of PA is calculated through the equation (5).
9:;45  1.0451
Similarly the Gain (NI) = .9607 and Gain (BL) = .8904
obtained by applying the algorithm. As the gain of the PA is
higher; so the splitting node is PA. The corresponding decision
tree is shown in Fig. 4.

6. EMPIRICAL EVALUATION
In order to empirically evaluate the performance of
classification system 3-fold cross validation technique has
been applied. To strengthen decision making, model data set
has been partitioned into three equal parts of 1700 entries
each. One part at a time has applied as training dataset for
decision tree generation and remaining two parts has applied
as test data set for testing the performance of classifier.
Accuracy of first run has been calculated through the
confusion matrix depicted in Table 3.
?@A;";B;"% ?@A

C_EFG
EFG

92%

∗ 100

Table 3: Confusion matrix for first run

Predicted
Actual
True
False
Total

Positive

Negative

Total

276
013
289

024
097
121

300
110
410

?$@I;;I;"% ?$@I

C_JKL
JKL

Recognition
(%)
92%
88.18%
90.98%

∗ 100

88.18 %
&IIM#:I%
Fig. 4. Decision Tree

?@A

$A
@
> ?$@I
$A > @
$A > @
90.98 %
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Then swap the roles of subsets so that the previous training
data set becomes the test data set and vice versa. The achieved
performance in terms of percent accuracy different run is
90.98, 91.78, 89.55, 89.37, 92.33 and 91.89 respectively.
NB@#: &IIM#:I% &II
&II

T

1
QR'
P
∗ 100 %
O
SR'

90.98 %

'

Where:
CS = Correctly Classified Samples
TS = Total Samples
k
= No of runs

Finally the 90.98% accuracy of the proposed system has been
achieved.

7. CONCLUSION AND FUTURE WORK
In this work attacks on android devices are explored and
classified in to three categories. To gather evidences logs are
extracted from android devices. Decision rules are generated
from the decision tree to classify the activities of the android
device. The captured events may be extremely useful for
device rule base analysis. The main benefit of the proposed
approach is that no super user privileges are required on the
android device and would help in narrowing the investigation.
Future work will contain the detail study of android logs in
order to obtain fingerprint of attacks, activities of users and
behavior of application. The running process can be paused
because of many reasons like user accessing a new
application, another process come into priority. Other android
log files can also be analyzed to retrieve the evidences.
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Abstract: In this study, stir casting method has been used to
fabricate Aluminum alloy matrix nano-Al2O3 composites. A new
technique is used and a volume percent of 1.0 to 4.0 nanoalumina particulates were integrated into the LM4 aluminum
alloy and then cylindrical specimens were casted
ed. After casting,
tests are conducted for different mechanical properties and
analysis of micro-structure of cast samples was done. The microstructural depiction of the composite samples showed grain
refinement of LM4 aluminum alloy matrix, uniform distribution
of reinforcement particulates, and presence of the minimal
porosity. Due to intensification of nano-structured
structured aluminium
oxide dispersion, this might raise the hardness of composite. The
special effects of nano-Al2O3 particles on the mechanical
properties of the composites were investigated
investigated. Based on
experimental results, it was found that the presence of nanoAl2O3 reinforcement led to significant enhancement in hardness,
ultimate tensile strength, yield strength and ductility up to 2.0
volume % of nano Al2O3. This join up of enhancement in UTS
and ductility exhibited by nano-alumina reinforced aluminum
composites was due to homogeneous distribution of
reinforcement and grain refinement of aluminum matrix.
However, the tensile strength and hardness were found to
diminish with increase in reinforcement content beyond 2.0
volume %, because of the clustering of nano alumina particulates
at higher volume percent.
Keywords: Al matrix-Nano Al2O3 Composites, Induction
Furnace, Tensile Test, Die compaction, Microstructure.

1. INTRODUCTION
Nano Composites are a latest group of composite materials,
consisting of nano scale particle used as reinforcement. With
high ceramic particle absorption, the ductility of the MMCs is
reported to deteriorate significantly [1–3]. It is of importance
to use nano-sized ceramic particles to make stronger metal
matrix, while maintaining good ductility, better fatigue
strength and high temperature creep resistance [4, 5]. Several
methods are used for producing metal matrix nano composites,
including powder metallurgy, ultrasonic assisted casting,
mechanical alloying, nano sintering etc. [6, 7 and 8]. A.
Mazahery et. al. reported in their experiment that higher
hardness of the composites could be attributed to the fact that
nano-Al2O3 particles act as obstacles to the motion of

dislocation. The maximum hardness was observed in
composite including 2.5 vol. % of Al2O3 and cast at 800°C
[9]. In another experiment, Ali Mazahery and M.
Ostadshabani have shown that the addition of nano-particles
resulted in significant improvements in both compressive and
tensile flow stress, for which the highest values were obtained
at 2.5 and 1.5 vol. % of nano Al2O3 particles respectively.
The presence of nano particles primarily improved the
ductility of composite at 800°C. However, the elongation
remains rather constant with the addition of nano-particles at
900°C [10]. S. Mula et. al. used ultrasonic assisted casting
method with a chamber vibrating at 35 KHz. The results
showed just about 92% increase in the hardness and about
57% increase in the tensile yield strength in the present nano
composites, as compared to those of the commercially pure
(cp) Al. These improvements in the tensile strength and
hardness were owing to the reinforcement by only 1.4 vol. %
nano-sized alumina dispersions in the Aluminum matrix.
Mechanical
alloying
usually
involves
mechanical
amalgamation of metallic and ceramic powders or different
metallic powders for fabrication. Mixing of nano sized
ceramic particulates is lengthy, energy consuming and uneconomical. In contrast with mechanical alloying, melt
processing which involves the moving of ceramic particles
into melts has some important qualities like better matrix–
particle bonding, easier control of matrix configuration,
simplicity, low cost of processing, and nearer net shape
creation.
However, it is exceptionally difficult to distribute and scatter
nano-scale particulates evenly in molten metal by mechanical
stirring method due to their large surface-to-volume
surface
ratio and
their little wettability in metal melts, which easily encourage
agglomeration and clustering. In the present work, a new
method has been effectively introduced to distribute and
disperse nano particulates into aluminum alloy melts thereby
making the production of high-performance
performance nano-alumina
particles reinforced aluminum matrix composite hopeful.
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2. FABRICATION OF ALUMINIUM ALLOY–NANO

•

Crushing and grinding of above green compacts again
into powder.

•

Weighing 4 samples of above powder mixture by proper
calculation for fabrication of Al alloy- nano
Al2O3composites with 1, 2, 3 and 4 volume % of nano
Al2O3 particles.

•

Melting the weighed amount of aluminum alloy ingot in a
crucible placed in the induction furnace for casting of Al
alloy- 1 volume % of nano alumina particles.

•

Preheat and lubricate the die for casting of samples.

•

When Al comes in molten state the weighed sample of
nano-alumina-aluminum powder mixture was added.

•

The nano alumina particles get uniformly mixed in the
aluminum alloy melt due to self stirring action resulting
by rotation of molted metal at high speed in the induction
furnace. However metal was also stirred with a
mechanical stirrer.

•

After mixing, melt was poured into the die and allowed to
solidify.

•

The sample was ejected by opening the die and reassembled for casting of next sample.

•

This process was repeated for casting of aluminum alloynano alumina composites with 1, 2, 3 and 4 volume % of
nano alumina particles. Four samples were cast with each
composition of Al alloy-nano alumina composites.

ALUMINA COMPOSITES
The choice of suitable process is based on the preferred
variety, quantity and distribution of the reinforcement
particulates or fibers in the matrix alloy with their
applications. By varying the manufacturing process and form
of the reinforcement components, it is likely to obtain
different mechanical properties and micro structural features,
although the similar compositions of the components are
mixed up. In the present work stir casting has been used for
development of the aluminium alloy–nano alumina composite.
The uniform distribution of nano ceramic particles in molten
matrix material is a challenge because of the segregation of
nano particles. Therefore, a special method discussed further
has been followed in the present work for even distribution of
nano alumina particles through the casting.
2.1 Die used for casting
A mild steel die was used for casting of cylindrical specimens
of aluminum matrix nano alumina composites. The die was
made in two half so that after solidification of the specimen, it
can be split into two parts for easier removal of the specimen.
2.2 Raw materials used
Aluminium alloy LM4 and alpha-nano-alumina particles of
grain size 40 nm with 99.5% purity and density of 3.7g/cm3
were used for fabrication of specimens. LM-4 aluminum alloy
has fair machinability, castability and good electrical
conductivity. Castings show enhanced machinability after heat
treatment process. Fluidity of LM-4 aluminum alloy is fairly
high intermediate between aluminium - silicon and aluminium
- copper alloys. Pressure tightness is appropriate for leak proof
castings. Its resistance to hot tearing is of better-quality to that
of most aluminium base casting alloys apart from the
aluminium - silicon alloys.
2.3 Procedure of fabrication of specimens for testing of
properties
The nano particles have been reported to agglomerate or
segregate during mixing in metal matrix because of their very
fine particle size in various research papers. Therefore a novel
two step process consisting of powder compaction and stir die
casting has been used to fabricate the aluminum alloy-nano
Al2O3 composite specimens for testing their properties as
follows:
•

Mixing of nano alumina particles with aluminum metal
powder in the ratio of 1: 2.

•

Ball milling of the above mixture for 2 hours in a
horizontal ball mill.

•

The die compaction of above powder mixture at 200 MPa
pressure on UTM.

Figure 1. Photograph of Al alloy-nano Al2O3 composite
specimens for tensile test

3. TESTING OF PROPERTIES
3.1 Tensile Test
The tensile tests were performed on the Al-nano Al2O3
composite specimens with 1 to 4 vol. % of nano alumina on
universal testing machine with 400 KN capacity. The samples
were prepared having 8 mm gauge diameter and 40 mm gauge
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length. The ultimate tensile strength and percentage elongation
were calculated for all samples. The two samples of each
composition were tested and the average value of readings
taken.

31

•

Increase in dislocation density because of difference in
thermal expansion coefficient of aluminum and alumina
particles.

•

Grain refinement and sub grain production because of
increase in dislocation density.

•

Distribution of alumina particles.

Figure 4. show that the percentage elongation also first
increases up to 2.0 volume percent and then decreases with
increase in reinforcement content.
0.25
Figure 2. Specifications of tensile test specimen

0.2

0.18266

0.190835 0.185365
0.151485

3.2 Compression test
The compression tests were done on universal testing machine
with 400 KN capacity. The specimens were compressed
between 2 flat plates and the maximum failure load was
recorded. The specimens were of 18 mm long with 12 mm
diameter and L/D ratio was 1.5.

0.15
Ultimate
Tensile 0.1
Strength
0.05
(KN/mm2)
0
1
2
3
Volume% nano alumina

3.3 Rockwell hardness test
Rockwell hardness test was done on the polished samples of
Aluminum alloy-nano alumina composite specimen and Bscale was used. A 1/16 inch hardened steel ball was used as
indenter and 100 Kgf load was applied.

4. RESULTS AND DISCUSSIONS
4.1 Tensile Strength
The tensile strength initially found to increase up-to 2.0
volume % of nano-alumina and then it decreases with increase
in volume % of nano alumina particles as shown in Figure 3.
The matrix could flow only with the movement of nano Al2O3
particles or over the particles during plastic deformation.
While Al2O3 content is higher beyond 2.0 volume %, the
matrix gets constraint considerably to the plastic deformation
because of smaller inter-particle distance and thus results in
decrease of flow stress and hence the ultimate tensile strength
(UTS). The improvement in the values of UTS observed in
this experiment up to 2.0 vol. % of nano Al2O3 particles is due
to small particle size, good distribution of the nano- Al2O3
particles, and effective transfer of applied load to the nanoAl2O3 particulates and grain refinement of aluminum matrix.
The decrease in tensile strength of Al alloy – nano Al2O3
composites after 2.0 volume % of nano Al2O3 particles is due
to agglomeration of nano alumina particles at higher
reinforcement content. Clustering of nano particles causes
stress concentration and hence provides sites for crack
initiation which reduces the tensile strength. The strength of
nano composites was influenced by several factors such as

4

Figure 3. Variation of ultimate tensile strength (KN/mm2) of Al
alloy-nano Al2O3 composites with increase in vol. % of nanoalumina particles

7
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Figure 4. Variation of percentage elongation of Al alloy-nano
Al2O3 composites with increase in vol. % of nano-alumina
particles

4.2 Compressive Strength
The compressive strength of Al-nano
nano Al2O3 composite was
found to increase with increase in volume % of nano-alumina
particles as shown in Figure 5. This is due to increase in
elastic modulus with the increase in volume % of nano
alumina particles.
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The higher hardness of the Al-2.0
2.0 volume % nano alumina
composites could be credited to the fact that nano-Al2O3
particles act as obstacles to the movement of dislocations. The
uniform dispersion of nano Al2O3 particles enhances the
hardness, as particles are harder than aluminum alloy, the
material provide their inherent property of hardness to the soft
matrix. However decrease in hardness after 2.0 volume % of
nano alumina is due to agglomeration of nano alumina particle
at higher reinforcement content. The agglomeration reduces
the amount of effective nano particles available which reduces
average hardness of aluminum nano alumina composites.
4.4 Microstructural Analysis

Volume %age of nano alumina

Figure 5. Variation of compressive strength (KN/mm2) of Al
alloy-Nano Al2O3 composites with increase in volume percent of
Nano-alumina

The microstructural examination of Al-alloy nano Al2O3
composite as shown in Figure 7. indicates the proper
distribution of alumina particles in aluminum matrix. No signs
of porosity have been observed in the composite that is why
increasing the overall tensile properties of the composite.

4.3 Hardness
Hardness tests were carried out on a Rockwell hardness tester
in B scale (HRB). For composite materials possessing a soft
metal matrix and a hard reinforcing structure as in the case of
particle reinforced composites, the selection of the region in
the sample to evaluate the hardness data is very critical. In
order to find the average values of hardness, areas
predominant in the soft matrix or the hard reinforcing phase
should be avoided so that the average values of hardness can
be attained from these measurements.
The hardness of the Al matrix nano alumina composites first
increases and then decreases with increase in volume percent
of nano Al2O3 particles, due to the higher hardness of the
ceramic particles. The hardness first increases up to 2.0
volume % of nano- Al2O3 and then decreases with increase in
volume percent of alumina particles as shown in Figure 6.

Figure 7. Scanning electron micrograph of Al-2.0 Vol. % nano
Al2O3 composite

5. CONCLUSIONS

93
92.5
92
91.5
91
90.5
Rockwell
Hardness 90
(HRB) 89.5
89
88.5

92.25

1.

In this work, aluminum matrix composites reinforced
with nano-sized alumina particles were fabricated by
novel two step mixing, compaction and stir die casting
process. The effect of addition of hard nano- Al2O3
particles in the aluminum alloy matrix was studied.

2.

It is clear from this work that the Nano-alumina particles
improve the mechanical properties up to 2.0 volume
percent of nano alumina particles.

3.

The hardness and tensile strengths of the aluminum
matrix nano alumina composites first increases and then
decreases with increase in volume percent of nano-Al2O3
particles. The percentage elongation or the ductility also
first increases up to 2.0 volume percent and then
decreases with increase in reinforcement content. This is

91.75

89.5
89

0

2

4

6

Volume %age of nano alumina
Figure 6. Variation of Rockwell hardness (HRB) of Al alloy-Nano
Al2O3 composites with Increase in volume percent of Nanoalumina
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because of the agglomeration of the nano alumina
particles and the formation of a continuous brittle phase
along grain boundaries. Clustering of nano particles
causes stress concentration and hence provides sites for
crack initiation which reduces the tensile strength and
hardness at higher reinforcement content.
4.

As the particulate volume fraction increases, the extent
of agglomerations of the particulates increases. When
nano-particle content in the composites exceeded 2.0
volume percent, the agglomerations reduce the effect of
nano-particulates
available,
and
the
particle
strengthening and hardening effect decreases.

[4]

[5]

[6]

[7]

5.

The compressive strength was found to increase with
increase in volume percent of nano-alumina up to 4.0
volume percent of alumina. This is due to increase in
elastic modulus with increase in volume percent of nano
alumina particles.

[8]
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Abstract: A wideband monopole antenna by coplanar waveguide
(CPW) fed to circular patch is presented for WIMAX and
various applications. This antenna has very compact in size, has
width 35.1mm,length 39.8mm and height 1.50mm fed with the
coplanar waveguide of 50ohm micro strip line where ground is
reduced sized, below the substrate. The proposed antenna covers
the frequency range of 2.47 GHz to 7.181 GHz range which has
impedance bandwidth of around 4.7 GHz and return loss dip is 20dB. The gain is around 2.58 dB and directivity of 2.91dB. The
results show that the antenna can achieve wide impedancebandwidth and Gain simultaneously. The radiation characteristic
of the antenna shows the monopole like pattern and the
simulated results are in good ones.
Keywords: Monopole antenna, Wideband antenna, coplanar
waveguide (CPW) fed, Gain, impedance bandwidth, CST.

simulations are performed by the use of CST (Computer
Simulation Technology) Microwave Studio software.

2. ANTENNA DESIGN CONSIDERATION AND
DESIGN CONFIGURATIONS
CONFIGURATION
The methodology for the antenna is described here in brief
manner. Here first to attain wideband operation [2]covering
the frequency range of 2.4/5.2/5.8/s-band
2.4/5.2/5.8/s
and c-bands planar
monopole antenna are chosen. Second achieve the
omnidirectional pattern for 3D coverage for this reduced
ground plane has been used. The Design of the proposed
wideband monopole Antenna [3] with modified ground
surface plane is shown in the figure 1.

1. INTRODUCTION
It has been well known that the future communication
technology pressingly demands integration of more than one
communication system in a limited equipment space. The
wideband Antenna systems are attracted so much attention
because the need of exchanging huge quantity of information
at high rates in modern communication system. The planar
monopole antennas are so simple in the geometry and very
easy to construct by the simple metal. This type of antenna has
the advantages of providing wide operating bandwidth and is
achieved from placing the metal plate on relative to large
ground plane.
Antennas with compact size, Low profile and simple
structures are now a day’s very attractive for wireless local
area network (WLAN) and worldwide interoperability for
microwave Access (WiMAX) communication.
communication.In order to meet
the specification of the WLAN bands at 2.4 GHz (2.4 GHz to
5 GHz), Wi MAX band at 3.4 GHz, S for 2-4GHz
4GHz and c-band
for 4-8 GHz. Various types of wide and multiband monopole
antennas are proposed such as rectangular, triangular slotted
and many different shapes[1]. These antenna have wide
impedance bandwidth and omnidirectional radiation pattern.A
design example of the proposed antenna is demonstrated, and
the simulation results are presented. All the results and

Front View

Back View
Figure 1:Front and Back view of the proposed Wide Band
monopole Antenna.

Coplanar Waveguide Fed WidebandMonopole Antennafor WIMAX Application

Aim of the design is to have compact reduced size monopole
antenna.The design consist of four main part Patch , Substrate,
Ground and Feed (microstripfeedline).The Circular Patch[4] is
mounted over the substrate whose radius is 10mm which is
perfect electric conductor, below the patch and above ground
Substrate is placed whose dimension is 35.1 mm width and
39.80 mm length and height of 1.50 mm is made up of FR4
material permittivity of 4.3, the ground is located below the
substrate having reduced size length of 18.9 mm and 35.1 mm
width, which is also made up of perfect electric conductor
metal. The patch has been fed with the coplanar waveguide
microstrip feed line[5] that excite the patch for radiation has
the width of 3.5mm and length of 19.2 mm.
Table 1: Dimensions for wideband frequency Antenna

Parameter
Substrate length Sl

Dimension (mm)
39.80

Substrate width Sw
Ground length Gl
Ground width Gw
Substrate height h

35.1
18.9
35.2
1.50

Feed line length
Feed width

19.2
3.5
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Table:2 below shows the important antenna results.
Table 2: Important Parameters at resonant frequency of PRMA
CPW-fed for wideband Antenna

Parameter
Bandwidth
Gain
Directivity
Return loss S11

Results
4.6 dB
2.56 dB
2.89dB
-20dB

The results clearly show the radiation pattern has omni
directional 3D view that resonates its energy to environment
with enough power and the directivity 2.9dB at that point, and
this pattern results in a gain of around 2.58dB.

Figure 3: Simulated antenna Radiation Pattern of gain

The design of the antenna is simulated by the CST Microwave
Studio software which solve by use of finite element method.
The figure below shows the return loss result, which clarify
that its max dip approaches to -20 dB, having wide impedance
bandwidth of 4.7 GHz whose range starts from 2.47GHz to
7.181 GHz which is very wide impedance bandwidth.In the
design process, when the primitive geometry f the two planar
monopoles are determined, dimensions of the antennas, such
as sw,sl,gw,gl,and h in Antenna , are carefully adjusted
through an error and trial method for the optimal input
impedance over the required frequency band .

Analysis is conducted for the proposed antenna for the
important parameters that affects the bandwidth of the
antenna. In this antenna design, the ground width and length
of circular monopole patch, affects significantly the bandwidth
of antenna. The ground width and length are varied according
to the change in the values of impedance bandwidth. Figure-4
shows the simulated return loss of the proposed antenna for
various ground length with all the remaining parameters[6] of
the proposed antenna are same as the design shown in Table:
1.

Figure 2: Simulated return loss of the proposed Antenna.

Figure4: Simulated return loss of the proposed Monopole
antenna as a variation in feed width.
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The antenna result VSWR of the proposed circular monopole
antenna for wide band applications is shown in figure 6. It is
clearly seen from the figure:5 that the antenna VSWR is
between 2and 1 and also the Electric field radiation Pattern for
antenna is shown in figure:6.

4. CONCLUSION
Wideband planar monopoles attached to reduced sized ground
planes which areanalyzed, and fabricated. The simulated
results shows that the monopole antenna are capable to cover
the WLAN bands at 2.4 GHz (2.4 GHz to 5 GHz), Wi MAX
band[7] at 3.4 GHz, S for 2-4GHz and c-band for 4-8 GHz
frequency range. In the whole operating frequency, the
monopole can provide a nearly omnidirectional radiation
pattern in the azimuth plane. With relatively low profile, the
compact planar monopole has great potential use in multiband wireless communication systems such as receivers on
vehicles. The antenna has been analyzed using a finite element
method [8], where the results are achieved by CST Microwave
simulator [9]. It is hopeful that the simple structure of the
proposed antenna, its compact size, and the degrees of
freedom of its design, will make it an attractive choice for the
Wideband antenna [10] designers.
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