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PRODUCTION OF BIOACTIVE COMPOUNDS USING MARINE
ISOLATES IN CO-CULTURING SYSTEMS
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Abstract— Co-culture is the
simultaneous cultivation of two or
more species of microorganisms in the

same medium. Routine laboratory procedures
practice culture of a single microorganism
wherein only a fraction of the total genes are
expressed. Co-cultivation of two or more
different microbes tries to resemble the
natural environment in which these organisms
originally grow. Competition between
microbes is induced deliberately and stressful
conditions arise leading to enhanced
production of compounds produced in pure
cultures or production of novel compounds
that are not detected in pure cultures. Present
study deals with the production of bioactive
compounds in co-culture of marine
microorganisms. These compounds were
purified and further screened for antimicrobial

activity against multiple drug-resistant
micro-organisms.

Index Terms—Bioactive compounds,
co-culture, marine, multiple drug-resistant

micro-organismes.

I. INTRODUCTION

The marine environment covers almost 70%
of the earth surface. Marine water bodies are a
rich source of microorganisms which include a

variety of fungus, bacteria, actinomycetes, etc.
and these organisms represent a novel source
of new bioactive compounds. Marine
organisms are a potent source for new
biologically active secondary metabolites.
Marine-derived fungi and bacteria from various
coasts have been isolated, characterised and
exploited for the production of various drugs.
Co-culture systems have been used to study
the interactions between cell populations and
are fundamental to cell—cell interaction studies
of any kind. A co-culture is a cell cultivation
set-up, in which two or more different
populations of cells are grown with some
degree of contact between them. These
techniques find myriad applications in biology
for studying natural or synthetic interactions
between cell populations. The main reason for
conducting  co-culture  experiments and
motivation for using such a set-up include: (1)
studying  natural interactions  between
populations, (2) improving cultivation success
for certain populations, (3) establishing
synthetic interactions between populations [4].
The importance of this study is to compare the
rate of antibiotic production by the bacteria
solely and when it is co-inoculated with
another bacterium. Quorum sensing forms the
basis for cell induced antibiotic production.
Bacterial cells have the ability to show cell to
cell communication in presence of another
bacteria with their autoinducers. This allows
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the bacteria to sense a critical cell mass and in
response activate or repress target genes [5].
Marine microorganisms are a major source
for Marine Microbial Natural Products (MMNP)
discovery [3]. Co-cultivation is also one of the
techniques used for activation of the silent
genes for the production of new compounds.
Growing or cultivating of two or more
microorganisms in the same broth is called
co-cultivation, also referred to as “mixed
fermentation”. The present study deals with
co-cultivation of marine microbial isolates. The
extraction of bioactive compounds and further
screening for antimicrobial activity was
attempted against multiple drug-resistant
micro-organisms isolated from clinical samples
resistant against commonly used antibiotics.

II. MATERIALS AND METHODS

Marine microbial strains and media

The marine microbial strains used in this
study are as follows: Aspergillus fumigatus
(NCIM902), Bacillus pumilus (NCIM2327),
Candida albicans (NCIM3100) and Rhodococcus
sp. (NCIM5452). Strains were obtained from
National Collection of Industrial
Microorganisms (NCIm). Bacillus and
Rhodococcus strains were cultured in nutrient
broth (as suggested by NCIM) at 37°C while
Aspergillus and Candida strains were cultured
in yeast-malt extract broth at 37°C.
Test organisms
To test the antibiotic activity, clinical cultures
of drug resistant strains, Methicillin resistant
Staphylococcus aureus (MRSA), Pseudomonas
aeroginosa (resistant to commonly used
antibiotics) and MDR E. coli, isolated from
clinical samples were used.
Pre-tests for microbial inhibition

To test the inhibition of one organism due to
the bioactive compounds produced by another,
cross streak method was used. Nutrient agar
plates and yeast-malt extract agar plates were
prepared. On these plates, one microorganism
was streaked horizontally, while the other was
streaked from the edge of the plate
perpendicular to the first streak.
Combinations of organisms used for co-culture:

1.Aspergillus fumigatus — Rhodococcus sp. on
nutrient broth agar plate

2.Bacillus pumilus - Rhodococcus sp.
nutrient broth agar plate

3.Aspergillus fumigatus - Candida albicans on
yeast malt extract broth agar plate

on

Inhibition zones were observed at the
intersection of two streaks.

Co-culture

The above mentioned combinations of

microorganisms were grown in a medium to
find out the production of antibiotic
compound. Totally, three set of cultures of
each combination were maintained as follows:
A.Live cells of 1st and 2nd strains

In this, 10ml of 24 hours old broth cultures of

both strains were added to the 100 ml of

respective broths.
B.Live cells of 2nd strain alone (control)

In culture system B, 10ml of 24 hours old

culture of 1st strain alone was inoculated.
C.Live cells of 1st strain alone (control)

In culture system C, 10ml of 24 hours old 2nd

strain alone was inoculated.

All the cultures were incubated at 37°C for 5
days. After the incubation period, the cultures
were centrifuged at 2500 rpm for 20 minutes.
The supernatant was collected and subjected
to antibacterial assay with multiple drug
resistant test strains.

Screening for antibiotic activity

Antibiotic activity was assayed using a
standard agar well diffusion method [2]. Nine
test tubes were prepared each containing 1ml
of LB. After autoclaving, the pathogenic strains
were inoculated in it. Nutrient agar plates were
flooded with test strains. Wells were created
using a cork borer on plates and the
supernatants of co-culture experiments were
introduced into the wells. The plates were then
incubated for 24 hours and the inhibition zones
were observed.

Totally, three sets of plates were maintained
for each combination. Each plate in a set was
flooded with different test strains. All plates
contained three wells which included two
supernatants from control flasks and one
supernatant from co-culture flask.

2nd International Conference on Biotechnology, Civil and Chemical Engineering (ICBCCE 2015),
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Agar Well Diffusion:
Following groups were made and each group
was tested against the test organisms:
Group I: In yeast-malt extract broth
1. Aspergillus fumigatus (control)
2. Candida albicans (control)
3. Aspergillus + Rhodococcus
(Co-culture supernatant)
Group Il: In nutrient broth
1. Aspergillus fumigatus (control)
2. Candida albicans (control)
3. Aspergillus + Rhodococcus
(Co-culture supernatant)
Group lll: In nutrient broth
1. Bacillus pumilus (control)
2. Rhodococcus sp. (control)
3. Bacillus + Rhodococcus (Co-culture
supernatant)
These three groups were tested on the
following organisms:

1. MDR E. coli
2. Methicillin ~ resistant  Staphylococcus
aureus (MRSA)

3. Pseudomonas aeroginosa (resistant to
commonly used antibiotics)

Ill. RESULTS

Pre-tests for microbial inhibition- Cross streak
method

The tests showed that C. albicans completely
inhibits A. fumigatus (Fig. 1{a}). Cross streak
analysis for B. pumilus — Rhodococcus sp.
combination showed that both organisms can
grow together (Fig. 1{b}) while in A. fumigatus
— Rhodococcus sp. combination, Rhodococcus
sp. strongly (but not completely) inhibits A.
fumigatus (Fig. 1{c}). Hence, the latter two
combinations were selected for co-culture
studies.
Screening for antibiotic activity

Antibiotic activity was studied using agar well
diffusion method. In all cases, supernatants
sfrom co-culture showed higher antibiotic
activity than those from individual controls
which proved that co culturing would help
bring out higher antibiotic activity (Fig. 2).
Supernatant from A. fumigatus — Rhodococcus
sp. co-culture maximally inhibited MDR E.coli
while supernatant from B. pumilus -

Rhodococcus sp. co-culture maximally inhibited
MDR  E.coli and methicillin  resistant
Staphylococcus aureus (Fig. 3).

IV. CONCLUSION

Co-cultivation is one of the techniques used
for activation of the silent genes for the
production of new compounds [1].

An effort was made to co-cultivate marine
derived fungi and bacteria and isolation of
crude bioactive compounds capable of acting
on clinically resistant strains of infectious
organisms.

Co-cultivation (also called mixed
fermentation) of two or more different
microorganisms tries to mimic the ecological
situation where microorganisms  always
co-exist within complex microbial communities.
The competition or antagonism experienced
during co-cultivation is shown to lead to an
enhanced production of constitutively present
compounds and/or to an accumulation of
cryptic compounds.

The present study provides a platform for
further studies of interaction between marine
bacteria and the exploration of their antibiotic
property towards MDR bacteria.

(b) B.pumilus — Rhodococcus sp.
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(d) B= 11 mm, R=8 mm, B-R co-culture= 15
mm

(c) A.fumigatus — Rhodococcus sp.

Fig. 1: Inhibition tests by cross streak method

(f) B= 10 mm, R=0 mm, B-R co-culture= 15
mm

Fig. 2: Screening for antimicrobial activity using

agar well diffusion method and the inhibition

(b) A= 10 mm, R=9 mm, A-R co-culture= 14 diameters (A- A.fumigatus, B- B.pumilus, R-
mm Rhodococcus sp.)

A. fumigatus — Rhodococcus sp.
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B. pumilus - Rhodococcus sp.
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Fig. 3: Effect of culture conditions on
production of antibiotic activity and tested
against multiple drug resistant organisms.
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OPTIMIZATION OF INITIAL PH AND INITIAL GLUCOSE CONCENTRATION
FOR MAXIMUM ETHANOL PRODUCTION WITH RESPECT TO DIFFERENT
FERMENTATION KINETIC PARAMETERS BY USING S.CEREVISAE AND
CHEMICALLY DEFINED MEDIUM.

'Ram Chavan, 2Kunjan Saxena, 3Manoj Kumar, *Sharad Gangawane
BITS Pilani KK Birla Goa campus, LPU Punjab, LPU Punjab, RS college, Latur (MH)
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Abstract—This study presents the work
regarding optimization of initial pH and initial
Glucose concentration (% W/V) for maximum
Ethanol production with respect to different
fermentation kinetic parameters by using
S.cerevisae and chemically defined medium.
Ethanol is growth associated by-product
synthesized by S.cerevisae and its yield (g/g) is
very sensitive to the changes in the initial pH
and initial Glucose concentration (g/L).Hence
batch experiments were designed to optimize
initial pH and initial Glucose concentration
mainly with respect to maximum Ethanol yield
(g/g), maximum glucose utilization rate (%)
and specific growth rate (hr?).Other kinetic

parameters like Biomass  productivity
(g/L-hr),Biomass yield (g/g),Ethanol
productivity (g/L-hr) and fermentation

efficiency (%) are also studied. Random
experiments were designed to optimize one
parameter at a time with different values. The
initial pH values selected were 4.0,4.5,4.75
and 5.0.The initial Glucose concentration (%
W/V) selected were 5,10,15 and 20.The
optimum pH for maximum ethanol yield
(0.453g/g ), fermentation efficiency (88.63 %)
and maximum ethanol production(39.73 g)
was found to be 4.5 and it is used for the
optimization of initial glucose concentration in
later studies. The optimum initial glucose
conc.(% (W/V)) for maximum ethanol yield

(0.487g/g ), fermentation efficiency (43.42 %)
and maximum ethanol production(39.73 g)
was found to be 10 % (W/V) .Glucose
concentration is monitored with DNS assay,
yeast biomass was analysed by absorbance at
525 nm and ethanol production is monitored
by alcoholmeter after applying temperature
correction factors.

Index Terms—S.cerevisae, Ethanol,
alcoholmeter and kinetic parameters.

yield,

INTRODUCTION

Bio-ethanol is an eco-friendly fuel that can be
used in unmodified petrol engines. Combustion
of ethanol results in relatively low emission of
volatile organic compounds, carbon monoxide
and nitrogen oxides. The emission and toxicity
of ethanol are lower than those of fossil fuels
such as petroleum, diesel etc. Saccharomyces
cerevisiae is the cheapest strain used for
bio-ethanol production from sugar molasses.
S.cerevisae is capable of very rapid rates of
ethanol production under optimal
conditions.[1] The largest single use of ethanol is
as a motor fuel and fuel additive.[2]

S.cerevisae is highly sensitive to initial pH and
initial sugar concentration. At higher pH and
sugar concentration it favours acid production
and decrease in  ethanol  production
respectively.[1]  Ethanol  production by
S.cerevisae is influenced by various factors like
initial pH, aeration rate, and temperature and
sugar concentration. [3] The use of bioethanol
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Optimization Of Initial PH And Initial Glucose Concentration For Maximum Ethanol Production With Respect
To Different Fermentation Kinetic Parameters By Using S.CEREVISAE And Chemically Defined Medium.

as gasoline oxygenate is beneficial in terms of
higher oxygen content, octane number and
reduction of CO emission.[4] Fed batch system
for fermentation has advantages over batch
processes like higher productivity, higher
dissolved oxygen in the medium, decreased
fermentation time and reduced toxic effects of
the medium components, which are present at
high concentrations.[5] Wild type S. cerevisiae
has limitation being unable to ferment pentoses
and hard efforts have been made to design a
suitable engineered S. Cerevisiae.[6]

Ethanol production by S.cerevisae is very
sensitive to initial pH and sugar concentration.
This research aims at finding optimum pH and
sugar concentration with respect to high ethanol
yield, fermentation efficiency, sugar utilization
rate, biomass yield and productivity etc.

MATERIALS AND METHODS

Revival of dry Baker’s yeast powder:

0.5 % (W/V) of dry Baker’s yeast powder is
suspended in 50 ml of sterile distilled water in
100 ml sterile conical flasks and kept in
orbital shaker incubator at 30°C and at 150
rpm for 15 minutes.

Maintenance of Baker’s yeast culture:

1 ml of revived yeast culture is transferred to
sterile YEPD
broth(yeastextract-10g/L,Peptone-20g/L,Glucos
e-100g/L,pH-4.5) and kept for incubation for 3
days. After sufficient growth, the broths were
preserved in refrigerator for further use. One
loop full culture is streaked on YEPD agar
slants and incubated at 30 °C for 3 days. After
sufficient growth, the broths were preserved in
refrigerator for further use. Aseptic conditions
were maintained.

Determination of Glucose Concentration:
Glucose concentration is determined by DNS
assay. Glucose standard stock (1 g/L) is prepared
in distilled water and is used to prepare glucose
solutions with different concentrations .Optical
density is determined by using
Spectrophotometer Elico SL-159 adjusted at 550
nm. Standard graph is obtained by plotting
Concentration of Glucose ( g/L) on X axis
and corresponding optical density at 550 nm on
Y axis. The Glucose concentration of suitably

diluted fermented broth samples was estimated
by using this curve. 1 ml of previously
centrifuged (without Biomass) fermented broth
sample is suitably diluted to obtain OD within
calibration of standard glucose curve.3 ml of
this diluted broth sample is mixed with 3 ml of
DNS reagent (Dinitrosalicyli acid-10 g,Phenol-
2 ml,Sodium sulfite-0.5 g and Sodium hydroxide
(0.4 M)-10 ml,make up the volume to 1000 ml
with distilled water.) and heated in boiling
water bath for 15 minutes till red brick colour
developed.1 ml of Rochelle salt was added and
allowed to cool. OD is recorded at 550 nm. The
residual sugar concentration is then determined
by standard glucose curve .Distilled water and
DNS is taken as blank. [7]

Determination of Biomass Concentration:

50 ml of fermented broth samples were
periodically and aseptically removed. The
fermented broth sample is centrifuged at 7000
rpm for 10 minutes . The pellet is separated
from supernatant and dried in incubator till
constant weight is obtained. The supernatant
is stored and analyzed for determination of
sugar concentration and ethanol production.
The dry yeast biomass weight is then diluted
to with distilled water and OD is recorded at
525 nm. By using standard yeast dry weight
graph, actual biomass concentration was
determined and is then expressed in g/L. [7]

Determination of Ethanol Concentrations:

Approximately 40 ml of fermented broth is
centrifuged at 7000 rpm and supernatant is taken
in 50 ml measuring cylinder and the room
temperature is noted down. The Alcoholmeter
was allowed to dip freely without touching the
inner walls of measuring cylinder. The
readings on Alcoholmeter were noted down and
the correction factor was applied to measure %
(V/V) alcohol content of broth. The corrected %
(V/V) alcohol content value is then multiplied
with density of ethanol (at temperature at which
the readings were taken) to give % (W/V) of
ethanol. This value is then expressed in terms
of ethanol concentration (g/L).Ethanol content
of final samples was confirmed by distillation
at 76°C estimated by using alcoholmeter.
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Ethanol is estimated by Gay Lussac
Alcoholmeter. [7]
Determination  of  fermentation  kinetic
parameters:

The values of fermentation kinetic parameters
can be determined by using following formulas
or Method,

Biomass productivity (g/L-hr): Slope of the
graph  obtained by plotting  Biomass

concentration (g/L) against time (hr).

Biomass yield (g/g) = Biomass dry weight/Mass
of Glucose utilized

Determination specific growth rate p (hr'):
Slope of curve obtained by plotting InX (g/L)
against time (hr).

Determination of Ethanol productivity (g/L-hr):
Ethanol productivity (g/L-hr): Slope of the
graph  obtained by plotting  Ethanol
concentration

(g/L) against time (hr).

Ethanol yield (g/g): Weight of ethanol produced/
Mass of Glucose utilized.

% sugar Conversion: [(Initial sugar Conc. —
Final sugar Conc.) / Initial Sugar Conc.] * 100.

Sugar Utilization rate (g/hr): Slope of graph
obtained by plotting sugar utilized (g) against
time (hr).

Fermentation  Efficiency (%):  (Ethanol
yield/Max. possible true yield for Ethanol) *
100.

Maximum Biomass Conc. (g/L): Highest value
of Biomass Conc. (g/L).

Maximum Ethanol Conc. (g/L): Highest value of
Ethanol Conc. (g/L).

Optimization of initial pH value:
Initial pH optimization is carried out by using

defined medium-Normal strength working
nutrient medium with composition

(MgCL2.6H20- 0.52 g/L, (NH4)2SOs- 12.0 g/L,

H3PO4 (85%)-1.6 mL/L,KCI-0.12
g/L,CaCl2.2H20-0.2 /L,
NaCl-0.06 /L MnSO4.H>0-0.024

g/L,CaS04.5H20-0.0005
g/L,H3B03-0.0005g/L,Na2M004.2H20-0.002g/
L,NiCl-0.0025mg/L,ZnS04.7H20-0.012g/L,Co
S04.7H20-0.0023mg/L,KI1-0.0001g/L,FeSO4(N
H4)2S04.6H20-0.035g/L,Myo-Inositol-0.125

g/L,Pyridoxine-HCL (Vit- B6)-0.00625
g/L,Ca-n-Pantothenate-0.00625 g/L,
Thiamine-HCL  (Vitamin B1)-0.005 g/L,

Nicotinic Acid-0.005 g/L,D-Biotin (Vitamin
H0-0.000125 g/LLEDTA- 0.1 g/L,Glucose-50
g/L).2 L of Normal strength working nutrient
medium is prepared out of which 400 ml is
distributed in 4 separate 500 ml sterile flaks
and pH is adjusted accordingly
(pH-4.0,4.5,4.75,5.0) and were labelled
carefully. The media were autoclaved at 15 psi
for 15 min and allowed to cool at room
temperature. Meanwhile the preserved Baker’s
yeast culture flask was removed and kept in
room temperature.20 ml inoculums from this is
transferred aseptically to each of above flasks.
The flasks were incubated at 30°C in an orbital
shaker incubator for 72 hr. The samples were
aseptically removed from the fermentation
flasks and analyzed for yeast biomass dry
weight (g/L), Glucose concentration and for
estimation of FEthanol produced (g/L).The
initial pH value which gives better ethanol
production is selected for further
experimentation.

Optimization of Sugar Concentration:

Sugar concentration optimization is carried
out by using defined medium-Normal strength
Working nutrient medium at pH 4.5 and
different sugar concentrations.2 L of Normal
strength working nutrient medium is prepared
and pH was adjusted to 4.5, out of which 400 ml
is distributed in 4 separate 500 ml sterile flaks
and Sugar conc. is adjusted accordingly (sugar
concentrations % (W/V):5,10,15,20) and were
labelled carefully. The media were autoclaved at
15 psi for 15 min and allowed to cool at room
temperature. Meanwhile the preserved Baker’s
yeast flask was removed and kept in room
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temperature. 20 ml (inoculum) from this is
transferred aseptically to each of above flasks.
The flasks were incubated at 30°C in an orbital
shaker incubator for 72 hr. The samples were
aseptically removed from the fermentation
flasks and analyzed for yeast biomass dry
weight (g/L), Glucose concentration and for
estimation of Ethanol produced (g/L).The initial
sugar concentration value which gives better
ethanol production is selected for further
experimentation.

OBSERVATIONS

Observations For initial pH:

Table 1:

Biomass concentration (g/L) against time (hr)
at different initial pH values. [Temperature
30°C, fermentation time 72 hr, Glucose
Concentration 10% (W/V)].

T('::)e oH-4.0 | pH-4.5 pH;4'7 pH-5.0
0 0.4 0.4 0.4 0.4
6 0.6 0.8 044 | 062
24 26 0.9 084 | 2.04
30 4 4.6 1.04 3.8
48 5.8 7 3.8 5
54 8.6 9.8 5.98 5.8
72 10.02 11 10.2 8.2

Biomass Conc. (g/L) against Time (hr)
at different initial pH values

’F/. —— pH-4.0

—a—pH-AE

[ =

e B

pH-A.1%

Biomass Conc.[g/L)

——pH-50
0 a0 BU 80

Time [ hr)

Fig.1 Biomass concentration (g/L) against
time (hr) at different initial pH values.

Table 2

Residual Glucose concentration present in
fermentation broth (g/L) against time (hr) at
different initial pH values. [Temperature 30°C,
fermentation time 72 hr, Glucose Concentration
10% (W/V)].

T('::)e pH-4.0 | pH-45 | pH-4.75 | pH-5.0
0 100 100 100 100
6 95 89 93 97
24 72 65 76 79
30 65 59 69 73
48 51 30 31 52
54 45 23 22 51
72 20 13 15 32

Residual Glucose Conc. (g/L) against
Time (hr) at different initial pH values

120
100
80

e —

Biomass Conc.{g/L)

—4—pH-4.0
—&-pH-4.5
T~ —_—
0 T pH-4.75
0 ——pH-12.0

0 20 40 B0 80

Time {hr)

Fig.2 Residual Glucose concentration present in
fermentation broth (g/L) against time (hr) at
different initial pH values.

Table 3. Ethanol produced (g/L) against time
(hr) at different initial pH wvalues.
[Temperature 30°C, fermentation time 72 hr,
Glucose Concentration 10% (W/V)].

Time
(hr) pH-4.0 pH-4.5 pH-4.75 | pH-5.0
0 0 0 0
0 0 0 0
24 0 0 0 0
30 0 19.736 0 0
48 15.789 27.631 22.894 19.736
54 23.684 35.525 27.631 23.684
72 27.631 39.473 35.525 27.631
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Ethanol Conc. (g/L) against Time (hr)
at different initial pH values

) —
30

3
H -/l'r"_,.a e A0
o
i n /. / ey
510 pHAT
® 'y

v AR e -3

] i) a0 50 &0

Time ()

Fig.3 Ethanol produced (g/L) against time (hr)
at different initial pH values.

Observations For initial Glucose conc.:

Table 4.

Biomass concentration (g/L) against time
(hr) at different initial Glucose concentration
(%W/V). [Temperature 30°C, fermentation time
72 hr, pH 4.5]

Time | Glucose | Glucose | Glucose | Glucose
(hr) 5% 10 % 15% 20%
0 0.4 0.4 0.4 04
6 0.6 0.9 0.44 0.67
24 2.8 2.5 2.73 1.7
30 3 3.9 2.98 2.2
48 4.5 5.2 3.97 3.9
54 5.2 5.9 4.5 4.2
72 5.8 11.5 8.5 4.9

Biomass Conc. (g/L) against Time (hr)
at different initial Glucose (% W/V)
values

e 0 012 5%
—-Glucose 10%

55 Cone. (g/L)

Bioma

Glucnse 1 %

e (|52 20 %

limp (hr]

Fig.4 Biomass concentration (g/L) against
time (hr) at different initial Glucose
concentration(%W/V).

Table 5. Residual Glucose concentration
present in fermentation broth (g/L) against
time (hr) at different initial Glucose
concentration. [Temperature 30°C,
fermentation time 72 hr, pH 4.5].

Time (hr) Glucose | Glucose | Glucose Glucose
5% 10 % 15% 20%
0 50 100 150 200
6 48 85 142.5 196
24 40.5 63 130.5 178
30 34 55 91.5 154
48 22 31 70.5 126
54 14 22 79.5 118
72 7 11 61.5 110
Residual Glucose Conc. (g/L) against
Time (hr) at different initial Glucose
(% W/V) values
- 250
S 200
§ 150 X ———Gluse 5%
o :::t!::_—-_&h__.; —B-Glucose 10%
g Glucose 15 %
I U
3 0 20 a0 &0 g T Glucose20%
§ Time (hr)

Fig. 5 .Residual Glucose concentration present
in fermentation broth (g/L) against time (hr) at
different initial sugar concentration.

Table 6.Ethanol produced (g/L) against time
(hr) at different initial Glucose concentration.
[Temperature 30°C, fermentation time 72 hr,
pH 4.5].

Time (hr) Glucose | Glucose | Glucose | Glucose
5% 10 % 15% 20%
0 0 0 0 0
6 0 0 0 0
24 0 0 0 0
30 0 23.648 0 0
48 0 27.631 0 0
54 0 35.525 27.631 23.648
72 15.789 43.42 35.525 31.578

Ethanol Conc. (g/L) against Time (hr)
at different initial Glucose (% W/V)
values

—+—Glucose 5%

= Glucose 10 %

Ethanal Cone.{g/L]
=k

o o D

3 {
\'\

Glucose 15 %

a 20 an &0 20 Glucose 20 %

Time (hr)

Fig.6. Ethanol produced (g/L) against time (hr)
at different initial Glucose concentration.
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RESULTS AND DISCUSSION:
Table 7. comparison of different kinetic
parameters at different initial pH values
Glucose conc.-100g/L, Temp.-30 °C, at different
initial pH values):

Table 8 Comparison of different kinetic

’\Sl;'. Parameter pH-4.0 pH-4.5 pH-4.75 pH-5.0
Biomass
1 Productivity 0.141 0.163 0.13 0.108
(g/L-hr)
o | Biomassyield | 400 | G126 0.12 0.12
(s/g)
3 | Seedficgrowth | 006 | 0.048 0.049 0.042
Rate (hr?)
Ethanol
4 productivity 0.435 0.632 0.555 0.449
(g/L-hr)
5 Ethanolyield | ) | (453 0.417 0.406
(s/g)
Maximum
6 Ethanol Conc. 27.631 39.473 35.525 27.631
(/L)
7 % Glucose 80 87 85 68
utilized
Glucose
8 Utilization rate 1.077 1.267 1.31 0.966
(g/hr)
%
9 Fermentation 67.5 88.63 81.6 79.49
Efficiency
Maximum
10 Biomass Conc. 10.02 11 10.2 8.2
(g/L)

parameters at different initial Glucose
concentration:
Sr.No. Parameter Glucose Glucose Glucose Glucose
5% 10 % 15 % 20%
Biomass
1 Productivity 0.08 0.138 0.101 0.067
(g/L-hr)
2 Biomass yield | ;3¢ 0.129 0.096 0.054
(8/8)
Specific
3 growth Rate 0.037 0.042 0.042 0.035
(hr?)
Ethanol
4 productivity 0.148 0.666 0.473 0.416
(g/L-hr)
5 Ethanol yield | 55 0.487 0.401 0.35
(e/8)
Maximum
6 Ethanol Conc. | 15.789 43.42 35.525 31.578
(/L)
7 % Glucose 86 89 59 45
utilized
Glucose
8 Utilization rate | 0.637 1.252 1.326 1.407
(g/hr)
%
9 Fermentation 71.8 95.3 78.47 68.49
Efficiency
Maximum
10 Biomass Conc. 5.8 11.5 85 4.9
(g/L)

Maximum Biomass productivity is observed
at initial pH of 4.5 which corresponds to
0.163 g/L-hr.  Maximum Biomass yield is
observed at initial pH of 4.5 which corresponds
to 0.126 g/g. Maximum Specific growth rate
is observed at initial pH of 4.75 which
corresponds to 0.049 hr 1.Maximum Ethanol
productivity is observed at initial pH of 4.5
which corresponds to 0.632 g/L-hr. Maximum
Ethanol yield is observed at initial pH of 4.5
which corresponds to 0.453 g/g. Maximum
Ethanol Conc. is observed at initial pH of
4.5 which corresponds to 39.473 g/L.
Maximum % Glucose utilization is observed at
initial pH of 4.5 which corresponds to 87 %.

Maximum  Glucose utilization rate is
observed at initial pH of 4.5 which
corresponds to 1.267 g/hr. Maximum

fermentation efficiency is observed at initial
pH of 4.5 which correspond to 88.63 %.
Maximum Biomass Conc. is observed at initial
pH of 4.5 which corresponds to 11 g/L.

Maximum Biomass productivity is observed at
initial Glucose Conc. Of 10 % W/V  which
corresponds to 0.138 g/L-hr. Maximum
Biomass vyield is observed at initial Glucose
Conc. Of 10 % W/V which corresponds to 0.129
g/g. Maximum Specific growth rate is observed
at initial Glucose Conc. Of 10 % and 15 % W/V
which corresponds to 0.042 hr .Maximum
Ethanol productivity is observed at initial
Glucose Conc. Of 10 % W/V which corresponds
to 0.666 g/L-hr. Maximum Ethanol vyield is
observed at initial Glucose Conc. Of 10 %
W/V  which corresponds to 0.487 g/g.
Maximum Ethanol Conc. is observed at initial
Glucose Conc. Of 10 % W/V which
corresponds to 43.42 g/L. Maximum % Glucose
utilization is observed at initial Glucose
Conc. Of 10 % W/V which corresponds to 89 %.
Maximum Glucose utilization rate is observed
at initial Glucose Conc. Of 20 % W/V which
corresponds to 1.407 g/hr. Maximum
fermentation efficiency is observed at initial
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Glucose Conc. Of 10 % W/V which correspond
to 95.3 %.Maximum Biomass Conc. is observed
at initial Glucose Conc. Of 10 % W/V which
corresponds to 11.5 g/L.

CONCLUSION
The fermentation kinetic parameters are very
sensitive to initial pH and Sugar concentration.
We need to select the experimental conditions
depending on the product we are interested in.
No single experimental condition is ideal to get
all the kinetic parameters at optimum value.
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Abstract— The wind load is always the
dominant load in the design of the cooling
tower due to its large size, complex geometry
and thin wall. In a series of wind tunnel tests,
the wind-induced stresses in cooling towers
situated in an arrangement of typical power
plant buildings, are investigated and
compared to the stresses in an isolated tower.
Interference factors are developed to quantify
the stress increase due to the group effect.
The design wind pressure at various level of
tower measured from gust factor method and
peak wind method. The variation of the
flow-induced forces produced on each tower
by the other one is referred to as interference.
Using the registered pressures, numerical
linear and nonlinear analyses were
performed to calculate the structural
responses of the isolated and grouped towers.
The net coefficient of pressure distribution
was plotted for various angle of wind
incidence. From the study, it was found that
Meridional stress is 8.86% more and
circumferential stress is about 9.43% more in
present study compared to existing NDCT
model. Also, the highest net pressure
coefficient is obtained as 1.436, when the wind
incidence angle is about 0°. The value
approaches to a minimum value of about
-0.934, when the wind incidence angle is
about 330° and occurring at about 105° angle.
The results of present study are in close

agreement with the existing structure. Thus,
the numerical model is validated.

Index Terms— Wind interference, Aero-elastic
wind tunnel tests, Stress responses, cooling
tower.

[. INTRODUCTION

Natural Draught Cooling Towers are
Hyperbolic Reinforced Concrete (RC) shell
structures used in thermal and nuclear power
plants as cooling devices. In the last decade,
Natural Draught Cooling Towers became even
more inevitable means for the economic
generation of electricity under environmental
aspects.

The hyperboloid of revolution can be generated
by rotating a hyperbola about its directrix. Shells
of this type are built throughout the world as
cooling towers to lower the temperature of
coolants (water) used in electricity generating
plants and chemical plants. This type of shell has
proven to be efficient for use in Reinforced
Concrete Natural Draught Cooling Towers for
the conservation and reuse of the coolant.

In the present study, the sizing of cooling tower
is taken based on the thermal design report and
capacity of cooling tower. In this study 500MW
capacity of Natural Draught Cooling Tower for
Thermal Power Plant is taken. The tower is
analyzed using the commercially available Staad
Pro v8i software.

The wind load is calculated as per 1S 11504 and
IS 875 for the analysis of isolated case of cooling
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tower. For Interference case of cooling tower
based on the wind tunnel study report pressure
co-efficient is considered and it is multiplied
with the dynamic wind pressure and
corresponding surface area. Modal analysis is
done for dynamic seismic load as per IS
1893:2002. In this study the cooling tower is
analyzed for both wind and seismic loads.

DESCRIPTION OF THE COOLING
TOWER

General Arrangement

Cooling tower consists of RCC shell, which is
hyperbolic, shaped except for the portion at
bottom, which is conical. The shell is supported
on 44 pairs of diagonal columns in RCC, which
are raked tangential to the Meridional profile of
the shell at its bottom; the open system of
columns also provides the air inlet opening. The
diagonal columns rest on RCC pedestals, which
are in the same inclined plane. The RCC
pedestals are an integral part of the pond wall in
RCC, which retains the re-cooled water. Pond
wall spanning between the pedestals will be
considered. At bottom, a ring shaped horizontal
RCC ring foundation below the pond wall and
pedestal is provided. The soil bearing capacity
for ring foundation is considered 50t/m2 at depth
of 5.0m from FGL.

RCC platform 1.2m wide all around the tower at
top shall be provided, which is accessed by two
M.S. cage ladders. These ladders spring from the
top of an RCC staircase. The ladders are on
outside up to throat level and then on the inside
up to the top, with inter connection through a
landing platform and access door at the throat
level. The RCC staircase leads from ground level
up to the level of water distribution system.
Internal walkways in RCC are provided on
periphery of tower cantilevering from the shell at
the hot water distribution level and on the hot
water distribution duct inside the tower.

Functional Requirements of the Cooling
Tower

Duty and Capacity

a. Quantity of circulating water per tower :
60000 cum/hr

b. Type of tower : Natural draught (hyperbolic)
c. Period of operation : 24 hrs continuous

d. Hot water inlet temperature : 43.0 degree C

e. Re-cooled water outlet temperature : 32.5
degree C

f. Design relative humidity : 50%

g. Design ambient wet bulb temperature : 27
degree C

h. Design wind speed : 39 m/sec
Important Dimensions

a) Elevations (in meters)

i) Pond sill +0.00

i) Ground level -0.30

iii) Basin floor at periphery -2.30

iv) Working level of water -0.30

v) Top of the tower +160.00

vi) Throat of the tower +129.00

vii) Bottom of ring beam +8.00

viii) Top of fill +14.00

ix) Bottom of fill +8.00

x) Bottom of drift eliminators +15.55

Table 5.1 Elevation details of Natural Draught
Cooling Tower

b) Internal Diameters of the Tower (in
metres)

i) Diameter at sill level +122.00

ii) Diameter at throat level +67.10

iii) Diameter at top of tower +68.50

Accordingly, the profiles of the towers are as
shown in fig. 1 all the details i.e. height of
tower above ground level, height from throat to
top of the tower, height of air vent, Diameter

at sill level, Diameter at throat level, Diameter at
top of tower indicated in the following

fig.1, are in meters.

2 68.50 m

4+ 160.00 m
v

Shell

7.10 m
Lt

16000 m

Reainforced
" concrete fill

$122.00m \

Foundation

\.;i.'alor basin
Fig: 1. Profile of the cooling tower
In this case, wind load is calculated by the

following two methods and the results are
tabulated in table 1.
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a. Gust factor method effects to get design wind velocity at a height

b. Peak wind method (\Vz) for the structure:
.

Table 1 Design wind pressure at various levels of
cooling tower

Peak Wind Method Gust Factor Method
Tevel K2 vz PaN/md’ [Pz r2 vz [Pz [Pz
Table 2 KN/m® |Table33 =0.6Vz" G*Coeff.

§.836_ [0.9300 [52.452 [2360.54]|2.361 _ [0.6700 [37.7 [2140.0 | 2.140

10 0.93 52.452  |2360.54|2.361 __ [0.67 37.7 [2140.0 | _2.140

11.589 [0.9427 [53.168 [2425.50|2.425  [0.6859 [38.6 [2242.7 | 2.243

15 0.97 54.708  |2567.96[2.568 _ [0.72 40.6 [2471.3 | 2.471

15575 [0.0734 [54.902 |2586.25|2.586 _ |0.7234 |40.8 [2495.1 | 2.495

10.715 [0.9983 [56.303 [2710.92|2.720 _ [0.7483 [42.2 |2669.3 | 2.669
20 1 56.4 2729.26]2.729 _[0.75 42.3 [2681.6 | 2.682
23.858 [1.0154 [57.270 |2814.14[2.814 _ [0.7654 |43.1 [2793.0 | 2.793
28.004 [1.0320 [58.2057 |2006.82[2.007 _ [0.7820 |44.1 [2015.4 | 2.915
30 1.04 58.656 |2051.97|2.952 _ [0.79 445 20752 | 2975
32.154 [1.0465 [59.0204 [2988.77[2.989  [0.7965 |44.9 [3024.1 | 3.024
36.308 [1.0580 [59.7233 [3060.37[3.060 _ [0.8089 |45.6 [3119.5 | 3.120
40.4658 [1.0714 |60.4268 [3132.90[3.133 _ [0.8214 [46.3 [3216.4 | 3.216
44.6285 [1.0839 [61.1311 [3206.36]3.206 _ |0.8339 _|47.0 [3315.0 | _3.315
48.7962 [1.0964 |61.8363 [3280.76]3.281 _ |0.8464 |47.7 [3415.1 | _3.415

50 1.1 62.04 _ [3302.41[3.302 _ [0.85 47.9 [3444.3 | 3.444

52.0693 [1.1042 [62.2745 [3327.423.327 _ |0.8542 [48.1 [3478.1 | 3.478 . . . .
57.1484 [1.1100 _[62.6044 [3362.773.363 __|0.8600 _|48.5 [3525.0 | _3.526 f d C I h
61.3338 [1.1159 [62.9340 [3308.37[3.398 _ [0.8659 |48.8 [3574.1 | 3.574 F|g2 PICture ot Instrumente NDCT a Ong wit
65.5262 [1.1217 _[63.2660 [3434.21[3.434 __|0.8717 _[49.1 [3622.8 | _3.623
69.7261 [1.1276 [63.5976 [3470.31]3.470 __|0.8776 [40.4 [3671.8 | 3.672 Other nearby plant structures for

73.0341 [1.1335 [63.9298 [3506.67[3.507 _ |0.8835 [49.8 [3721.3 | 3.721 ) ) R R
78.1507 [1.1394 |64.2628 |3543.29(3.543 0.8894 [50.1 [3771.2 3.771 f d h d I I
82.3765 [1.1453 |64.5965 |3580.18(3.580 _ [0.8953 [50.4 [3821.5 | 3.822 Interference stu y In the wind tunne p'Ca
86.6120 [1.1513 [64.9309 [3617.35]3.617 _ [0.9013 [50.8 [3872.3 | 3.872 . .

50.8577 [1.1572  [65.2661 [3654.79]3.655  [0.0072 [51.1 [3033.5 | 3.004 0|’|entat|0n)_

©5.1139 [1.1632 [65.6022 [3692.53[3.693 _ [0.9132 [51.5 [3975.2 975

99.3806 [1.1691 [65.9391 [3730.55[3.731 _ [0.9191 [51.8 [4027.4 | 4.027

100 7 5.988 [3736.09]3.736 _ [0.92 51.8 [4035.0 | 4.035

103.658 [1.1720 [66.1530 [3754.80(3.755 _ [0.9220 [52.0 |4060.7 | _4.061

07.945 [1.1764 _[66.3465 [3776.793.777 __|0.9264 _[52.2 |4091.0 | _4.09

12.241 [1.1798  [66.5403 [3708.80[3.799 _ [0.9208 |[52.4 [4121.4 | 4.12

16.546 [1.1832 [66.7345 [3821.10{3.821 _ [0.9332 |52.6 [4152.0 | 4.15

20.856 [1.1867 [66.9290 [3843.41(3.843 _ [0.0367 [52.8 [4182.7 | 4.18

25.171 [1.1901 _[67.1237 |3865.80|3.866 _ [0.9401 _[53.0 [4213.6 | 4.214

20260 [1.1034 [67.3086 |3887.13|3.887 _ [0.9434 [53.2 [4243.0 | 4.243

33.370 [1.1967 [67.4936 [3008.53|3.009 _ [0.9467 [53.3 [4272.6 | 4.273

37.600 [1.2002 _[67.6886 [3031.14[3.931 _ [0.0502 [53.5 [4303.8 | 4.304

142.009 [1.2036 [67.8834 [3953.803.954  [0.9536 |53.7 [4335.2 | 4.335

146.328 [1.2071 [68.0783 [3976.53[3.977 _ [0.9571 |53.9 |4366.7 | 4.367

150 121 68.244 |3005.91|3.996 _ [0.96 54.1 [4393.5 | 4.304

150.646 [1.2104 [68.2658 |3008.483.998 _ [0.9605 [54.1 [4398.2 | 4.398

154.965 [1.2130 [68.4120 [4015.61[4.016 _ [0.9639 |54.3 (44200 | 4.430

158.565 [1.2151 [68.5338 |4020.93[4.030 _ [0.9668 |54.5 |4456.5 | 4.457

160 1.24 69.956 |4196.52[4.197 |1 56.4 |[4767.3 | 4.767

Wind interference case:

a. Surrounding Structures

The plan view of the proposed Bellary thermal
power station is shown in figure 3 and 4, the
figure shows the two cooling tower, two
chimneys, and other structures such as ESP, Fig 3 Isolated case of cooling tower
Boilers, and power house. For simulation of

vicinity terrain around the proposed cooling ey L i :
towers, all the adjoining structures as mentioned e | |

above are to be included. . el

b. Site Location 1

The site of Bellary thermal power plant stage — 11 w | ‘ ‘ e st
expansion is located at Bellary district in the 0| e A
State of Karnataka, India. The general terrain HIE T P S
around the TPS location is in category 2 with % s

open terrain with well scattered obstructions e fw“””"‘f"w“m"? '
having heights generally between 1.5 to 10m T e

c. Wind Speed

The basic wind speed (Vb), from figure 1 of IS: o

875 (Part 3) — 1987, is 39m/sec at Bellary. Basic wopee | f

wind speed is based on peak gust velocity \

averaged over a short time interval of about 3 —

seconds and corresponds to mean heights 10 m

above ground level in an open terrain (Category Fig.4 Sectional elevation of the pressure model
2) for a 50 year return period. The basic wind of NDCT

speed is modified to include the following
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A NDCT model of 1:300 scales was tested

Net pressure (Heightwise)

under simulated flow conditions for “‘m“‘“‘;"g
interference  configurations. The mean T L s
pressure data has been obtained at nine AR sl I
different heights all around the periphery of —
the model in 150 interval. o] g
The highest net pressure coefficient is o w33°

obtained as 1.436, when the wind incidence 2] w
angle is about 0°. \_r/
The minimum value of Cp is about -0.934,
when the wind incidence angle is about 330° PP E—

and occurring at about 105° angle in azimuth T T
with respect to wind.

Plant West a) Cp distribution along the periphery in polar
plot
b) Cp distribution along the periphery in X-Y
plot

a)

Wind

Fig.6Net pressure coefficient distribution on the
NDCT for interference case, wind
incidence angle = 0 degree
c) Cp distribution along the height

d) Cp distribution in 3D plot

“Plant West

45 PRI I I S N STA U T T A N |
' 45 90 135 6180 25 0 M5 360

Fig.5 Interference case, wind incidence angle =
0 degree
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Fi.g.7 Interference case, wind incidence angle =
30 degree

a) Cp distribution along the periphery in polar

plot

b) Cp distribution along the periphery in X-Y

plot

Net pressure (Heightwise) Azimuthal ang)
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Fig.8 Net pressure coefficient distribution on the
NDCT for interference case, wind
incidence angle = 30 degree
c) Cp distribution along the height

d) Cp distribution in 3D plot
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45 a0

Fig.9 Interference case, wind incidence angle =
330 degree
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plot

b) Cp distribution along the periphery in X-Y
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Fig. 10 Net pressure coefficient distribution on
the NDCT for interference case,
wind incidence angle = 330 degree
c) Cp distribution along the height
d) Cp distribution in 3D plot

Modeling and Meshing

The structure is modeled using beam and plate
elements available in Staad Pro. v8i. The shells
are meshed using quadratic 4 node plate element,
raker column is modeled using 3D beam element
and pedestal, pond wall is modeled by 4 node
quadrilateral elements. The ring beam at the the
base of the shell which is modeled by using 3
nodded triangular elements. The cooling tower
shell is supported by diagonal columns called
raker columns which are fixed at the base.
Finite element model of the problem generated
using Staad Pro is shown in Fig. 11. Therefore
the total number of the nodes and elements used
in the entire model is 2948 and 2684
respectively. Node to node connection is used to
join the elements and 88 numbers of 3D beam
members are used to model the raker columns.

COUravayavATAVATATANS

Fig. 11 Finite Element Model of cooling tower
Validation of the Model
Results of the numerical simulation are
compared with that obtained by the existing
cooling tower is given in Table 2. It can be seen
that the deflection of the shell and Raker column

predicted by present study is more by about
19.4% and 24% respectively.

The Meridional Stress distribution along the
length and circumferential stress distribution at
the ring beam level are shown in Fig. 12 & 13. It
is observed that stresses obtained by the present
study are more compared to the existing Natural
Draught Cooling Tower. It can be observed that
8.86% more Meridional stress in present study
compared to existing structure and in
circumferential stress is about 9.43% more
compared to existing structure.

It can be observed that the results of present
study are in close agreement with the existing
structure. Thus, the numerical model is
validated.

Table 2 Validation Of The Numerical Model By
Considering Displacement Due To Wind

Displacement in
m due to wind Present Existing
load at extreme study NDCT
top level
shell 0.048 0.042
Raker column 0.0031 0.0025

a— PRESENT STUDY - SHI1L

o EXISTING NOCT - SHELL

HEIGHT (m)
4 88 83z 8

Do 100 2o N 1000

400 500 600
STRESS [N/mm?)

Fig.12 Meridional stress distribution

Circumferential Stress in Njfmm?
]
2

02
[ 45 0 15 180 25 I 15 360
Angle in degree

Fig.13 Circumferential stress distribution at
ring beam level
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Conclusions

Based on the present numerical investigation
which includes circumferential  pressure
variation along the periphery as well as
deflection control along the height of the tower
for various wind incidence angle, the following
conclusions are drawn:

The highest net pressure coefficient is obtained
as 1.436, when the wind incidence angle is about
0°. The value approaches to a minimum value of
about -0.934, when the wind incidence angle is
about 330° and occurring at about 105° angle.
The deflection of the shell and Raker column
predicted by present study is more by about
19.4% and 24% respectively compared to
existing structure.

It can be observed that, Meridional stress is
8.86% more in present study compared to
existing structure and circumferential stress is
about 9.43% more compared to existing
structure.

The results of present study are in close
agreement with the existing NDCT. Thus, the
numerical model is validated.
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ABSTRACT

The development of unmanned machining
systems has been a recent focus of
manufacturing research. The conventional
milling machine removes metal with a
revolving cutting tool called a milling cutter.
For this, CNC machines are in use. CNC
machine operates on part program. This
program includes several G-codes and M-
codes. This program is generated by skilled
operators. This may cause error in geometry.
Also increases labor cost. Thus new
technology of milling operation is
conceptualized to reduce these problems
using CAD/CAM. In this, firstly part design
is created in CAD software like CATIA, ProE
etc. This part design is fed in CAM software.
Accordingly, coordinates forms. Also
program is generated. According to that
program, cutting tool operates to produce
required part.

1 INTRODUCTION
1.1 Milling Machine

Milling machines were first invented
and developed by Eli Whitney to mass
produce interchangeable musket parts. The
milling machine removes metal with a
revolving cutting tool called a milling cutter.
With various attachments, milling machines
can be used for boring, slotting, circular
milling dividing, and drilling. This machine can
also be used for cutting keyways, racks and gears

and for fluting taps and reamers. Milling
machines are basically classified as being
horizontal or vertical to indicate the axis of the
milling machine spindle. These machines are also
classified as knee-type, ram-type,
manufacturing or bed type, and planer-type
milling machines. Most machines have self-
contained electric drive motors, coolant systems,
variable spindle speeds, and power operated table
feeds.
1.2 CNC milling machine

Computer Numerical Control (CNC)
Milling is the most common form of CNC.
CNC mills can perform the functions of
drilling and often turning. CNC Mills are
classified according to the number of axes that
they possess. Axes are labeled as x and y for
horizontal movement, and z for vertical
movement. CNC milling machines are
traditionally programmed using a set of
commands known as G-codes and M-codes. G-
codes and M-codes represent specific CNC
functions in alphanumeric format.

1.3 New technology

A table top mini milling machine is
produced. This milling machine is interfaced
with the CNC machine. Use of traditional
manufacturing system using CNC requires part
program to be fed by skilled operators. But
sometimes there may be error and inaccuracy in
manual part program. So as to reduce this error,
new technology is conceptualized. In this

2nd International Conference On Progress In Production, Mechanical And Automobile Engineering (ICPMAE-2015),
ISBN: 978-81-930280-7-0,4™ January 2015, Goa



Advances In Milling Machine Using CAD/CAM: A Review

technology, firstly part is designed in CAD
tool. This part is transferred to the CAM tool.
From geometry coordinates are generated and
using these coordinates program is generated.
According to program, cutting tool and
workpiece moves to produce required part.
2. LITERATURE REVIEW

21 C. Doukas et al has given
multisensory data for milling operations on the
estimation of tool- wear. A cutting depth of
0.5mm has been used along with a feedrate of
1000mm/min. The experiment has been
repeated at the spindle speed of 1350rpm and
2700rpm, to investigate the effect of cutting
speed on the wear level. Every 15 min the
process is paused and the inserts are removed
and inspected under an optical microscope for
the easurement of the tool wear level. This paper
shows the results of a preliminary experimental
investigation on tool-wear in end milling.
Spindle torque and vibration signals were
recorded during the process. A correlation
between measured signals and tool-wear was
attempted. Power consumption, as depicted from
the current draw signal, can be associated with
the sustainability evaluation of the milling
operation, due to their directly correlation to
the tool wear level.

Table 1. Setup Variables

Variables S=1350 S2700
Cutting 210m/min 420m/min
Speed

Feed Rate 1000mm/min

Depth of cut | 0.5mm

Feed per |0.15 0.5

tooth

A 3axis CNC knee mill, operating a
spindle of 5Hp is being used for machining and
it is capable of reaching approximately 3800
RPM. In order for the workpiece to be securely
positioned on the machine table, an adaptor
plate has been designed and manufactured,
while also allowing the positioning of the
acceleration sensor as close to the machining area
as possible. Straight cutting passes have been
performed, alongside the Y-axis of the machine,
to minimize effects of feed direction changes.
A cutting depth of 0.5mm has been used along
with a feed rate of 2000mm/min. The experiment
has been repeated at the spindle speed of
1350rpm and 2700rpm, to investigate the effect
of cutting speed on the wear level. Every 15, 5
min the process is paused and the inserts are

removed and inspected under an optical
microscope for the measurement of the tool
wears level.

2.2 Adam Hansela et al, has given
idea for improving CNC machine tool
geometric  precision using  manufacturing
process analysis techniques. With the ever
increasing demands for higher and higher
accuracy on modern CNC equipment, the
manufacturing processes for machining and
assembling the structural components are an
increasingly important factor in establishing a
geometrically correct machine tool.
Specifically, flatness, perpendicularity,
parallelism, and straightness of interfacing
surfaces determine whether the machine tool's
basic accuracy. Exhibiting less geometric error
allows other errors such as thermal growth,
ball screw pitch error, and control error to be
isolated and more easily corrected.

2.3.1 Jig and fixture design Parts of the
machine tool are assembled in separate units
as much as possible for optimal efficiency. X
and Z rails are installed directly onto the bed,
but the Y-axis rails are installed to the column
in an independent station. For assembly
workers to efficiently place and measure the
rails during installation and adjustment, the
column must be placed in the horizontal
orientation on a jig with the rails facing
upward. For stability and safety, a four point
fixture was originally designed The geometric
errors are predominately a factor of the
machine tool machining and assembly process.
Multiple orientations during fixturing in both
assembly and machining result in significant
distortions to the final assembled product. These
are a result of cutting forces, fixturing
deformations, gravity deformations, and bolt
force deformation. By analyzing each process in
detail using virtual simulation techniques, a
high- fidelity model of the corresponding error
at each manufacturing step can be achieved
that is not physically measurable due to
constraints of measurement equipment. Using
simulated data as offset data in the machining
process as well as in the jig and fixture design
ensures a geometrically accurate final product.

2.3 Masakazu Soshia et al, has given the
concept of Spindle rotational speed effect on
milling process at low cutting speed. The
spindle rotational speed fluctuates during
milling due to intermittent cutting forces
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applied to the spindle, but the speed effect
when machining with a relatively large cutter at
low cutting speeds is still not clear. Table 1
shows the basic specifications for the motor.
The maximum rotational speed and torque of the
servomotor is 5,500 min-1, and 700 Nm
respectively. The focus of this paper is to
investigate the effect of spindle servomotor
dynamic characteristics on milling processes at
various rotational speeds. Based on the
simulation and experimental studies, it was
found that the cutting speed fluctuation is not
negligible at low operation speeds and that the
spindle servomotor dynamics affect the
machining process and tool life. Thus, it was
concluded that the spindle dynamics have to be
carefully evaluated and chosen when testing
machinability of metals, especially low

rotational milling applications typically
required for machining of difficult-to-cut
materials.

A physical cutting test was conducted on
a highly rigid 3-axis milling machine equipped
with the high performance PMSM. A milling
tool with a single insert was used to cut C55
carbon steel, and the results were compared to
the simulation in order to verify model. The
commanded rotational speed was set to 260
min-1 with required cutting torque of
approximately 270 Nm. By adjusting the gain of
the  servomotor  controller the high
performance PMSM bandwidth was reduced to
100 Hz. The simulated motor response against the
same torque at the same commanded rotational
speed of 260 min-1. The predicted reduction in
spindle speed and overshoot were relatively
accurate, although there are differences while the
cutter was engaging the material. This is
mainly due to the torque disturbance being
molded as a continuous input compared to the
more complex physical torque profile, however
this detail was not critical for the study.

2.4 Xiaoyan Zuo et al, revealed
integrated geometric error compensation of
machining processes on CNC machine tool".
This paper presents an integrated geometric
error  model of machining system and
compensation method on machine tools.
Regarding a machine tool, fixtures, workpiece
and tool as an assembly, an integrated geometric
error model has been established.

The integrated error is modeled by the
propagation and the accumulation of errors based
on Jacobian-Torsor theory. It is different with
previous model, in this model; all the
geometric errors of machining system are
converted into the machine tool instead of the
workpiece machining surface. As is well known
in the machine tool, there are 21 geometric error
of a 3 axis milling machine tool, which can be
measured by laser interferometer. Based on this
integrated model and machine tool error, the
combination of geometric errors of machining
system reflect on the machine tool can be
predicted. Finally, a new compensation method
is proposed to realize the error compensation,
NC program is corrected corresponding NC
codes according to the predicted errors during
virtual machining before it is fed to the actual
machining.

2.5 B. Denkenaa et al, has suggested
adaptive cutting force control on a milling
machine with hybrid axis configuration. In the
re-contouring process of aircraft engine
components, the unknown geometry and
inhomogeneous material properties of the
workpiece are major challenges. For this reason
a new repair process chain is supposed which
consists of noncontact geometry identification,
process simulation and NC-path planning,
followed by a force controlled milling process.
A new milling machine prototype is employed
to ensure an effective force control loop. By
use of a magnetic guided spindle slide, higher
dynamics and precise tracking are enabled. Since
variation of the process forces result in variable
control plant characteristics, an indirect
adaptive controller has been designed.
Consequently, models of actuator and process are
presented and the estimation of the present
parameters by a recursive least square algorithm
is outlined. Once the parameters are known, the
control polynomials are calculated on the basis
of a pole placement control approach. First
experimental results of a force controlled
milling process are put forward.

2.6 Matti Rantatalo et al, has given
idea for milling machine spindle analysis using
FEM and non-contact spindle excitation and
response measurement. In this paper a method
for analyzing lateral vibrations in a milling
machine spindle is presented including finite-
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element modeling (FEM), magnetic excitation
and inductive displacement measurements of
the spindle response. The measurements can be
conducted repeatedly without compromising
safety procedures regarding human interaction
with rotating high speed spindles. The
measurements were analyzed and compared with
the FEM simulations which incorporated a
spindle speed sensitive bearing stiffness, a
separate mass and stiffness radius and a
stiffness radius sensitive shear deformation
factor. The effect of the gyroscopic moment and
the speed dependent bearing stiffness on the
system dynamics were studied for different
spindle speeds. Simulated mode shapes were
experimentally verified by a scanning laser
Doppler vibrometer. With increased spindle
speed, a substantial change of the Eigen
frequencies of the bearing-related Eigen modes
was detected both in the simulations and in the
measurements. The centrifugal force that acted
on the bearing balls resulted in a softening of
the bearing stiffness. This softening was shown
to be more influential on the system dynamics
than the gyroscopic moment of the rotor. The
study performed indicates that predictions of
high speed milling stability based on 0 rpm tap
test can be inadequate.

2.7 Mohsen Soori et al, has given
concept of virtual machining considering
dimensional, geometrical and tool deflection
errors in three- axis CNC milling machines.
Virtual manufacturing systems can provide
useful means for products to be manufactured
without the need of physical testing on the shop
floor. As a result, the time and cost of part
production can be decreased. There are different
error sources in machine tools such as tool
deflection, geometrical deviations of moving
axis and thermal distortions of machine tool
structures. Some of these errors can be
decreased by controlling the machining process
and environmental parameters. However other
errors like tool deflection and geometrical
errors which have a big portion of the total
error, need more attention.

This paper presents a virtual machining
system in order to enforce dimensional,
geometrical and tool deflection errors in three-
axis milling operations. The system receives 21
dimensional and geometrical errors of a

machine tool and machining codes of a specific
part as input. The output of the system is the
modified codes which will produce actual
machined part in the virtual environment.

2.8 Chana Raksiri et. al, has revealed
geometric and force errors compensation in a
3-axis cnc milling machine. This paper
proposes a new off line error compensation
model by taking into accounting of geometric
and cutting force induced errors in a 3-axis CNC
milling machine. Geometric error of a 3-axis
milling machine composes of 21 components,
which can be measured by laser interferometer
within the working volume. Geometric error
estimation determined by back-propagation
neural network is proposed and used separately
in the geometric error compensation model.
Likewise, cutting force induced error
estimation by back-propagation neural network
determined based on a flat end mill behaviour
observation is proposed and used separately in
the cutting force induced error compensation
model. Various experiments over a wide range
of cutting conditions are carried out to
investigate cutting force and machine error
relation. Finally, the combination of geometric
and cutting force induced errors is modeled by
the combined back- propagation neural network.
This unique model is used to compensate both
geometric and cutting force induced errors
simultaneously by a single  model.
Experimental tests have been carried out in
order to validate the performance of geometric
and cutting force induced errors compensation
model.

29 B. Lauwers, et. al, introduced
efficient NC- programming of multi-axes
milling machines through the integration of
tool path generation and NC-simulation. This
paper describes the development of an
"extended CAM system" for multi-axes
milling, integrating tool path generation, axes
transformation (post processing) and NC-
simulation. The system performs an immediate
verification of each generated cutter location
and in case a collision occurs (e.g. between
machine and part), it takes the appropriate
action by applying a collision avoidance
algorithm.  Different  collision  avoidance
algorithms have been implemented: change of
tool orientation, selection of other machine
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axes configurations and simple tool retract. The
effect of a tool orientation change on the
quality of the machined surface has been
studied in order to define the range of tool
orientations that may be used for collision
avoidance.

The off-line generation of collision
free NC- programs for multi-axes milling
operations mostly proceeds in two sequential
steps. In a first step, the CAM module (tool
path generation) calculates the trajectory of the
milling cutter. Each tool posture is described by
its tool tip (x,y,z) and tool orientation (i,j,k),
both expressed in a workpiece co-ordinate
system. Advanced CAM systems allow
checking the tool path for micro (gauging) and
macro collisions. Research and development on
the avoidance of micro collisions is reported.
Collisions between the tool (+ tool holder) and
non-cutting areas of the part are classified as
macro collisions. Most CAM systems retract the
tool in case macro collisions occur, while only
a few propose a collision avoidance algorithm
by changing the tool orientation. In a second
step, the tool path, output as a CLDATA- file,
is converted by a NC-postprocessor to a
machine specific NC-program.
3.CONCLUSION

This paper provides the details of the
research work which has been carried out in
the milling operation under various conditions.
This milling machine is a very crucial element
of any operation. The proposed mechanism
uses CAD/CAM software for milling operation.
Traditional CNC milling machine uses
manually generated NC part program. This
may cause manual error in part program. Thus
to avoid this error, new technology is
conceptualized. CAD/CAM software makes it
easier to generate NC part program directly
from given geometry. So it reduces error,
increases efficiency and improves accuracy.
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Abstract- The sandwich construction has
been recognized as a promising concept for
structural design of light weight systems such
as wings of aircraft. The strength evaluation
J-nose sandwich panel of an aircraft wing
under various types of loading. The sandwich
composites are multilayered materials made
by bonding stiff, high strength skin facings to
low density core material. The main benefits
of using the sandwich concept in structural
components are the high stiffness and low
weight ratios. A sandwich construction,
which consists of two thin facing layers
separated by a thick core, offers various
advantages for design of weight critical
structure. These structures can carry in-
plane and out-of-plane loads and exhibit
good stability under compression, keeping
excellent strength to weight and stiffness to
weight characteristics. Depending on the
specific mission requirements of the
structures, glass fiber reinforced polymer
composites are used as the material of
facings skins. The core shape and material
may be utilized in the construction of
sandwich among them; it has been known
that the glass fiber reinforced polymer with
honeycomb core has excellent properties
with regard to weight savings and fabrication
costs. In order to use these materials in
different applications, the knowledge of their
static behavior is required and detailed
design procedures are presented for

determining deflections of sandwich beams
or panels and buckling of sandwich columns
and simply supported panels under edge
load. The modes of failure of sandwich under
various loadings are illustrated and a better
understanding of the various failure
mechanisms under static loading condition is
necessary and highly desirable.

The objective of this study is to develop a
modeling approach to predict response of
composite sandwich panels under static
bending conditions . The different models
including Mono-core and Multi-core were
modeled in advanced finite element software.
Comparison of mono core and multi core
model predictions with experimental data on
sandwich panel bending properties helped in
establishing appropriate modeling approach.
Analytical solutions were also used to verify
the some of the mechanical properties such
as bending stress and shear stress with the
MSC NASTRAN/PATRAN results.

The sandwich panel consists of 2 layers of
face sheets (Glass fiber reinforced polymer
composites), with ply 1 has 0.3 mm thickness
& ply 2 has 0.1 mm thickness and core
(Mono and Multi core) is present between
top and bottom face sheets which has 19.2
mm (Mono-core) and 9.4 mm (Multi-core)
thickness.

Key words-Aircraft ,wing, Multilayer sandwich
composite, sandwich panel, FEM, analytical
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solution, MSC NASTRAN/PATRAN, glass
fiber, Nomax flex core.

1. AIR CRAFT
Aircraft heavier than air flying machine,
supported by aero foils, designed to

obtain,when driven through the air at an angle
inclined to the direction of motion,are action
from the air approximately at right angles to
their surface, the major parts of an aircraft
with different composite materials such as
CFRP,GFRP,Hybrid,Glare  and majorly
honeycomb is used in aircraft to reduce the
weight as shown in Fig.1.

mm CFRP
GFRP
Hybrid (C +G)
Glare

Vertical Stabilizer

HAilerons

| Horlzontal Stabilizer
Cut Box

Flap Track Fairings b Tail Cone
Con

]

Leading Edgel J N — |
e ¥ g Pressure Bulkhead
!ﬂj’ o= Upper-Deck Floor Beams
, Belty Fairing Skins
Radome 1
Trailing Edge Upper and
Lower Panels and Shroud Box
Maose langing Spailers
Gear Doors

Main and Centar
Landing Gear Coars

Main Landing Gear Leg Fairing Daor

Pylan Fairings

entral Torsion Box and Nacelles Cowlings

Mot Shown: CFRP
Passenger Floor Panel
and Struts

Fig.1The major parts of an aircraft with
different composite materials

I .WINGS
Providing lift is the main function of the wings
of an aircraft. The wings consist of two
essential parts. The internal wing structure as
shown in Fig.2, consisting of spare ribs,
stringers, and the external wing, which is the
skin. Ribs give the shape to the wing section,

support  the skin  (prevent  buckling),
Aerodynamic forces not only bend the wing,
they also twist it.

Fig.2 Internal structure of the wing.
The sand wich panels are most commonly used
in air craft’s to increase the strength. Most of

the critical areas in J nose panel of an aircraft
wing are lot of skin imperfections and core
failure modes, therefore to increase stiffness
and core strength in j-nose panel of an aircraft
wing, a wing leading edge formed from

honeycomb material and glass fiber reinforced
composite

polymer as shown in Fig.3.

Gl o piastics sandust e cone

Fig.3 A wing leading edge formed from
honeycomb material and glass fiber reinforced
polymer composite.

1. INTRODUCTION

Composite  sandwich panel have been
increasingly used in aerospace industry for
various applications such as floor panels,
comportment partitions, bulkheads, and even
the skin and wings. It is important to design
light weight structure for aircraft operations,
sandwich panel serves this requirement. The
sandwich composites are multilayered materials
made by bonding stiff, high strength skin
facings to low density core material. The main
benefits of using the sandwich concept in
structural components are the high stiffness and
low characteristics. In order to use these
materials in different applications, the
knowledge of their static behavior is required
and a better weight ratios. These structures can
carry in-plane and out-of-plane loads and
exhibit good stability under compression,
keeping excellent stiffness and strength to
weight understanding of the various failure
mechanisms under static loading condition is
necessary and highly desirable.

M.M. Venugopal and S K Maharana [1]In this
paper sandwich composites are multilayered
materials made by bonding stiff, high strength
skin facings to low density core material. These
structures can carry in-plane and out-of-plane
loads and exhibit good stability under
compression, keeping excellent strength to
weight and stiffness to weight characteristics. In
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order to use these materials in different
applications, the knowledge of their static
behavior is required and a better understanding
of the various failure mechanisms under static
loading condition is necessary and highly
desirable.Belouettar and Abbadi [2] presented
experimental investigation of static behavior of
composite honeycomb material made up of
aramide fibers and aluminium cores are
investigated through four point bending test.
The local and global parameters considered to
evaluating behavior of sandwich composite, but
results are not accurate due to the only
experimental study is shown there is no
comparison made with any other analytical
method. Meyer-Piening [3] suggested that local
failures in sandwich structures often occurred
because of a lack of awareness of designers of
important aspects such as the distribution of
displacements through the thickness, axial
forces in the face sheets, and the difference
between the vertical deflections of upper and
lower face sheets. Kemmochi and Uemura [4]
investigated the stress distribution in sandwich
beams made of three kinds of photo elastic
materials under four-point bending. Juli F
Davalos and Pizhong giao [5] studied design
modeling and experimental characterization of a
FRP honeycomb panel with sinusoidal core
geometry in the panel and extending vertically
between face laminates. The finite element
modeling of test sample is conducted. The result
correlates with analytical prediction and
experimental values excellent matching is
achieved between results.

A.Bezazi and A EI Mahi [6] studied
analysis of stiffness during static test of
sandwich panels and their components.
Sandwich panel made of glass fiber and epoxy
resin, are subjected to three point bending tests,
poly vinyl chloride cores of different densities
were investigated in this study, the effect of
core densities and its thickness on the behavior
is highlighted this paper proves that sandwich
structure has better mechanical characteristics
compared to its components. Engin M, Reis and
Sami.H.Rize kalla [7] presented material
characteristics of 3D FRP sandwich panel this
paper investigated, flexural, shear, tensile and
compressive behavior of sandwich panel face
sheet made of FRP and GFRP with foam core
the top and bottom face sheets connecter with
thick fibers, this paper summarized extensive

experimental ~ program  discussed  many
parameters to evaluate sandwich panel
behaviors. Jamal Arbaoui, Yves Schmitt and
Franc,ois-Xavier Royer [8] in this paper, an
experimental  investigation, an analytical
analysis and a numerical model of a typical
four-point bending test on a polypropylene
honeycomb multi-layer sandwich panel are
proposed. The polypropylene honeycomb core
is modelled as a single solid and multi-layer of
equivalent material properties. Analytical and
numerical (finite element) homogenization
approaches are used to compute the effective
properties of the single honeycomb core and
analytical homogenization of the multi-layer
one. The results obtained by numerical
simulation  (finite element) of four-point
bending are compared with the experimental
results of a polypropylene honeycomb
core/composite facing multi-layer sandwich
structures

IV. DESCRIPTION OF PROBLEM

The four point bending test composite ( nomax
flex core) sandwich panel of size 700 mm x 75
mm x 20 mm, under uniform static four point
bend loading was considered. The sandwich
panel consists of 2 layers of face sheets (Glass
fiber reinforced polymer composites), with ply
1 has 0.3 mm thickness & ply 2 has 0.1 mm
thickness and core (Mono and Multi core) is
present between top and bottom face sheets
which has 19.2 mm (Mono-core) and 9.4 mm
(Multi-core) thickness. The face plate laid
stacking sequence is [0/90]. A sandwich panel
that consists of GFRP face sheets and Nomax
Flex core has been considered for the analysis.

V.FINITE ELEMENT MODELING

The finite element software was used to model
the sandwich panel, in this analysis both mono
core and multi core models are created by using
following element type based on convergence
test and it is used throughout the study 2D-non
linear layered shell element called shell 91 is
used for modeling of thick sandwich structures
this has ability to take up to 100 layers. 3D 8
nodded multi layered solid element called as
solid46, is used to model for 3D sandwich panel
this element takes orthotropic material
properties, layered material direction angles and
layered thicknesses. The geometry, nodal
locations and coordinate system of the elements
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are shown on the Fig.4, and also the core uses
3D anisotropic structural solid element called
solid64. This element has eight nodes having
three degree of freedom at each node;
translation in x, y, and z directions. The element
has stress stiffening and large deflection

capabilities and the element has various
such

applications, for and

composites.

as crystals

Element

Loordnales

or KREF=0 MNOP

" &
Z &
| 1K L
Y \ X

P J BOTTOM (Tetrahedral Opticn

« not recommended)

x, = Element x-aas if ESYS is not supplied

1= Element x-ans FESYS is suppled.

Fig.4 Element geometry of 3D layered solid
element.

Fig.5 Finite Element modeling of composite
panel

sandwich 3D Mono Core.

Fig.6 Finite Element modelling of composite
sandwich panel — 3D MultiCore.

The solid model accounts for a three
dimensional nature uses solid layered element
to model the two face sheets and anisotropic
solid element used for model core. This 3D
sandwich  panel model was able to
accommodate both orthotropic and anisotropic
material properties. Finite Element modeling of
composite sandwich panel — 3D Mono Core as
shown in Fig.5 & Finite Element modelling of
composite sandwich panel — 3D MultiCore as
shown in Fig.6.

VI.MATERIAL OF
SANDWICH PANEL

The four point bending test composite sandwich
panel of size 700 mm x 75 mm x 20 mm, under
uniform static four point bend loading was
considered. The sandwich panel consists of 2
layers of face sheets, with ply 1 has 0.3 mm
thickness & ply 2 has 0.1 mm thickness and
core (Mono and Multi core) is present between
top and bottom face sheets which has 19.2 mm
(Mono-core) and 9.4 mm (Multi-core)
thickness. The material properties of composite
sandwich panel are given by Table.1. Material
Properties of composite sandwich panel — Mono
core as shown in Fig.7 & Material Properties of
composite sandwich panel — Multicore as
shown in Fig.8.

PROPERTIES

Material Ply Core
E;; Mpa 28800 1
E,,» Mpa 28800 1
E;5 Mpa 28800 240
G, Mpa 3000 1
G,; Mpa 337 30
G,3 Mpa 3000 48
Vi) 0.13 0.5
Vi3 0.01 0.0
Vi3 0.13 0.0

Table.l Material
sandwich panel.

properties of composite

Fig.7 Material Properties of

sandwich panel —Mono core

composite

of

Fig.8 Material Properties
sandwich panel — Multi core

composite

VII.BOUNDARY CONDITIONS
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The Fig.9 shows the boundary conditions
adapted for analyzing sandwich panel. The two
supporting points of either end of panel is fixed
at translation at Z=0 and static bending load is
applied opposite to the supporting point and
Below Fig.10 shows four point bending test
specimen dimensions. FEA Set-up of Bending
Test (Loads and BCs) For Mono-core Sandwich
Panel as shown in Fig.11 & FEA Set-up of
Bending Test (Loads and BCs) For Multi-core
Sandwich Panel as shown Fig.12.

ﬁur
S
B

Fig.9 Load applications and boundary condition

Pr2 Pr2

| |'|l -
113 =

Z

F/2 T2

h
1,23 X
= s Fig.11
FEA Set-up of Bending Test (Loads and BCs)
For Mono-core Sandwich Panel
2 F/2 F/2

l

X

1,2,3

2,3,6

Fig.12 FEA Set-up of Bending Test (Loads and
BCs) For Multi-core Sandwich Panel.

VIIL.FAILURE MODES
Designers of sandwich panels must ensure that
all potential failure modes are considered in
their analysis. A summary of the key failure

modes is shown below:
FAILURE MODE DESCRIPTION FAILURE MITIGATION
+ CoreWrinkling + Choosethin core or
Buckiing over many cels| thick skin
I P E———
0o, =0.s:£,{i linunil
’ L..d':_|
+ Infracell Dimpling * Choose small cell size
Buckling in single cell I I
£<0y, =JL—{JFI
* Core Crimping * Choosethick core or
Combined skin bucking | ™ stronger core
| ||'.
= =
T4 =£ nnll [
.y =
J 1

IX.FEA VALIDATION

FEM validation has been carried-out by
considering the composite sandwich panel and
the properties that are published in journal
paper (Ref. 1).

The validation study of composite sandwich
panel of size 800 mm x 300 mm x 17.4 mm,
under uniform static four point bend loading
was considered. The sandwich panel consists of
8 layers of face sheets, each 0.15 mm thickness
and core is present between top and bottom face
sheets which has 15 mm thickness. The face
plate has the stacking sequence [45/-45/0/90].

'
Translation - Ux (1), Uy(2), Uz(3)
Rotatoin - Rx(4), Ry(5), Rz{6)

Below Fig.13 shows four point bending test
specimen dimensions of a journal paper (Ref. 1)

P/2 2

Rt A dimassiorny are in e

Fig.13 Four Point Bending Test Specimen
X.RESULTS AND DISCUSSION

An application, a full size GFRP honeycomb
panel of size 700 mm x 75 mm x 20 mm is
tested under static four point bending and also
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analyzed by FE method. The panel bottom
surface is simply supported over a span 700mm
and subjected to a pitch load. Four point loading

core). The height of the sandwich remains same
i.e. 20 mm for all the cases as shown in Table 3
and deflection plot for Loadcase las shown in

Deflection, mm % Comparison Fig.17,for every load case deflection of FEM
Load | Load Mono Mono . .
Multi result can be obtaind, those results comparison
(P) Kgl (P) N Core (LW-| Core C Result | Result | Result .
dir) | (widi) | “°"®| 1vs2 | 1vs3 | 2vs3 | of deflection for all the load cases
(Experimental Vs FEM) as shown in the Table
100 | 981 11.83 12.34 12.3 | -4.31% | -3.97% | 0.32% 4
200 | 1962 | 23.66 24.68 24.6 | -4.31% | -3.97% | 0.32%
300 | 2943 | 35.49 37.02 36.9 | -4.31% | -3.97% | 0.32%
400 | 3924 | 47.32 49.36 49.2 | -4.31% | -3.97% | 0.32% . .
Table.2 Comparison of 3D deflection for all
500 | 4905 | 59.15 61.70 61.5 | -4.31% | -3.97% | 0.32% .
— - - - the load cases (Mono & Multi core)
condition are applied at mid span to simulate
symmetric condition. FE method is conducted Le——w | Monocoe flesulct
at two modeling condition: (1) Mono core L
Sandwich panel model, (2) Multi cores : Mono-core Result 2
Sandwich panel model, for each model ) w
condltlpn, the deflect_lons were recorded at mid II . jw o —
span with corresponding stresses. w
A sandwich panel with equivalent 2 layers (top
and bottom faces and core) is modeled. For ] Deflection, mm
simplicity and verification purposes, the (II:))aKg Mono Core | Mono Core | Multi core | Multi Core | Multi Core
equivalent properties obtained for face (LW-dir) | (WL-dir) [ (2cores) | (3cores) [ (5 cores)
laminates and core are used directly in the Thickness | Thickness | Thickness | Thickness | Thickness
modell In case Of Mono core Sandwich panel Core =19.2|Core =19.2|Core =18.8|Core =18.4| Core =18.0
del the face laminates and core are each Total Face | Total Face | Total Face | Total Face | Total Face
mo ! _ X sheet = 0.8 | sheet =0.8 | sheet=1.2 | sheet = 1.6 | sheet=2.0
modeled in single layer using 8—r_10ded shall [0 1163 1234 123 12.02 9.06
element called SH_ELL91. The displacement [500 T 23.66 24,68 246 2400 1812
contours obtained from MSC [ 300 | 3549 37.02 36.9 36.06 27.18
NASTRAN/PATRAN, Deflection plot of |400| 4732 49.36 49.2 48.08 36.24
composite sandwich panel — Mono core (LW) [500 | 59.15 61.70 61.5 60.1 453

for Load case 1 are shown in Fig.14. In case of
3D Sandwich panel model the face sheet and
core are modeled in three different layers using
8-noded solid elements called SOLID 46 for
two face sheets and SOLID 64 for Core. The
displacement contours obtained from MSC
NASTRAN/PATRAN. Deflection plot of
composite sandwich panel — Mono core (WL)
for Load case 1, are shown in Fig.15&
Deflection plot of composite sandwich panel —
Multi core for Load case 1,as shown in Fig.16
Comparison of 3D deflection for all the load |
cases (Mono & Multi core) as shown in Table 2,

the mono core and multi core Sandwich panel :
FE predictions based on equivalent material
properties compare favorably with experimental
data.

The 3D-Results comparison— Multicore (2

layers of core,3 layers of core and 5 layers of

Table 3. 3D-Results comparison— Multicore (2
layers of core,3 layers of core and 5 layers of
core). The height of the sandwhich remains
same i.e. 20 mm for all the cases.

Fig.14 Deflection plot of composite sandwich
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panel — Mono core (LW) for Load case 1

Fig.15 Deflection plot of composite sandwich
panel — Mono core (WL) for Load case 1

Fig.16 Deflection plot of composite sandwich
panel — Multi core for Load case 1

Load Load |Experimen _

Case P) tal, FE Deflection, N

KN mm mm Deviation

1 2 4.6 4,53 1.52%
2 2.5 59 5.85

3 3 6.9 6.83

4 35 8 7.97

5 4 9.1 9.05

6 4.5 10.3 10.26

7 5 115 11.48

8 5.5 12.7 12.67

9 6 13.8 13.73

10 6.5 15.2 15.16

11 7 16.2 16.18

12 75 17.3 17.26

13 8 18.4 18.33 0.38%
14 8.5 19.7 19.67

Table.4 Comparison of deflection for all the
load cases (Experimental Vs FEM)

Fig.17 Deflection plot for Loadcase 1

XI.CONCLUSIONS

This paper presents a combined Finite element
modeling and experimental analysis of glass
fiber composite sandwich panel. The core
consists of Nomax honey comb structure
presented in between top and bottom face
laminate. The emphasis of this study is on
evaluation of deflection, under static four point
bending condition. The mono core and multi
core FE model predictions correlate with
experimental results of Sandwich specimen.
The predicted deflection in this study is success
fully matching the response of glass fiber
composite sandwich panels. The multicore FE
model under static loading condition is closely
matching  with  experimental  deflection.
Displacements reduces on increasing the
numbers of cores. This may be because
increasing the number of ply layers which adds
to stiffness.
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Abstract— High Velocity Oxy-Fuel (HVOF)
spraying of Inconel-718 powders on mild steel
sheets is carried out. Three-point bending tests
are carried out to examine the mechanical
properties of the coating. Stress fields
developed during the tests are simulated
using Finite Element Method (FEM). ANSYS
package is used to predict the stress field.
Three- and two-dimensional modeling of the
coating and substrate material are considered
and the predictions of load-displacement
characteristics are compared with the
experimental results. Since two-dimensional
predictions agree well with the experimental
data, two-dimensional model is employed in
the simulations. Consequently, crack initiation
and propagation at coating and substrate
material interface occurring may be
determined, similarly above steps were
carried out for different thickness and for
different loading conditions of coating
materials.

Index Terms— Bending Stresses, Inconel-718,
Coating materials, Mild Steel Substrate.

I. INTRODUCTION

High velocity oxy-fuel (HVOF) deposition
is widely used in industry as protective coating
of various materials. In HVOF coating process,

powders are inserted in a gas stream with a
high flame temperature; therefore, the
particles are heated rapidly and accelerated
almost the same speed of gas jet. The velocity
of the particle reaches well above the speed of
sound before impacting onto the work piece
surface. The splats (powder at molten state in
the jet) make bonds to the substrate surface
through mechanical locking onset of impacting.
HVOF spraying can produce high quality and
low porosity coatings, which may have good
interface properties. Coating is a covering that
is applied to an object. The aim of applying
coatings is to improve surface properties of a
bulk material usually referred to as a substrate.
One can improve amongst others appearance,
adhesion, wetability, corrosion resistance, wear
resistance, scratch resistance, etc. They may be
applied as liquids, gases or solids. The thermal
spray is to melt material feedstock (wire or
powder), to accelerate the melt to impact on a
substrate where rapid solidification and deposit
buildup occur.

High velocity oxy fuel (HVOF) coating is a
thermal spray technique used to deposit
protective coatings on a substrate. A blend of
fuel (gaseous or liquid) and oxygen is injected
into a torch and burned. The combustion
products flow through a nozzle, that the stream
of hot gas and powder is directed towards the
surface to be coated. HVOF thermal spray
applications are in the fields of Aerospace,
Power generation, Automotive, Transportation
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/ Heavy equipment, Printing and paper / pulp
equipment, Glass manufacture, Metal
processing, Textile machinery, General
industry, Petrochemical, etc.

During bending, the cohesion was found
to be good enough for the cracks to traverse
splats, linking thermal cracks, rather than
following the splat boundaries. The absence of
any notable, influence of the coating particle
size on the critical strain can thus be explained
by the large number of thermal cracks that are
generated irrespective of the powder size used.
Different coating materials, however, resist
thermal cracking differently. This is believed to
be the main reason for the differences in
critical strains.

-
r N
‘\__;
> \A._

Fig.1 Inconel-718 Powder

Fig.2 Mild Steel substrate

Inconel-718 is a precipitation
hardenable nickel-chromium alloy containing
significant amounts of iron, niobium, and
molybdenum along with lesser amounts of
aluminum and titanium. A substrate material of
Dimension 100*150*1.75 mm for coatings is
manufactured from 12% Cr Mild Steel.

Il. Methodology

Grit Blasting Process;

Abrasive grit blasting is the process by
which an abrasive media is accelerated through
a blasting nozzle by means of compressed air.
The grit blasting process is used to prepare all

the samples for thermal spraying to achieve
good bond between the coating and the
substrate. The substrate namely Mild Steel
(MS) have been grit blasted using the Alumina
abrasives of particle size 80 microns using the
grit blasting machine shown in fig.3.
Compressed air of pressure 10 bar was used for
all the blasting operations to obtain the desired
roughness of the surfaces suitable for HVOF
process.

Fig.4 Grit blasted sample surface
High velocity oxy-fuel thermal spraying process

I

Fuel & Op Gas
Control Equipment

L

Compressed Alr

HVOF
Spray Gun

T
Q

Water

Powder Feeder

Fig.5 Key components of HVOF spray
system

HVOF COATING PROCEDURE;

The HVOF setup installed is shown in
fig. The setup consists of gas cylinders, nozzle
system, 10HP compressor and control panel.
Before the spray process the following safety
checks are followed.

4 Check for gas leakages.

v Check for gas flow through the nozzle
using the manual operation mode in the
control panel.

v Ensure no clogging of nozzles.

4 Ensure powder filling before powder
carrier gas namely nitrogen is released into the
powder unit.
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4 Water levels in the vaporizing unit to be
monitored and refilled if necessary before
starting the spray processing.
4 Ensure the temperature of the
vaporizing is at 70°C before starting the spray
processing.
4 Check the levels of oxygen, nitrogen
and LPG fuel before starting the spray process.
Inconel-718 powders were sprayed
onto the grit blasted MS substrates a standoff
distance of 40cm was maintained for all coating
trials of samples. All the coating trials have
been conducted using the following optimized

process  parameters. Thermal spraying
parameter details as shown in table 1.
Table 1. Thermal spraying parameters
Oxyge | Fuel | Air Powde | Spray | Spray
n pr. | pr. r feed rate | distance
Pr. (kPa | (kPa | rate (kg/h | (m)
(kPa) |) ) (m3/h) |)
1030 600 | 715 0.78 0.27
6.25

Fig.6 HVOF Spraying Process

Fig.7 HVOF Coated Sample

MODEL PREPARATION;

NS

Force or load

Bonded Contact

FIX ALL DOF

Fig.8 Experimental & Analytical Model
Indent

Substrate Material

b\

Coating

1

Fig.9 Geometric configuration of the Specimen

Table 2. Geometric configuration values of the
Specimen

| b hs hc Pin (N)
(mm) | (mm) | (mm) | (mm)
44 150 1.75 | 0.25, 2000,
0.5, 3000,
1 4000

Bend tests were performed according to ASTM
Standard Method E 290-77 with a guided-bed
jig as described in ASTM Standard Method E
190-64.
IIl. RESULTS AND DISCUSSION
Below Fig.10 & Fig.11 Shows FEM analysis &
XRD of INCONEL-718 powder.

(a) Before Bending (b) After Bending
Fig.10 Sem Images of Inconel-718 powder
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Fig.11 Showing XRD peaks of INCONEL-718

The SEM micro-photographs of the
developed Inconel-718 coatings on Mild Steel
Substrates are shown in Fig.10. Its confirming
the presence of materials such as Ni,Co,Fe,Cr
there by confirming Inconel Matrix.

With reference to Fig.11 at about 40-45,
50-53 & 70-73 angle of degrees the Cr, Fe & Ni
particles present in Inconel-718 powder rises
from the pattern shows maximum height value
representing their presence, remaining values
shows the presence of other particles of
Inconel-718 powder in X-Ray Diffraction
patterns.

BENDING STRESS VALUES
Table 3 shows the Experimental and
Table 4 shows the Analytical results.

Table 3. EXPERIMENTAL

Coating Load Load Load
Thickness
2000 N 3000 N 4000 N
Without 287.35 431.03 574.71
Mpa Mpa Mpa
0.25 mm 221.34 334.12 445.14
Mpa Mpa Mpa
0.5 mm 173.83 260.74 347.66
Mpa Mpa Mpa
1 mm 116.36 174.54 232.72
Mpa Mpa Mpa

Table 4. ANALYTICAL

Coating Load Load Load
Thickness
2000 N 3000 N 4000 N
Without 306.87 448.23 591.35
Mpa Mpa Mpa
0.25 mm 238.26 357.05 475.66
Mpa Mpa Mpa
0.5 mm 192.56 288.59 384.50
Mpa Mpa Mpa
1mm 133.12 199.41 265.43
Mpa Mpa Mpa

Below Fig.12 and Fig.13 gives Crack

initiation Crack initiation after bend test
Bended samples.

Fig.12 Crack initiation after Bend test

Fig.13 Bended sample

As the coating thickness is increasing its
Bend deflection is decreasing and if no coating
means its deflection is maximum. Due to
bending stress the sample get initiation of
crack at the point of contact and if stresses are
exceeding means the crack propagates and
sample will gets failure in the form of Ductile
fracture.
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Below Fig.14 Shows Ansys result for 0.25mm The below plot shows Bending stress v/s Load
thickness at 2000N load condition for 0.25mm coating thickness as shown in
0.25 thick,_2000N flg.17

500

0.25 mm thickness

450 o

400 H

350

300

Bending stress in Mpa

250 o

T T T T T
2000 2500 3000 3500 4000
load in N

Fig.14 Von-Mises stress distribution
Fig.17 Graph of Bending stress v/s load for

0.25mm coating thickness

As 250 p thickness of Inconel-718 is
coated MS sample its Bending stress value
increasing gradually. Experimental and Ansys
values approach each other by slight variation
of errors.

The below plot Shows graph of Bending stress
v/s Thickness for 2000N Load as shown in fig.18

Load 2000 N

240 o
220
200
180
160

140 H

z
Bending stress in Mpa

120 H

T T
0.00 0.25 0.50 0.75 1.00 1.25
Thickness in mm

Fig.18 Graph of Bending stress v/s Thickness for
2000N load

As the Thickness is increasing means its
Bending stress value is decreasing for the load
Fig.16 Contour Plot of 2000 N is applied. Experimental and Ansys
values approach each other by slight variation
of errors.
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IV. CONCLUSION

The following conclusions were arrived
from analysis and experimental results for
Bending Stresses on coating materials.

> Inconel-718 Powder has been
successfully coated on Mild Steel substrate by
HVOF process.

> It was found that coated samples gives
less bending stress value than that of uncoated
sample showing that increasing of its strength
to resist to bending load.

> As the coating thickness increases its
resistance to Bending increases gradually.

> As the load increases with constant
thickness, its Bending stress also increasing
significantly.

> As the Thickness of coating increases
with constant Loading conditions, its bending
stress also decreasing significantly.

> Experimental and analytical values are
matching with small variations.
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Abstract— Aluminum matrix composites
(AMCs) reinforced with AL,O; Powder
particles are being used for high performance
applications such as automotive, aerospace,
military and electrical industries because of
their improved physical and mechanical
properties. In this research, Al2o3 and E-glass
fibers particles are synthesized by Solution
Combustion Synthesis process. The Al-6061
Aluminum alloy weight was constant at 1.5kg.
Reinforcements are 1.0, 2.0 and 3.0weight
percentages of the synthesized particles,
through Stir Casting Technique. The
composites were then characterized by three
tests tensile wear and hardness. The tests
were carried out for varying weight
percentage ratios of the reinforcement at
varying Solution Heat Treatment
temperatures of T6 and T86 conditions. The T6
is 4802C and 3hour heating all specimens.
After heating, we quench the specimens for
5sec, using water. The T86 is for ageing of
each 10 specimens using woven in that 1752 C
heat they left in 6hours.The hardness and
tensile were tests carried out for varying
weight percentage ratios of the
reinforcements with different ageing. Wear

tests were carried out for varying weight
percentage ratios of the reinforcements with
constant Conditions of Speed, Load and Time.
The proto type of tensile specimen created
with the suitable dimensions using CATIA V5
R17 software. The geometrical of model
specimens and its components are converted
from physical domain into computational
domain using discretizing the model using
HYPERMESH 10 software. To create a different
cell zones to apply boundary condition. The
results reveal that the Hybrid Metal Matrix
Composite (HMMC)’s containing 2.0 weight
percentage particle reinforcement has
improved mechanical properties.

Index Terms— AI-6061, Al203, Analysis,
E-glass, Hardness, T6, T86 (conditions),
Tensile, & wear.

[. INTRODUCTION

Aluminum is a relatively soft, durable, light
weight, ductile and malleable metal with
appearance ranging from silverative dull gray
depending on the surface roughness. It makes
up about 8% by weight of the earth’s solid
surfaces. It is a silvery white member of the
boron group of chemical elements. It as the
symbol Al and its atomic number is 13. It’s not
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soluble in water under normal circumstances.
Aluminium is the third most abundant element
in the Earth's crust and constitutes 7.3% by
mass. In nature however it only exists in very
stable combinations with other materials
(Particularly as silicates and oxides) and it was
not until1808 that its existence was first
established. It took many years of painstaking
research to "unlock" the metal from its ore and
many more to produce a viable, commercial
production process.

Fig 1: Aluminium Metal

Fig 1 shows Pure aluminium is a silvery-white
metal with many desirable characteristics. It is
light, nontoxic (as the metal), nonmagnetic and
no sparking Aluminium is the third most
abundant element in the earth’s crust, which
contains 8% aluminium. It is a constituent of
most rocks and in the form of aluminium
silicate it is an important source of clays
commercially, the most important source of
the metal is bauxite which contains 52% Al,o03,
27.5% Fe;03and 20.5% H,0. Bauxite is treated
with caustic soda and claimed at 1200° produce
high purity alumina. The alumina is then
smelted electrolytic cell to produce pure
aluminium. It is decorative and it is easily
formed, machined, and cast. Alloys with small
amounts of copper, magnesium, silicon,
manganese, and other elements have very
useful properties.

2. MATERIAL SELECTION
1. ALUMINUM ALLOY AL-6061,
POWDER, 3.E-GLASS FIBER
BASE MATRIX MATERIAL (AL6061)

2.AL,03

Fig 2: Al-6061 Ingots

Fig 2 shows Base matrix material constitutes
major part of the composite material. Matrix
phase supports the fibers (reinforcing material)
and keep them in their position, transfers the
load to strong fibers, protects the fibers from
damage and prevents cracks initiated at fiber
from propagating. Electrical properties,
chemical properties and elevated temp
behavior of the composite depend on the
matrix material in table 1and table 2.

Table 1: Chemical Composition Of Al-6061

S |Sili|Ir | Co | Man | Mag | Chro | Zi | Tita
L {co|o |pp |gane | nesiu | miu | nc | niu
n |n |er |se m m m
M 0. |01
a |0 [0 /044|015 |12% |0.35 |25 |5%
X |8 |7 |0% |% % %
% | %
M N | NO
in|0. |N [0.1]|NO 0.8% | 0.04 | O
i |4 |0 |5% %
%
Table 2: Physical Properties
De | Poi | Ela | Te | Yie | Elon | Har | Sh | Fat
nsi | sso | stic | nsil | Id gati | dne | ear | igu
ty | n's | Mo |e Str | on ss Str | e
(g/ | Rat | dul | Str | en (HB | en | Str
cc) | io us |en |gth 500 | gth | en
(GP | gth | (M ) (M | gth
a) (M | pa) Pa) | (M
pa) Pa)
70
2. |03 |- 12 | 55 | 25-3 | 47 12 | 90
70 | 3 80 |5 0% 5

REINFORCEING MATERIAL

The Foreign matter in the form of particulate
fiber or ceramids which are introduced into
base matrices material, to obtain a new
material with improved strength and hardness.
These foreign matters are known as
Reinforcing Materials. Example: Mica, E-glass,
Fly ash, AL;Os .........etc.
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AL,O3 powder

———

Fig 3: AL,O3 Powder

Fig 3 shows AL;Os is widely distributed
and occurs in igneous, metamorphic and
sedimentary regimes. Large crystals of AL,O3;
used for various applications are typically
mined from granitic pegmatite’s.AL,O; is a
clear transparent material (Aluminosilicate)
with a high dielectric strength, can withstand a
constant temperature of 550°C, and a melting
point of approximately 2250°C.

COMPOSITIONS
AL,O3 IS the typical nominal
composition of Ca

-1.6%,Co0-0.8%,Fe-0.2%,Na<300&Si-3.5%. the
melting points is 2200°C and density 3.6g/cc . It
is soluble at water<.2%,PH value (10%aqueous
suspension) =6.8-7.8.

PROPERTIES AND USES

AL;O3 has a high dielectric strength
and excellent chemical stability, making it a
favored material for manufacturing capacitors
for radio frequency applications. It has also
been used as an insulator in high voltage
electrical equipment. It is also birefringent and
is commonly used to make quarter and half
wave plates. Because Al;Os is resistant to heat
it is used instead of glass in windows for stoves
and kerosene heaters. The idea is to keep the
metal conductors from fusing in order to
prevent a short-circuit so that the cables
remain operational during a fire, which can be
important for applications such as emergency
lighting.

Illites or clay AL,Oss have a low caution
exchange capacity for 2:1 clays. K+ ions
between layers of AL;O3 prevent swelling by
blocking water molecules. Because AL;Os can

be pressed into a thin film, it is often used on
Geiger-Miiller tubes to detect low penetrating
Alpha particles.

E-GLASS

Fig 4: Shows E-Glass Short Fibers

Fig 4 shows E-Glass or electrical grade
glass was originally developed for standoff
insulators for electrical wiring. It was later
found to have excellent fiber forming
capabilities and is now used almost exclusively
as the reinforcing phase in the material
commonly known as fiberglass.

COMPOSITION

E-Glass is a low alkali glass with a typical
nominal composition of SiO; 54wt%, AL,O3
14wt%, CaO+MgO 22wt%, B,Os; 10wt% and
Na,O+K,O less than 2wt%. Some other
materials may also be present at impurity
levels.

3. EXPERIMENTAL PROCEDURE

An Electric Arc Furnace is a furnace (fig 5) that
heats charged material by means of an electric
arc. Arc furnaces range in size from small units
of approximately one ton capacity up to about
400 ton units used for secondary steel making.
Arc furnaces used in research laboratories and
by dentist may have a capacity of only a few
dozen grounds. |Ingots of AI-6061 are
pre-heated so as to remove the oil content and
other contents which are slicked to the surface
of the ingots. After pre-heating the ingots are
added into the furnace for melting. The ingots
are heated in the furnace up to their melting
point about750 C. Reinforcing materials Al,03
and e-glass of required composition are added
to the molten metal to obtain a required
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composite. Degasser (fig 6) is added at the right
time and temperature before reinforcement is
added.

o

rng

Fig 6: De-Gasser

Two halves of a mold is joined, and liquid metal
is poured into the mold through a hole in the
top. The metal is allowed to cool, and casting is
struck by separating the two halves of the
mold. Table 3 shows ratio of reinforcement and
matrix material is added in the furnace.

Table 3: Shows Ratio of Reinforcement and
Matrix Material (Weight In %)

Sl no % Al,03 % E-glass % Al-6061
AO 0(0gms) 0(0Ogms) 100(1.5kg)
Al 1(15gms) 1(15gms) 98
A2 1(15gms) 2(30gms) 97
A3 1(15gms) 3(45gms) 96
A4 2(30gms) 1(15gms) 97
A5 2(30gms) 2(30gms) 96
A6 2(30gms) 3(45gms) 95
A7 3(45gms) 1(15gms) 96
A8 3(45gms) 2(30gms) 95
A9 3(45gms) 3(45gms) 94
MACHINING

It is process carried out after the casting
process is completed; it is used to remove the
excess material from the test bar.
Machining(fig 7) is the process of removal of
excess of material from the work, which is
carried out in order to get down the casted
specimen to the required specifications by
making use of lathe.

Fig 7: Machining process.

HEAT TREATMENT
The procedure for heat treatment involves the
following steps
Solutionizing , Quenching and Two-step
aging
1. First step at lower temperature
2. Second step at higher temperature

Solution heat treatment

A treatment in which an alloy is heated
to a suitable temperature and held at this
temperature for a sufficient length of time to
allow a desired constituent to enter into solid
solution, followed by rapid cooling to hold the
constituent in solution. The material is thenin a
supersaturated, unstable state, and May
subsequently exhibit Age Hardening.

Quenching
Rapid cooling of hot metal by sudden dipping
of the metal into selected fluid medium is
known as quenching.
Aging
It is the change in the mechanical physical and
chemical properties of metals and alloys
resulting from the lack of thermodynamic
equilibrium in the original state and the gradual
approach of the structure to the equilibrium
state under conditions that permit a sufficient
diffusion rate for the atoms.

Fig 8: The Muffle Furnace
Single aging: This step is carried out at a
temperature of 480 +5°C for a period of 3hrs.

After 3hrs quench the specimens in water,
dipped in each 5sec is carried out (fig 8)
furnace
Double aging: After the first step aging, second
step aging is carried out at 175 +5°C for period
of 6 hrs.

2nd International Conference On Progress In Production, Mechanical And Automobile Engineering
(ICPMAE-2015), ISBN: 978-81-930280-7-0,4™ January 2015, Goa

42



Formation Of Mechanical And Tribological Properties Of AL-6061 Based Metal Matrix Composites With Water
Quenching

4. RESULTS AND DISCUSSION

BRINELL HARDNESS TESTING
Hardness is the measure of the
resistance of a metal to permanent (plastic)
deformation. The hardness of a metal is
measured by forcing an indenter into its
surface. The indenter material, it is usually a
ball, pyramid, or cone, is made of a material
much harder than the material being tested.
After the indentation has been made, the
indenter is withdrawn from the surface. An
empirical hardness number is then calculated
or read off a dial (or digital display), which is
based on the cross sectional area or depth of

impression.
Table 4: Brinell Hardness Values For Different
Composition
. Double
Samples Single aged
aged(BHN) (BHN)
Plain 87 86
Al 89 88
A2 91 92
A3 94 95
A4 92 93
A5 89 87
A6 87 85
A7 90 79
A8 82 76
A9 78 74
L e~
g < g s o)
E ;g =i Double aged (BHN)
E

No of samples

Fig 9: Hardness Number (BHN) V/S Number of
Samples Tha table 4 is BHN values fig 9 show
that BHN v/s sample numbers for plain (A3) AL-
6061 Aluminum alloy is greater value of 95 at
double aging. The A4(1% e-glass &2% Al,O3)
both are the almost same value of 93 single
and double ageing at 480°C & 175°C.
WEAR TEST
Wear can also be defined as a process where
interaction between two surfaces or bounding

faces of solids within the working environment
results in dimensional loss of one solid, with or
without any actual decoupling and loss of
material.
Table 5: Volumetric Wear Rate (pg/m) For
Single And Double Ageing

Single Double
Samples > .
ageing ageing
AO 0.53051 [ 0.59577
Al 0.52046 | 0.53051
A2 0.51030 | 0.26525
A3 0.39788 | 0.25524
A4 0.38781 | 0.24523
A5 0.26525 | 0.23521
A6 0.25512 | 0.22331
A7 0.24509 | 0.13263
A8 0.23495 | 0.12252
A9 0.22490 | 0.11241
oo\ N\
s NN o
# |
z S

No of samples

Fig 10: Specific Wear Rate V/S Number of
Samples
Table 5 Volumetric Wear Rate, The above fig 10
is clear shows that double aged specimens
have lesser wear rate compared to that of
single aged specimens. “Composition of,
3%Al,03 and 3% E-glass is better in the lot,
gives the minimum volumetric wear rate.
TENSILE TEST

Tensile testing, also known as tension testing is
a fundamental materials science test in which a
sample is subjected to uniaxial tension until
failure. Properties that are directly measured
via a tensile test are ultimate tensile strength,
maximum elongation and reduction in area.

Stress in [N/mm?] (+-Axis)
100

as0
a0
070
60
50
040
030
020
a0

oo
o o6 Lz 15 2.4 2.0 36 4.2 4.8 5.4 6.0
% Strain (4-Auis) -->
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Fig 11: Stress (N/Mm?) V/S Strain
Fig 11 shows the effect of aging on the ultimate
tensile strength of 2% AL203 and 1% E-glass
fiber metal- matrix composite it has been
reported that the addition of reinforcement to
aluminium alloys improves the yield strength
and the UTS of the composite where as the
strain to failure decreases as the weight
percentage of reinforcement increase.
Table 6: Ultimate Tensile Strength for Single
and Double Ageing

Single Double
Samples | aged(mpa | aged(mpa

) )
Plain 100.56 95.62
Al 112.87 103.3
A2 133.04 103.72
A3 146.55 121.86
A4 110.78 98.56
A5 106.37 101.61
A6 110.56 103.1
A7 116.29 106.88
A8 126.18 107.58
A9 117.23 105.76

AN

UTs

—+—single aged{mpa)
—m—Double agedimpa)

Plain A1 A2 A3 A4 A5 AB A7 AB AQ

No of samples

Fig 12: Ultimate Stress V/S Number of Samples

Table 6 is practical results & from the
Fig 12.In that increase in percentage of Al,0Os;
composition in aluminum hybrid composite
fetches little increase in Ultimate Stress as
compared to percentage increase of E-glass
composition which gives better Ultimate Stress
to the composite.

From the Fig 12 it is very clear shows
that single aged specimens have better
Ultimate Stress as compared to that of double
aged specimens for the A3 composition of
single aged specimen gives the maximum value
“Composition of 1% Al,0; and 3% E-glass is

better in the lot, as it gives the maximum
value”.
TENSILE ANALYTICAL RESULTS
Table 7: Nodal Solution of Ultimate Tensile
Stress for Single and Double Ageing

Single Double
aged
Samples in aged
Mpa in Mpa
Plain 102.85 | 98.14
Al 120.12 | 100.36
A2 125.12 | 110.48
A3 139.15 | 128.34
A4 129.56 | 117.45
A5 123.57 | 117.15
A6 123.17 | 109.19
A7 124.75 | 114.16
A8 130.73 | 115.19
A9 119.12 | 110.42
UTS | 100 =0
80 =+=3ingle aged in Mpa
50 =f=Double aged in Mpa
’ Plain A1 A2 A3 A4 A5 A6 A7 A8 A9
No of samples

Fig 13: Ultimate Stress V/S Number Of Samples
Table 7 analytical results are plots in Fig 13,
initially Ultimate Stress was low for 1% of
E-glass composition and as gradually E-glass
composition is increased the Ultimate Stress
also increased. From the Fig 13 it is very clear
that single aged specimens have better
Ultimate Stress as compared to that of double
aged specimens for the A3 composition of
single aged specimen gives the max value
COMPRESSION OF PRACTICAL AND ANALYTICAL
RESULTS
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Quenching
Table 8: Nodal Solution of Ultimate Tensile weight percentage ratios of the
Stresses reinforcements with constant
al a2 Conditions of Speed, Load and Time.
Samples | 1 Single | P2 Double | Single | Double > The harness have concluded that its clear
aged(mpa) | aged(mpa) | aged aged shows double aged specimens have
Mpa Mpa

ol 10056 9562 10285 | 98.14 better hardness as compared to that of
AL 112.87 103.3 120.12 | 100.36 single aged specimens for the A3
A2 133.04 103.72 125.12 | 110.48 composition of double aged specimen
A3 146.55 121.86 139.15 | 128.34 gives the maximum hardness value
A4 110.78 98.56 129.56 | 117.45 further addition of reinforcement shows
A5 106.37 101.61 123.57 | 117.15 that there is no increase in the hardness
A6 110.56 103.1 123.17 | 109.19 and remains stable. “Composition of 1%
A7 116.29 106.88 124.75 | 114.16 Al>,O3 and 3% E-glass is better in the lot,
A8 126.18 107.58 130.73 | 115.19 as it gives the maximum hardness

A9 117.23 | 105.76 | 119.12 | 110.42 value”.
» They also tensile results are Ultimate
- P, Stress as compared to percentage
0 | — - increase of E-glass composition which
U - gives better Ultimate Stress to the
. eliupiinin composite. From the Figs it is very clear
o __ that single aged specimens have better

No of samples

Fig 14: Ultimate Stress V/S Number of Samples
Table 8 is practical and analytical results, &
from the Fig 14. It is very clear that analytical
results have better Ultimate Stress as
compared to that of practical results. Practical
results are over laps to the analytical results
but analytical results are not over laps. The A3
is the maximum value “Composition of 1%
Al,O03 and 3% E-glass is better in the lot, as it
gives the maximum value”.
5. CONCLUSION

> The tests were carried out for varying
weight percentage ratios of the
reinforcement at varying Solution Heat
Treatment temperatures of T6 and T86
conditions. The T6 is 4802C and 3hour
heating all specimens. After heating we
guench the specimens each in 5sec,
using the water.

» The T86 is ageing of each 10 specimens
using woven in that 175 2 C heat they
left in 6hours.The hardness and tensile
tests were carried out for varying
weight percentage ratios of the
reinforcements with different ageing.
Wear tests were carried out for varying

Ultimate Stress as compared to that of
double aged specimens. Same A3
composition of single aged specimen
gives the maximum value. And also
analytical and practical results are
same.

» The Volumetric wear rate of specimens
with respect to different E-glass and
Al;03 composition in aluminum metal
matrix composite, have initially wear
rate is high for 1% of E-glass and 1%
Al,O3 composition and has gradually
E-glass composition is increased wear
rate also decreases.

» From the Fig it is also clear that double
aged specimens have lesser wear rate
compared to that of single aged
specimens. “Composition of, 3%Al,03
and 3% E-glass is better in the lot, gives
the minimum volumetric wear rate.
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Abstract— A terminal for detachably
connecting an electrical lead connector pin to
an electrical circuit is disclosed. The terminal
includes an end contact and a movable clamp
for movement between first and second
positions relative to the end contact. The
clamp has a pocket at one end which a
relative motion to and fro due to force applied
by the tilting action of the screw driver. The
pocket receives an electrical lead into the
pocket when a force is applied using screw
driver, as the screw driver is removed, the
clamp moves to its original position which
locks the electrical lead to a end contact. As a
huge amount of force is required to give a
relative motion to the clamp by the
screwdriver, the design is bought under
modifications.

Index Terms—, Cage Clamp, Clamping force,
Screw-less terminal blocks, S-Clamp,
Conductor.

[. INTRODUCTION

In today’s market, most companies redesign
to create new products. Redesign improves
product quality and reduces cycle time.

However, most techniques limit innovation.
They modify a single reference product, which
closely matches user needs, and only introduce
new products when major conflicts exist
between user needs and existing products. This
study introduces a new redesign for product
innovation approach. The approach combines
two or more distinct reference designs into a
single new product. The process creates design
conflicts. The induced conflicts stimulate
innovation. which improves solution quality
and reduces cycle time.

After products are on the market for some
time, they often need to be redesigned. There
are many reasons for redesigning products.
First, design faults may be found, or customers
may change requirements. Products may also
be redesigned to improve quality, reduce costs,
extend product life, or reduce environmental
impacts. As a result, redesign is an important
part of the product development process. In
fact, in today’s market, most new products are
also developed using redesign techniques. New
products are generally derived from similar
products Therefore; new product design is
generally a derivative work, which consists of
changing prior designs to make them suitable
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for new applications.

In fact, more than 75% of all engineering
design activity involves reusing prior design
knowledge to solve new design problems there
are many advantages through using a redesign
approach to develop new products. Redesign
generally improves the quality and efficiency of
the product. Design process Redesign solutions
are generally more feasible and reliable, since
they have already been used successfully in
prior products Reusing prior design information
also reduces product costs, required design
resources and cycle time.

Therefore, redesign is an important key to
business success However; current redesign
techniques can also limit product innovation.
Redesign generally focuses on resolving
conflicts between current product needs and
prior design capabilities. Most techniques start
by choosing a reference design that reduces
conflicts between user needs and product
functions, as much as possible. Remaining
conflicts, depending upon their degree, are
resolved by changing component attributes,
replacing components, or changing the
structure of the original design.

Fig (1). Shows Screw-less terminal Blocks
which are constructed employing good
engineering practices. As the name suggests
this type of terminals blocks does not require a
screw for termination of a conductor within the
clamping unit. In case of screw clamp
connections, it is necessary to ensure proper
tightening of screw with a torque screwdriver.
In screw-less terminal blocks cage clamp is
opened by insertion of a screwdriver.
Conductor is inserted into this “opened” clamp
and connection is secured as soon as the
screwdriver is withdrawn.

The clamping force in cage clamp connection
adjusts automatically according to
cross-section of the conductor inserted as
shown in Fig(2). Larger the conductor, more
the force exerted on it. There are no external
factors which can change this force.

“Fig (1). Screw-less terminal blocks”

“Fig (2). The cage clamp, end contact &
conductor”
This newly developed cage clamp system
functions in a similar way to the proven

clamping yoke. Separation between the
mechanical and electrical functions has also
been maintained with the tension clamp
version. The tension clamp made of
high-quality, non-rusting and acid resistant
steel draws the conductor towards the
electroplated copper current bar. Minimal
contact resistance and high corrosion
resistance is achieved by the tin-lead surface
and permanently maintained by the
compensating action of the tension spring. The
following Fig (3) show steps to insert the
electrical conductor in to the cage clamp.

“Fig (3). Steps to insert conductor into cage
clamp”
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In Screw-less terminal blocks cage clamp is
opened by insertion and slight tilting action of a
screw driver. Conductor is inserted into this
“opened” clamp and connection is secured as
soon as the screw driver is withdrawn. As the
clamp does not open due to the insertion of
screw driver, a slight tilting action requires a
huge force.

Fig (4). Describes the method to insert the
conductor which depends on the tilting action
of screwdriver. If lubricating liquid, such as oil,
is present on the tip of screwdriver, the
screwdriver may fall out resulting in injury to
the operator. Insert the screwdriver into the
bottom of the hole. It may not be possible to
connect cables properly if the screwdriver is
inserted incorrectly. Sometimes due to
improper insertion, the plastic body, rail
supports, supporting walls may get damaged or
the clamp insert may come outside from the
body as the huge force is applied by the screw

: |

e vl i ver rl I

b VI

“Fig (4). Tilting action of screwdriver”

PROBLEM DEFINITION

Tilfting the

The primary objective of the work is to
design a new clamp for holding the wire with
necessary contact pressure with reduced
clamping force. Reducing the cycle time and
forces on the operator is also an objective of
the project.

The following points briefly discuses the scope
of the project.

v' Studies of geometry of the component in
order to generate the design concepts
to achieve the primary objective.

v Number of concepts has been
generated by considering different

SCOPE OF PROJECT

reference surfaces in order to design of
clamping unit.

Modeling of the different concepts
using solid works software and selecting
the best concept using concept
selection process.

Detail designing of every component in
the part. And finally assembled to check
the clearances, mechanical properties.
The load required to clamp should be
minimum; therefore the analysis of the
clamp is required.

[ll. METHODOLOGY

Methodology is the systematic
step-by-step planning approach in designing an
clamping unit in screw-less terminal block. It
includes the activity of finding solutions to
technical problems by applying insights from
natural and engineering sciences, at the same
time taking into account the conditions and
constraints of a given task. It includes the
following steps in general which is shown in fig

( |

Studying the needs to develop a clamping
unit and study of components to

l

Concepts are generated in order to
solve the problem

J

Carrying out the concept screening
process and concept scoring process
and finalizing

l

Designing the selected concept
for study & analysis

( )

4 N

G J

[ |

“Fig (5) Flow chart of methodology”

A. Identifying the Requirements to Design

The process of identifying needs and
collecting the data is an integral part of the
design and product development process and is
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most closely related to concept generation and
concept selection. Needs are largely
independent of any particular product we
might develop; they are not specific to the
concept we eventually choose to pursue. Raw
data is collected and interpreted in terms of
customer needs. Then the needs are organized
into a hierarchy of primary, secondary, and if
necessary into tertiary needs. Relative
importance of needs is established. The results
and the identification process are reviewed.
The need in this project was to find a solution
that would effectively hold the conductor
firmly with necessary clamping force. In order
to achieve these many design concepts are
generated. Based on the collected data and
needs different types of concepts are
generated. Finally the developed concept
should be such that it makes use of the
selected reference and effectively holds the
conductor.

The needs recognized for this project are as
listed below:

v' The current bar should come into the
open slot provided in the clamping unit
towards one end when at rest. When
pushed by screw driver the slot should
open and conductor will be inserted.

v A clamping unit has to be conceptualized
in order to effectively arrest the
conductor firmly. Such that when a
weight is attached at the other end of
the wire, the contact should not fail.

v' The clamp material should be hard
enough to withstand the force applied
by the screwdriver without deforming
and to transmit that force to move front

and back.
v' The clamp material used should be
corrosion  resistant, good current

carrying capacity, fatigue resistance etc.

B. Concept Generation

The concept generation process begins with
a set of customer needs and target
specification and results in a set of product
concepts from which a final selection has to be
made. The most common concept generation
method is known as brainstorming. The term

brainstorming is frequently applied to any idea
generation technique

In this study approximate concepts are
generated that give a description of the
technology, working principles and form of the
mechanism that has to be built in order to
improve the clamping force.

The concepts are expressed as sketches. Each
concept is important for the designer to
interpret the needs and clarify the problem. In
order to clarify the problem the designer can
decompose the problem for easier and better
understanding and is followed by a brief textual
description. In order to generate concepts the
designer has to have a very brief knowledge of
what and why he has to design and so it
becomes very easy.

a. Push-In Connection

“Fig (6) PUSH-IN connection
technology”

Fig (6) shows PUSH-IN connection concept, a

stainless steel spring which is fitted in a
separate housing, with the top end being
folded towards inside slot. The pin being a
stainless steel has a high elastic property it
always tends to regain its original shape, taking
this as a advantage the conductor can be
locked firmly in slot to some extent.
In this PUSH IN connection concept only the
stripped solid conductor is simply inserted into
the clamping point as far as it will go. And that
completes the connection. No tools are
required. But the flexible conductors with
crimped wire end ferrules or ultrasonic-welded
conductors is difficult to insert into the slot
because of small stripped wires.
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b. Leaf Spring Connection

[

“Fig (7) Leaf spring connection technology”

Fig (7) shows the most commonly used leaf
spring is the semi-elliptical leaf spring. The
semi-elliptical spring may be considered as two
cantilevers and elliptical spring as four
cantilevers. The stress induced in a
semi-elliptical leaf spring is same as that of full
elliptical leaf spring. But the deflection in a
semi-elliptical leaf spring is equal to one half of
full elliptical leaf spring. The unloaded spring is
cambered, the magnitude of the camber being
such that the spring is approximately straight
under the full static load. Using a screw on the
top of the spring, as the screw tightens the
straightness under full static load is utilized to
hold the conductor firmly.

But in this leaf clamp connection system only
large conductor cross-sections can be held
firmly, for smallest wire cross-sections the
force is insufficient.

c. S-Clip Technique

Conceptualization was carried out for
clamping unit and conductor installing
mechanism. For this process the input was
gained after identification of needs for
clamping unit and conductor mounting
mechanisms.

T ——

“ EZZZZ4

7

| s

2277 ——2 Current Bar

“Fig (7) The concept made by hand sketch”

Keeping all the constraints in mind such as
less clamp pushing force, good conductor

holding force, vibration resistant, gas-tight
connection etc. the concept was developed by
considering the different holding mechanisms
which is discussed in the design concepts and
shown in fig (7), and this design is modeled and
analyzed in the later stages.

IV. MODELLING

CAD modeling is used by many designers to

create elaborate computerized models of
objects before they are physically produced.
CAD stands for computer-aided design.
Engineers, architects, and even artists utilize
computers to assist in their design projects.
Computers allow them to Vvisualize their
designs and confront problems before they
have expended any of the resources necessary
to put them into physical form. Many different
professions make use of computer-aided
design.
It is an important industrial art involved in
automotive, aerospace and artistic designs. The
use of CAD modeling is massively widespread;
anything from chairs to rockets can be
designed with the aid of computer programs.

At one time, this step would have involved
several drafters making dozens of sketches and
diagrams until a perfected model could be
devised. Now, a single CAD file can be made,
edited, and continually tweaked until the
object is ready for production. In this section
the concept which is developed with the help
of design concepts, literatures, mechanisms etc
has been modeled into a two- dimensional,
three-dimensional  drawings for  better
interpretation, understanding and to analyze.

“Fig (8) The S-Clip”

Fig (8) shows the conceptual S-clamp design
which has been modeled using a CAD software,
Now the wire holding cage clamp has to be
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replaced with the S-clamp. Due to
unavailability of a old model using a technique
called reverse engineering, the model has been
developed for the full scale with the help of
measuring instruments. Fig (9) shows the

electrical terminal block which consists of a
plastic body, copper conductor and a cage
clamp.

Fig (9) The Assembly view

Now to make feasible for the new design
(S-clip) the current terminal block with cage
clamp has been modeled. The current assembly
has been modified in some specific areas to
suit for the new conceptual design (S-clip), a
new helical spring has been used to get
necessary contact force. Fig (10) & (11)shows
the details of the changes made to the current
design.

Fig (10) The Modified Area in the body

Fig (11) The Modified Clamping Unit in the
Terminal Block

The following points explain the modifications
made for the screw-less electrical terminal
block.

v' Firstly, instead of cage clamp the S-clip has
been designed. The body and other parts
have been subjected to design change on
this basis.

v The screwdriver entry and conductor entry
remains unchanged.

v' The rib inside the cage clamp has been
removed. And replaced with a wall
towards end contact.

v' This wall has a pin extended which is
necessary to hold the spring.

v The inclined support for the screw driver
after insertion has been increased for two
degrees.

v The sharp edges are provided with a fillet
to reduce stress concentration factors.

v Remaining part has been left unchanged.

v’ The end contact connecting two ends
remains unchanged.

V. ANALYSIS

Fig (12) Cage clamp with BC’s & force applied

Fig (12) shows the cage clamp, the boundary
conditions are fixed at straight wall which is
visible in fig by yellow lines, the material
properties of stainless steel has been assigned
and the force is applied on the spot where
actually the screw driver pushes the clamp in
the pre-processing stage. Next the problem has
been solved in the solution stage.

Fig (13) & (14) shows the results obtained for
the solution in the post-processing stage,
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where the displacement being 3.68689 mm "‘"

and the von-misses stress being 6491.13MPa

for the cage clamp.

Fig (16) Von-Misses stresses in MPa

= VI. CONCLUSION
Fig (13) Displacement obtained for the applied The following points are the conclusion
load obtained by modeling, analyzing and testing
this clamping unit.
=5 v The information related to this work has
been collected through various journals,
existing techniques, problems etc.

v Based on the above information concept
generation technique has been
implemented to obtain different
concepts.

v’ Reverse engineering technique has been
used to obtain the dimensions of cage
Fig (14) Von-Misses stresses in MPa clamp, end contact, body. And has been
successfully designed according to the
The obtained results are now compared with requirement.
the new design, when the new design has been v Modeling, assembly, detailing of the
subjected to a same force of 70MPa with the cage clamp is carried out using
same material properties, changed boundary solidworks.
conditions. Following fig (15) & (16) shows the v’ Different concepts have been designed
results we have got. to check the feasibility of those
mechanisms. Based on the clamping

force, drawbacks of this design. A new
design technique called S-clip technique
has been developed.

v" Necessary changes have been made in
the body, end contact to accommodate
this S-clip technique.

v Analysis has been made to compare the
displacements, stresses in the material

Fig (15) S-clip with BC's & force applied of the techniques.

v' For the same amount of forces the
stresses are minimal in s-clip technique
compared to cage-clamp technique.
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Abstract — Pulsed laser deposition is a
powerful technique for thin film deposition
of various materials. Pulsed laser ablation is
an important process in the Pulsed laser
deposition technique. This paper presents a
comprehensive numerical model using finite
element method considering temperature
dependent material properties, plasma
shielding effect and temperature dependent
absorptivity and absorption coefficient to
predict temperature distribution and
ablation depth. The numerical simulation is
performed using TiC as target material. The
model takes into account the effect of delay
between successive pulses during multiple
laser pulses to predict temperature
distribution and ablation depth.

INTRODUCTION

Pulsed Laser Deposition (PLD) is a simple and
highly versatile technique to grow thin films of
materials of good quality. It is a simple
technique in which laser energy pulses are used
to remove material from the surface of a target.
High power laser pulses are directed on the
target. When the target material is exposed to
laser energy, sufficient heating of surface takes
place leading to the melting and evaporation of
the target material. This process is also called
laser ablation. This ablation process produces a
plasma plume, which expands rapidly away
from the target surface. The ablated material
collects on a substrate that is kept some distance
away from the target, upon which it condenses

leading to the formation of a thin film. There
are a large number of variables that affect this
process such as laser fluence, background gas
pressure and substrate temperature. Depending
upon the individual application these variables
change. Much of the early research on PLD

focused on individual materials and
applications,  rather than  understanding
processes occurring during material

transportation from target to substrate. Even
though the PLD technique is widely used, the
fundamental processes occurring during the
transfer of material from target to substrate are
not fully understood and are subject of current
research [1, 2].

The PLD technique has significant benefits
compared to other film deposition techniques
such as: i) relatively high deposition rates. ii)
Stoichiometric transfer of material from target
to substrate. iii) Extremely clean process (since
an external energy source is used). iv) Housing
of a number of target materials is possible by
using a carousel, so multilayer films can be
deposited without breaking of vacuum when
changing between materials [2]. Among the
research applications of PLD are: high
temperature  superconducting  thin  films,
coatings  for  tribological  applications,
biomedical applications, manufacturing of
micro or nano components [2, 3].

THERMAL MODELLING
Bulgakova and Bulgakov [4] developed a
numerical model to evaluate the ablation rate
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and temperature distribution in the target
under near threshold ablation conditions. They
considered three mechanisms associated with
the
vaporization,

ablation process, namely, normal

normal boiling and explosive
boiling (phase explosion). They considered the
in PLA with

infrared nanosecond pulses which are typically

material removal mechanisms
used for thin film deposition. Based on the
measurements of ablation rate as a function of
laser fluence, evidence for the transition from
normal vaporization to phase explosion was
obtained for a number of materials. They did
not consider the non-thermal (electronic)
processes induced by infrared laser radiation in
the target. The time dependent temperature
distribution along the target depth T (z, t) was

given by the one dimensional heat flow

equation as,
aTj —k—+[l R]BI (t)exp(-Bz)

p(—u(t)
(1)

where, C,, p, k, R and B are specific heat,

o, or

density, thermal conductivity, reflectivity and
absorption coefficient of target material and u
(t) is the velocity of surface recession. The
value of u (t) is calculated considering that
vaporized material flow follows the Hertz-
Knudsen equation and the vapour pressure
above the vaporized surface is given by the
Clausius-Clapeyron equation. The laser light
intensity reaching the target surface is given by

I, (t) =1, (t)expEA)]= Io(t)ex;{—jap(n,T)dz}

° (2)
where, Io (t) is incident laser intensity, ap (n, T)
is the plasma absorption coefficient, which
the
temperature. A (t) is the total optical thickness

depends on plasma density and

of the plasma given by

A(t) =aAz +bE,

(3)

here, Az is penetration depth per pulse, E,
radiation

represents density of absorbed

energy, a and b are time independent

coefficients given by

_AM)

m

(y-1) of
ky OT|

b=
(4)
where, Ty is the temperature at which particles
vaporize. The experimental evidence for the
transition from normal vaporization to phase
explosion during PLA of graphite, niobium and
YBCO superconductor was obtained and the
corresponding values of threshold fluence were
determined. The thermal heating process in the
irradiated targets was characterized using
model calculations.
Fang et al. [5] described a model
considering both the vaporization effect and
the plasma shielding effect for the high power
nanosecond PLA of multi-elemental oxide
They the heat
conduction equations with initial and boundary

superconductors. solved
conditions to describe the target temperature,
taking vaporization and plasma shielding into
account. The following balance equation can be
written before vaporization sets in

or o6 ,0T
Coo— —k— Bl (t)exp(-B
P = o Ko+ BA (D exp(=Bx)
O<t<ty)

(5)

where C;, p, k, B are as mentioned earlier, B is
absorptivity of the target and t is the width of
laser pulse. After considering the vaporization
and plasma shielding effects, the temperature
of the target in the period from t=tw, to t=t is
given by

p{—u() T2k e erpiarenes

(t, <t<rt

(6)

where, u (t) is as mentioned earlier, asg is the
inverse absorption length and H is plasma
length. The incident laser intensity expressed
by Gauss function, given by
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l,®) =1, exp{_(t_—fm)z}

T
(7)
where, lp is the maximal laser power density, Tm
is the time at which the power is maximum and
T is the time corresponding to the full width at
half maximum pulse width.
FINITE ELEMENT MODELLING

To simulate laser-matter interaction, a
finite element numerical model [7] has been
developed using the commercial software
ANSYS 11 [8]. This time dependent problem
was solved sequentially, considering
incremental time step of 1ns over a time period
of 20 ns. During the simulation, the output of
the preceding time step becomes an input to
the

represented by a mesh of finite elements. The

succeeding time step. The target is
target initial temperature is 298 K. When the
temperature of an element is higher than the
melting point temperature (Tm) at the end of a
particular step, melting is assumed to have
occurred and latent heat of melting (Lm) is
taken into account for calculation in the model.
The ablation is assumed to occur when the
temperature of the surface elements is higher
than the boiling point temperature (Tb), in this
condition also, the model takes into account
the phase change effect by considering the
latent heat of vaporization (Lv) into calculation.
Material removal in ANSYS is achieved through
killing of the elements, which are deactivated
by multiplying their stiffness (or conductivity or
analogous quantity) by
reduction factor. All the properties associated
with the deactivated elements are set to zero,
such as elements loads, specific heat, mass and
damping.

Target representation

other a severe

The target geometry used for simulation
is given in Fig. 1. To minimise the computer
processing time, the target is supposed to be
rectangular in shape with dimension of 10um x

3um and only half of the target is simulated
because of the axial symmetry of the problem.
Moreover, only half of the simulated region is
irradiated in order to account for the lateral
heat losses to the non-irradiated part of the
sample. The size of each element is 20nm x
20nm.

Laser Beam
Incident laser

TiC Target «

> X
Fig..1. Geometry for laser ablation of target [7]
The element used for the analysis is
PLANE 55. PLANE 55 can be used as plane
element or as an axi-symmetric ring element
with 2D thermal conduction capability. The
element has four nodes with single degree of
freedom, temperature, at each node. The
element can be applied for 2D, axi-symmetric,
steady state or transient thermal analysis.
Assumptions
The following assumptions are considered in
the model [7]

A 2D heat conduction equation
assumed.

Heat source distribution is assumed to
be of temporal Gaussian profile.

Since the molten volume of the target
material is very low in PLA process,
Convective heat transfer effects are not

° is

considered.
e Due to very small interaction time
between laser and target surface,

Radiation effect has also not been taken
into account.
Considerations
The following aspects are considered in the
model [7]

Thermal analysis is transient in nature.
Temporal Gaussian profile of laser.
Temperature dependent mechanical
and thermal properties of material.
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Dynamic absorptivity and absorption
coefficient.

Absorption of laser in plasma.

Delay between pulses.

Temperature dependent material properties

Both temperature profile and the ablation
depth
properties such as thermal conductivity and

in PLA process vary with material

specific heat, therefore it is necessary to
consider the temperature dependent material
properties. The model is simulated for titanium
carbide (TiC) material. The material properties
of TiC [21] are given in Table 1 and Table 2
Table 1. Temperature-dependent properties of
TiC [6]

Temperature-dependent properties of TiC
T |29 |40 | 80 | 120 | 160 | 200 | 240 | 334 | °08
« |8 |o |o o |o |o |o |o |[©
K 4
w/(
. 23 |24 |31 |36 |40 |43 |45 |8
K)]
950
Cp
55 | 65 | 83
[/(k 890 | 900 | 915 | 930 | 950
o |o |o
g Kl
Table 2. Material properties of TiC [6]
Material properties of Titanium carbide
Tm Tb P Lm Lv a b
(K) | (K) | (kg/m?) | (O/kg) | (O/kg) | (m™ | (m"
. ; 4 x|5 x
3340 | 5080 | 4910 10 10 !
10° | 10*
BOUNDRY CONDITIONS

Equations (8) and (9) give the heat
conduction equations that are solved for entire
domain during the analysis within different
temperature limits.

2
kM2 —q@t)
oz T<Tm
(8)

The above condition implies that incident laser

energy onto the surface is conducted into the

work piece, when target temperature is less
than its melting temperature.

o
—-L+Q(z,t
577 Q(z,1)

—k(T)

™>Tm

(9)

It implies that when the target temperature
exceeds its melting point, latent heat (L) comes
into picture.

The boundary conditions are given by following

equations
Tt =T,
T(zb)] =T,

The above two conditions are under the
assumption that AB and BC are far away and at
the same temperature.

—km%

Initial condition

=0

x=10um

Initially the temperature of the body is
equal to ambient temperature
T(z,0)=T,
RESULT AND DISCUSSION
Ablation depth per pulse

In the model, the ablation depth per
pulse is calculated by killing the elements.
When the temperature of the elements is
higher than the boiling point temperature,
these elements are assumed to be ablated. In
this condition too, takes
account the phase change effect by considering
the heat the
calculation. The ablation depth is calculated
knowing the numbers of elements of the mesh
that reach the boiling temperature for TiC
(5080 K). The ablation depths and temperature
profiles calculated for a single laser pulse of 20
ns on-time for fluence levels of 4, 7, 10 and 15

the model into

latent of vaporization in

J/em?. Fig 2 shows temperature profile and
ablation depth for laser fluence of 15 J/cm?
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298

1500 2500 4000 5080

1000 2000 3340 4500
Fig. 2. Temperature distribution profile for laser
fluence 15 J/cm?
Consideration to off-time (Delay between
successive pulses)

In this model the off-time is considered
after single pulse on-time. The on-time has
been taken as 20 ns and off-time has been
considered to be 20 ns in the simulation.
During the off-time, target is cooled by
radiation and conduction heat losses, so the
target temperature decreases. During the off-
time the heat conduction takes place from high
temperature to low temperature of target. The
model does not consider the convective heat
transfer. The thermal conduction equation is
given by

_goT

Qconduction - 57

(10)

The surface cooling of the target material
due to radiation during the off-time has also
been considered and is given by

Qradgiation =€ a(Ti* = Tj*)
(11)

It is understand that this effect is
negligible for short pulse ablation process
because there is very less time available
between the two successive pulses for this
effect to take place. We consider this effect in
order to observe the overall effect of each
mechanism governing the ablation process.
Temperature variation with on-time and off-
time

Figure 3 shows surface temperature
variation during on-time and off-time for the

laser fluences in the range of 4 J/cm? to 15
J/cm? obtained after single pulse.

Surface
Temperature (K)

Time (ns)

Fig. 3. Surface temperature variation during
on-time and off-time after first pulse.
In the Fig. 3, first 20 ns represents on-
During the on-time, temperature of
target increases. Similarly, as the fluence level
increases, the target temperature increases. At
the end of 20 ns, the maximum surface
temperature obtained for the laser fluence of
4, 7, 10 and 15 J/cm? is 5172.22 K, 6284.4 K,
8670.72 K and 10507.1 K, respectively. It is
observed that, the pattern of increase in

time.

temperature with time is similar for all laser
fluences (Fig. 3.7).

The next 20 ns is off-time. During the off

time temperature of target decreases. The
pattern of decrease in temperature is again
similar for all the laser fluences. At the end of
off- time, at 40 ns, the temperature of target
for laser fluence of 4, 7, 10 and 15 J/cm? are
693.673 K, 801.867 K, 1135.55 K and 1531.91 K,
respectively.
Figure 4 shows the surface temperature
variation during on-time and off-time obtained
after fifth pulse. Temperature at the end of
fifth pulse on-time for laser flunces 4, 7, 10 and
15 J/cm? is increased by an ammount of 271.4
K, 305.7 K, 401.53 K, and 486.2 K respectivly
compared to the temperature at the end of
first pulse on-time. Temperature at the end of
off- time after fifth pulse for laser fluence 4, 7,
10 and 15 J/cm? is 732.75 K, 839.82 K, 1267.33
K and 1671.45 K, respectivly which is greater
than temperature at the end of off-time after
the fourth pulse.
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Fig. 4. Surface temperature variation during on-
time and off-time after fifth pulse.

we can say that, in the case of multiple
laser pulses, the temperature variation in each
pulse follows the same pattern during on and
off-time. In each successive pulse, temperature
of the target increases at the end of on-time
and off-time compared to previous pulse.

T et

2 ’ =ifpu=i]
-

a ] =7 ]
s _n

g /—r’ -‘l# I15J
< ----""'-‘

P
’:""*I'umber of pulses

Fig. 5. Ablation depth vs Number of pulses

The ablation depths obtained after a
number of pulses for laser fluences of 4, 7, 10
and 15 J/cm? are shown in Fig. 6. It is observed
that for constant laser fluence, as the number
of pulses increase, the ablation depth also
increases. At the lower fluence levels, the
ablation depth obtained after each successive
pulse is more than the ablation depth obtained
after previous pulse. Whereas, at the higher
fluence levels, the ablation depth obtained
during each pulse increases by the same factor.
For the same pulse, as the laser fluence
increases, the ablation depth also increases.

CONCLUSION

A finite element model of the laser
matter interaction to predict ablation depth
has been developed. The model takes into

consideration temperature dependent material

properties, dynamic absorptivity and

absorption coefficient of the target material,
plasma shielding, time dependent ablation and
delay between successive pulses. The model is
solved using ANSYS 11 software to determine
temperature variation and ablation depth for
multiple laser pulses. Major conclusions from
this work are summarised below;

e The ablation depth obtained increases
with an increase in laser fluence.
In the model delay between successive
pulses is considered. During the delay
between pulses (off-time) the target
surface is cooled by conduction and
radiation.
Temperature obtained at the end of on-
time of successive pulse is greater than
temperature at the end of on-time of
previous pulse.
The ablation depth obtained after
second pulse is approximately double
the ablation depth obtained after first
pulse.
In the multipulse laser ablation, the
ablation depth increases approximately
by the same factor during each
successive pulse.
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Abstract— Numerical investigation was
performed to study the behaviour of a
composite plate of both undelaminated and
delaminated composite plate having voids
under low velocity impact. Finite element
simulation has been done to calculate impact
energy on the laminated composite plates.
Various parametric studies performed
includes boundary conditions, thickness of the
laminate, lay-up sequence, mass and velocity
of the impactor on the composite laminates.
Woven type Glass Fibre Reinforced Polymer
[GFRP] composite plates having two different
thicknesses of 2 mm and 4 mm has been
considered and the specimens were subjected
to low-velocity impact at different velocities
and the impact simulation has been
performed on composite plate using explicit
finite element analysis software LS-DYNA.

Index Terms— Boundary conditions,
Laminate, Mass, Velocity, Impactor, lay-up
sequence, LS-DYNA and Impact energy.

I. INTRODUCTION

A composite material is a macroscopic
combination of two or more distinct materials,

having a recognizable interface between them.
Composite laminate is a combination of fiber
and resin mixed in proper form. One of the
unique properties of composite laminate is that,
it has high specific strength. Composites are
being utilized instead of metallic materials in
structures where weight is a major
consideration, example aerospace structures,
high speed boats and trains [1]. The use of
composites has evolved commonly to
incorporate a structural fiber and plastic, this is
known as Fiber Reinforced Plastics (FRP). Fibers
provide structure and strength to the
composite, while a plastic polymers holds the
fiber together, common types of fibers used in
FRP composite includes: Glass fiber, Aramid
fiber, Carbon fiber, Boron fiber, Basalt fiber,
Natural fiber etc., in case of fiber glass,
thousands of tiny glass fibers are compiled
together and held rigidly in place by plastic
polymer resin. Common plastic resins used in
composites includes: Epoxy, polyester, vinyl
ester, polyurethane and polypropylene etc.
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Impact is defined as “the striking of one
component against another with force

instantly”; it involves the collision of two bodies:

the impactor and the target. During collision,
an impactor indents the target and makes
indentation on the plate. The knowledge of
dynamic response of structure and its damage
resistance is much needed to optimize the
structure requiring high safety like aircraft
structural applications. The majority of impact
test has been carried out on a flat plate with

either simply supported or clamped boundaries.

The inability to visualize the internal damage of
composites makes the research community to
focus on the low-velocity impact phenomena
stringently. Impact phenomenon is a very
complicated process in which the performance
depends on many parameters like duration of
the impact, kinetic energy, velocity of the
impactor, properties of target and the impactor
materials [2].

Defects in composite materials are produced
during the manufacturing process. In that most
common defects which are voids and
delamination, voids can be caused by incorrect
curing. Delaminations are a planar defect
usually at ply boundaries and are fairly rare
during the manufacture of the basic material
but may be produced by contamination during
lay-up or by machining. These defects will
effects on mechanical performances, in general
such defects cause a decrease in the static and
fatigue strength of the laminate and a greater
susceptibility to water penetration and
environmental conditions[12].

The experimental analysis is often used to
study loading, deformation, and damage of
composite plates. However, this method is
expensive, time consuming and requires
multiple  standardized test  prototypes,
equipment and strongly regulated test settings
[3]. A significant advantage of finite element
analysis is that an advanced preliminary study
can be carried out by using a virtual prototype
in a virtual environment which can
substantially cut costs, reduce the
development time and substantially optimize

the overall development process. The main
objective of this paper is to investigate the
impact behaviour of the composite plate under
three different velocities by using finite
element analysis software LS-DYNA.

Il. NUMERICAL PROCEDURE

A woven fabric composite plate having
stacking sequence of
0/90/0/90/0/90/0/90/0/90 with bi-directional
configuration, having a ply thickness of 0.2mm
is considered for impact analysis using explicit
finite element analysis software LS-DYNA [5]. In
Figure 1, Let x be the variable that describes
the position of the projectile. The impact
energy was calculated by using the formula.

E=1/2m; v

Where m; is mass of the impactor, thickness
of the composite plate is taken as h and vi is
the impact velocity measured before impact
event.

v
= [
I
L]

- X

Fig.1l:Impactor and target configuration setup
The number of layers on both 2 mm and 4
mm thickness composite plate is shown in table
1. The values were adopted from experimental
data as per the work presented in reference
[1]. The failure mechanism of the GFRP
composite laminates under low velocity impact
depends on several factors such as strength of
the composite plate, velocity and mass of the
impactor, boundary conditions which are
applied to the model.
TABLE 1: DIMENSIONS AND NUMBER OF LAYERS

No. of Laminates
Dimension
Material of the 2mm 4dmm
component in | thickness | thickness
mm
GFRP 150x50 10 20
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[II.LFINITE ELEMENT SIMULATION

Finite element simulation was done to
analyse the impact energy dissipated on both
undelaminated and delaminated composite
plates.

Ty,

Fig.2: HYPERMESH Model

Glass fiber reinforced polymer composite
laminates were modelled using software
known as HYPERMESH. All the four sides of the
specimen were fixed in x, y and z directions and
orthotropic material was selected for modelling
the material, the laminates were impacted at
the centre of the composite plate by a steel
impactor having a spherical tip of 10 mm in
diameter and a weight of 15.69 N has been
used. The material properties of the impactor
and composite plate are as shown in table 2
and 3 respectively.

Table 2: Impactor properties

Y 7 H 7

oung'’s P0|559n s Density
modulus ratio
210 GPa 0.3 7800 Kg/mme?

The impactor is allowed to move only in z
direction and treated as a rigid body. An
automatic surface to surface contact condition
is assigned between the composite plate and
impactor to accommodate impact initiation
and progress. Time step is one of the most
important parameter, which normally causes
divergence in non-linear finite element
analysis. By choosing an adequate time step
value simulation has been done [7]. The finite
element model of the impactor and composite
laminates are shown in Figure 2 and was
prepared by using pre-processing finite

element analysis software known as
HYPERMESH. Here LS-DYNA program manager
was used as a processor to solve the problem
and LS-PrePost was used as post processing
software, where we can see the displacements,
stress results and deflection animations [8].

Table 3: Composite plate properties

E,, 20.8
Young’s — 0.8
Modulus in GPA = :
E.s 8.7
- 3.92
Shear E 42
Modulus in GPa = -
Gay 4.2
¥s 0.173
Poisson’s —
Ratio = 0.28
v, 0.28
Density in 1750
Kg/m?® .

Delamination and voids have been created
on both 2 mm and 4 mm thickness composite
plate having same geometry as that of
undelaminated composite plate and impact
analysis has been conducted.

Delamination
region

Fig.3: Half sectional view of delaminated
composite plate

Delamination of 0.2 mm gap between the top
layer and its next layer of the composite plate
has been created at the center to an area of 50
mm x 20 mm. Figure 3 shows half sectional
view of delaminated composite plate and it has
been created using HYPERMESH software.
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Fig.4: Voids on the composite layer

Figure 4 shows the voids on the composite
plate and it has been created at the center of
the composite plate on the second layer from
the top, where the impactor is going to impact.
It was created by using HYPERMESH software,
by removing the elements on the composite
plate.

LS-DYMA USER INPUT

Fig.5: Impact energy result for

undelaminated composite plate
Finite element simulation was done by using
explicit finite element analysis software
LS-DYNA, impact energy results in case of
undelaminated composite plate is shown in
figure 5. In that graph the point where
maximum deviation occurs, that value has

been taken as impact energy.

’LS-DYNAUSER INPUT
f
64

8

Fig.6: Impact energy result for delaminated
composite plate

Figure 6 shows impact energy results for
delaminated composite plate. Here impact
energy results have been varied because of
defects like delamination and voids which is
introduced on that plate. These defects will
reduce the strength of the composite plate so
impact energy results were reduced.

IV. RESULTS AND DISCUSSION

Numerical analysis has been done for both
undelaminated and delaminated composite
plate having two different thickness of 2 mm
and 4 mm were subjected to low velocity
impacts at three different velocities (3.132,
4.429 and 5.425 m/s).

Table 4: Impact energy results for
undelaminated composite plate

Mass of Velocit Impact Energy in
the ) Joules
impactor yin
. m/s 2mm 4 mm
in N
15.69 3.132 7.9 8.9
15.69 4.429 14.01 16.13
15.69 5.425 21.07 24.94

Impact energy results for undelaminated
composite plate are shown in Table 4. For both
2 mm and 4 mm thickness composite plate,
impact energy results were increased with
increasing the velocity of the impactor [13].

Table 5: Impact energy results for

delaminated composite plate with voids

Mass of I tE i
Veloc mpact Energy in
the o Joules
. ity in
impactor
. m/s 2mm 4 mm
in N
15.69 3.132 6.23 7.01
15.69 4.429 12.9 14.1
15.69 5.425 20.05 20.90
Impact energy results for delaminated

composite plate with voids have been recorded
in table 5. Impact analysis has been conducted
for the same velocity as that of undelaminated
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composite plate but here impact energy results
are reduced. Reduction of impact energy
results due to defects which are introduced on

the composite plate.
23
21 |

s With defect

Eenergy in joules

N - I T T )

e Without defect

3 35 4 45 5 5.5 6

Velocity inm/s

Fig.7: Results comparison for 2mm thickness
plate

m— With defect

s Without defect

Femergy in joules
e N

Velocity in m/fs

Fig.8: Results comparison for 4mm thickness
plate

Comparison of 2mm and 4mm thickness
undelaminated composite plate with
delaminated composite plate is shown in figure
7 and 8 respectively. In that blue line indicates
composite plate with defects and red indicates
without defect. Here we can see the variation
of the results on defected and un-defected
composite plates.

V. CONCLUSION

NUMERICAL ANALYSIS WAS PERFORMED TO STUDY THE
BEHAVIOUR OF GLASS FIBRE REINFORCED POLYMER
COMPOSITE PLATE UNDER LOW VELOCITY IMPACT USING
EXPLICIT FINITE ELEMENT ANALYSIS SOFTWARE LS-DYNA.
UNDELAMINATED COMPOSITE PLATE OF BOTH 2 MM AND
4 MM THICKNESS PLATE WAS COMPARED AGAINST
DELAMINATED COMPOSITE PLATE WITH VOIDS. IN THAT
IMPACT ENERGY RESULTS WERE VARIED BECAUSE OF
DEFECTS LIKE DELAMINATION AND VOIDS WHICH ARE

INTRODUCED IN COMPOSITE PLATE. THESE DEFECTS WILL
REDUCE THE STRENGTH OF THE COMPOSITE PLATE SO
IMPACT ENERGY RESULTS WERE REDUCED. IT IS ALSO
CONCLUDED THAT IMPACT ENERGY RESULTS ARE MAINLY
DEPENDS ON SOME OF THE PARAMETERS LIKE, BOUNDARY
CONDITIONS, VELOCITY OF THE IMPACTOR AND
PROPERTIES OF TARGET AND THE IMPACTOR MATERIALS.

REFERENCES
[1] ErcanSevkat, Benjamin Liaw, FeridunDelale
, Basavaraju B.  Raju, “Drop-weight impact
of plain-woven hybrid
glass—graphite/toughenedepoxy
composites”, Elsevierinternational Journal
on composites 2009, PP 1090-1110.
[2] B. Kranthi Kumar, LakshmanaKishore.T,
“Low Velocity Impact Analysis of Laminated
FRP Composites”, International Journal of
Engineering Science and Technology
(IJEST), 2012, Vol. 4, PP 115-125.
[3] M.A. Hassan, S. Naderi, A.R. Bushroa,
“Low-velocity impact damage of woven
fabric  composites: Finite  element
simulation and experimental verification”,
International Journal on Materials and
Design 53 (2014), PP 706-718.

(4] N.

Shreyas.P.S, Rajesh  Mathivanan,
JullyaNaik.L, Harshavardan.S.Shetty,
“Prediction of fatigue life for woven GFRP
Composite laminates with impact damage”,
Department  of  Mechanical Engg.,
Nagarjuna College of Engg. & Technology,
Bangalore, 2014.

[5] ASM Handbook for Fatigue and Fracture
Vol. 19 material and information society.

IJN.  Rajesh  Mathivanan, J. Jerald,
“Experimental investigation of low-velocity
impact characteristics of woven glass fiber
epoxy matrix composite laminates of EP3
grade”, Materials and Design 31 (2010), PP
4553-4560.

2nd International Conference On Progress In Production, Mechanical And Automobile Engineering
(ICPMAE-2015), ISBN: 978-81-930280-7-0,4™ January 2015, Goa

66



FEA Of Low Velocity Impact On Woven Type GFRP Composite Laminates With And Without Defects

[7] HyperWorks 12.0user's manual.

[8] LS-DYNA®keyword user's manual, Volume |
and I, August 2012, Version 971 R6.1.0,
Livermore Software Technology
Corporation (LSTC).

[9] J. Lo’pez-Puente, R. Zaera, C. Navarro, “An
analytical modelfor high velocity impacts
on thin CFRPs woven laminated plates”,
International Journal of Solids and
Structures 44 (2007), PP 2837-2851.

[10] K. Azouaoui, Z. Azari, G. Pluvinage,
“Evaluation of impactfatigue damage in

glass/epoxy composite laminate”,
International Journal of Fatigue (2010), PP
443452,

[11] Gin Boay Chai, PeriyasamyManikandan,
“Low velocity impact response of
fibre-metal laminates review”,
International Journal on Composite
Structures 107 (2014), PP 363-386.

[12] Nisha A S and Saraswathy B, “Dynamic
Analysis of Delaminated Sandwich
Composites”, International Journal of
Modern Engineering Research (IJMER),
Vol.3 (2013), PP-172-177.

2nd International Conference On Progress In Production, Mechanical And Automobile Engineering
(ICPMAE-2015), ISBN: 978-81-930280-7-0,4™ January 2015, Goa
67



JCAL
S

&
:z‘
(=

2

Y01 ysest

&

ANALYSIS OF ANGEL PLY LAMINATED COMPOSITE AND VALIDATION

Manjunatha S C, 2C Venkate Gowda, 3Dr. Prashanth Banakar
PG Student, Nagarjuna College of Engineering and Technology, Bangalore
2Associate Professor, Nagarjuna College of Engineering and Technology, Bangalore
3Professor, Sambram Institute of Technology Bangalore.
Email: *Manjunath4reddy90@gmail.com, 2venkategowdancet@gmail.com,
3prashanthbanakar77@gmail.com

Abstract— In this paper, the specimens are
fabricated using carbon fiber, E-Glass fiber,
epoxy resin and Hardener HY104 with the help
of hand lay-up technique. The effect of fiber
orientation and thickness of laminates has
been investigated and experimentation was
performed to determine property data for
material specification. Specimens are cut as
per ASTM standards. Furthermore, failure
mode and strength characteristics of
composites specimens with different fiber
orientations will be studied. For all geometrics
of specimen, the ultimate strength, breaking
stress and elongation will be recorded.
Analysis was tested by using ANSYS software.

This research indicates that the mechanical
properties are mainly dependent on fiber
orientation of laminates and thickness of
laminated polymer composites.

Index Terms— Composite materials, Carbon
fiber, E-Glass fiber, Epoxy resin, Hardener
HY104, Fiber orientation and thickness of
laminates.

I. INTRODUCTION

Composite materials are manufactured from
two or more materials to take advantage of
desirable characteristics of the components. A
composite material, in mechanics sense, is a
structure with the ingredients as element
transferring forces to adjacent members. The
advance in design and application of
composites has accelerated in the past decade
especially in the aeronautics, defence, and
space industries. Commercial applications are
also increasing as products needing challenging
materials properties are increasing in demand.

The majority of composite materials use two
constituents: a binder or matrix and
reinforcement. The reinforcement is stronger
and stiffer, forming a sort of backbone, while
the matrix keeps the reinforcement in a set
place. The binder also protects the
reinforcement, which may be brittle or
breakable, as in the case of the long glass
fibers used in conjunction with plastics to
make fibre glass.
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Generally, composite materials have excellent
compressibility combined with good tensile
strength, making them versatile in a wide range
of situations. In this project the specimens are
fabricated using carbon and glass fibre cloth
with epoxy resin and hardener HY 951 with the
help of vacuum hand-layup technique. Tensile
specimens as per ASTM Standards will be
prepared with different hole diameters.
Furthermore, failure mode and strength
characteristics of composite specimens
consisting of central holes of different
diameters will be studied. For all geometries of
the specimens, the ultimate strength, breaking
stress and elongation will be recorded.

A. Carbon Reinforced Fiber

Carbon fiber (carbon fibre), CRF is a material
consisting of extremely thin fibers about
0.005-0.010 mm in diameter and composed
mostly of carbon atoms. The carbon atoms are
bonded together in microscopic crystals that
are more or less aligned parallel to the long axis
of the fiber. Carbon fiber-reinforced plastic
(CFRP or CRP), is a very strong, light, and
expensive composite material or
fiber-reinforced polymer. Similar to fiberglass
(glass reinforced polymer), the composite
material is commonly referred to by the name
of its reinforcing fibers (carbon fiber). The
polymer is most often epoxy, but other
polymers, such as polyester, vinyl ester or
nylon. The crystal alighment makes the fiber
very strong for its size. Several thousand
carbon fibers are twisted together to form a
yarn, which may be used by itself or woven into
a fabric.

Carbon fiber has many different weave
patterns and can be combined with a plastic
resin and wound or moulded to form
composite materials such as carbon fiber
reinforced plastic (also referenced as carbon
fiber) to provide a high strength-to-weight ratio
material. The density of carbon fiber is also
considerably lower than the density of steel,
making it ideal for applications requiring low
weight. The properties of carbon fiber such as
high tensile strength, low weight, and low
thermal expansion make it very popular in
aerospace, civil engineering, military, and

motorsports, along with other competition

sports.
However, it is relatively expensive when
compared to similar materials such as

fiberglass or plastic. Carbon fiber is very strong
when stretched or bent, but weak when
compressed or exposed to high shock (eg. a
carbon fiber bar is extremely difficult to bend,
but will crack easily if hit with a hammer).It has
many  applications in  aerospace and
automotive fields, as well as in sailboats, and
notably in modern bicycles and motorcycles,
where its high strength-to-weight ratio is of
importance. Improved manufacturing
techniques are reducing the costs and time to
manufacture, making it increasingly common in
small consumer goods as well, such as laptops,
tripods, fishing rods, paintball equipment,
archery equipment, racquet frames, stringed
instrument bodies, classical guitar strings, drum
shells, golf clubs, and pool/billiards/snooker
cues.

B. Glass-Reinforced Plastic

Glass-reinforced plastic or GRP is a composite
material made of a plastic matrix reinforced by
fine fibers made of glass. It is also known as
GFK (for Glass Fiber komposite), or simply by
the name of the reinforcing fibers themselves:
fiberglass.GRP is a lightweight, strong material
with very many uses, including boats,
automobiles, water tanks, roofing, pipes and
cladding.The plastic matrix may be a
thermosetting plastic (most often polyester or
vinyl ester), epoxy or thermoplastic.The
manufacturing process for GRP fiber glass uses
large furnaces to gradually melt the
sand/chemical mix to liquid form, and then

extrude it through bundles of very small
orifices (typically 17-25 micrometers in
diameter for E-Glass, 9 micrometers for
S-glass).

These filaments are then sized with a chemical
solution. The individual filaments are now
bundled together in large numbers to provide a
roving. The diameter of the filaments, as well
as the number of filaments in the roving
determines its weight. This is typically
expressed in yield-yards per pound (how many
yards of fiber in one pound of material, thus a
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smaller number means a heavier roving,
example of standard vyields are 225yield,
450yield, 675yield) or in tex-grams per km
(how many grams 1 km of roving weighs, this is
inverted from vyield, thus a smaller number
means a lighter roving, examples of standard
tex are 750tex, 1100tex, 2200tex).An individual
structural glass fiber is both stiff and strong in

tension and compression—that is, along its axis.

Although it might be assumed that the fiber is
weak in compression, it is actually only the long
aspect ratio of the fiber which makes it seem
so; i.e., because a typical fiber is long and
narrow, it buckles easily.

On the other hand, the glass fiber is unstiff and
unstrong in shear—that is, across its axis.
Therefore if a collection of fibers can be
arranged permanently in a preferred direction
within a material, and if the fibers can be
prevented from buckling in compression, then
that material will become preferentially strong
in that direction.Furthermore, by laying
multiple layers of fiber on top of one another,
with each layer oriented in various preferred
directions, the stiffness and strength properties
of the overall material can be controlled in an
efficient manner.

In the case of glass-reinforced plastic, it is the
plastic matrix which permanently constrains
the structural glass fibers to directions chosen
by the designer. With chopped strand mat, this
directionality is essentially an entire two
dimensional plane; with woven fabrics or
unidirectional layers, directionality of stiffness
and strength can be more precisely controlled
within the plane.A glass-reinforced plastic
component is typically of a thin "shell"
construction, sometimes filled on the inside
with structural foam, as in the case of
surfboards. The component may be of nearly
arbitrary shape, limited only by the complexity
and tolerances of the mold used for
manufacturing the shell.

These rovings are then either used directly in a
composite application such as pultrusion,
flament wounding (pipe), gun roving
(automated gun chops the glass into small
lengths and drops it into a jet of resin,
projected onto the surface of a mold), or used
in an intermediary step, to manufacture fabrics

such as chopped strand mat (CSM) (made of
randomly oriented small cut lengths of fiber all
bonded together), woven fabrics, knit fabrics or
uni-directional fabrics.

Process: Resin is mixed with a catalyst (e.g.
butanox LA) or hardener if working with epoxy,
otherwise it will not cure (harden) for days/
weeks. Next, the mould is wetted out with the
mixture. The sheets of fiber glass are placed
over the mould and rolled down into the mould
using steel rollers. The material must be
securely attached to the mould; air must not be
trapped in between the fiber glass and the
mould. Additional resin is applied and possibly
additional sheets of fiber glass.

I METHODOLOGY FOR SPECIMEN PREPARATION

FABRICATE  HYBRID  LAMINATED  COMPOSITE
SPECIMENS WITH E-GLASS AND CARBON FIBER
COMBINATION AS PER ASTM STANDARDS.
EVALUATE THE MECHANICAL PROPERTIES (TENSION,
FLEXURAL AND COMPRESSION) OF THE ABOVE
COMPOSITE.

DETERMINE THE MECHANICAL PARAMETERS FOR
THE SPECIMENS UNDER DIFFERENT ORIENTATION OF
THE FIBER.

ASSESS THE POST STATIC TEST RESULTS AND
EVALUATE THE EXTENT OF DAMAGE OF HYBRID
COMPOSITE SPECIMENS WITH THE CARBON FIBER
SPECIMENS.

Discuss THE RESULTS OBTAINED FROM THE
EXPERIMENTATION AND ANALYSIS BY USING ANSYS
AND FINALLY TO CONCLUDE THE PERFORMANCE OF
COMPOSITES ABOUT ITS MECHANICAL
CHARACTERISTICS FOR VARIOUS APPLICATIONS.

A. PREPARATION OF SPECIMEN

« Carbon fiber & Glass fiber material
consisting of extremely thin fibers about
0.005—-0.010 mm in diameter and composed
mostly of carbon atoms.

The process by which most carbon
fiber-reinforced polymer is made varies,
depending on the piece being created, the
finish (outside gloss) required, and how
many of this particular piece are going to be
produced.
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Glass-reinforced plastic or GRP is a
composite material made of a plastic matrix
reinforced by fine fibers made of glass

The bi-woven clothes are available in the
standard form of 0.37mm thickness.
Bi-Woven cloths are cut to the required size
& shape.

These cloths are stacked layer by layer of
about 5 layers to attain the thickness of
2mm as per the ASTM Standard Specimen.
Bonding agent (epoxy resin and hardener) is
applied to create bonding between 5 layers
of sheet, in the ratio of 2:1.

The process of polymerization is called
"curing", and can be controlled through
temperature and choice of resin and hardener
compounds; the process can take minutes to
hours. Some formulations benefit from heating
during the cure period, whereas others simply
require time, and ambient temperatures.
Process of vacuuming will be done to remove
air traps exist between the layers. Vacuuming
& Room curing to be done about 3hrs. After
curing process the materials cut to the required
size & Shape as per ASTM Standard.

Fig-1 Specimens as per ASTM Standards

B. Evaluate the mechanical properties

Tensile test: Consider the typical tensile
specimen shown in Fig 2. It has enlarged ends
or shoulders for gripping. The important part of
the specimen is the gage section.

1400 250

2500

Fig-2 Tensile Specimen Dimensions as per
ASTM D-3039

The cross-sectional area of the gage section is
reduced relative to that of the remainder of the
Specimen so that deformation and failure will
be localized in this region. The gauge length is
the region over which measurements are made
and is centered within the reduced section. The
distances between the ends of the gage section
and the shoulders should be great enough so
that the larger ends do not constrain
deformation within the gage section, and the
gage length should be great relative to its
diameter. Otherwise, the stress state will be
more complex than simple tension.

The most important concern in the selection of
a gripping method is to ensure that the
specimen can be held at the maximum load
without slippage or failure in the grip section
Bending should be minimized.

Flexural Testing: Flexural strength is the ability
of the material to withstand bending forces
applied Perpendicular to its longitudinal axis.
Sometime it is referred as cross breaking
strength where maximum stress developed
when a bar-shaped test piece, acting as a
simple beam, is subjected to a bending force
perpendicular to the bar. There are two
methods that cover the determination of
flexural properties of material: three-point
loading system and four point loading system.
As described in ASTM D7264, three-point
loading system applied on a supported beam
was utilized. Flexural test is important for
designer as well as manufacturer in the form of
a beam.

20,0

130.0 _
Fig-3 Specimen Dimensions as per ASTM
D-3039

Compression test: Compression testing is also a
fundamental materials science test in which a
sample is subjected to uniaxial compressive
load. The results from the test are commonly
used to select a material for an application, for
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quality control and to predict how a material
will react under other types of forces.

The most common testing machine used for
compression test is a Universal Testing
Machine (UTM).

1500

13000y

Fig-4 Specimen Dimensions as per ASTM
D-3039

[l EXPERIMENTAL RESULTS AND FEA RESULTS
A. TENSILE TEST RESULTS
TABLE-1 TENSILE TEST EXPERIMENTAL RESULTS AND

FEA RESULTS
Ei)::: Expe
Sampl Fibre | ntal FEA | rime FEA
€ orien | Stres Stre | ntal displace
Thickn . ss displ P
tatio s ment (
ess N (Mpa (Mp | acem mm)
(mm) )p a) ent (
mm)
219. | 227.
o
2 90 ) 03 7.9 9.48
2 602 | 53.6 551'5 9.45 11.32
2 452 | 43,6 43'1 134 13.31

B. FLEXURAL TEST RESULTS
TABLE-2 FLEXURAL TEST EXPERIMENTAL

RESULTS AND FEA RESULTS
Expe .
Sam . rime Experi FEA
ple Fibr ntal FEA | ment disol
Thic | e Stre | al P
. Stres . acem
knes | orie ss displa
S ent
s ntat (Mp | ceme
: (Mpa (
(m ion ) a) nt mm)
m) (mm)
288. 325. 10.8
o
2 90 32 35 10.7 9%
157. 158. 15.9
o
2 60 59 27 18.2 4
118. 123. 19.1
o
2 45 15 )8 24.1 3

C. COMPRESSION TEST RESULTS
TABLE-3 COMPRESSION TEST
EXPERIMENTAL RESULTS AND FEA

RESULTS
Exp

Sa Fib erimen Expe :E
mple e tal FEA | rimental disola

Thick - Stre | Stress | displace P
orient ceme

ness - Ss (Mpa) ment

(mm) ation (Mpa) (mm) nt
(mm)
2 90° 2.83 | 2.344 34 35.78
2 60° 0.50 | 1.0049 43.8 | 47.94

2 | aw| 9% 02089 | 804 |799

IV. CONCLUSION

When composite materials are designed, the
reinforcements are always oriented in the load
direction. However if the load direction is
variable and not parallel to the fibres it
becomes more important to investigate the
laminate mechanical behaviour. To investigate
the effect of fibre orientation, +45° +60 %and
+90° were selected under this study. Specimens
with different fibre orientation Were Prepared
under the same condition as discussed earlier.
The experimental investigations used for the
analysis of tensile, flexural and compression
behaviour of carbon and E-glass fibre
reinforced polymer laminates leads to
following conclusion.

The experimental results shows that the
tensile, flexural and compression strength is
affected by the fibre orientation significantly
summarized below;

e The tensile, flexural and compression
strength is superior in case of 45°
orientation.

e More load is required for fracture of

laminates in case of 90° orientation.
More elongation is observed in case of
45%rientation.

e The elongation is minimal in case of
90%rientation.

e Specimen sustain greater load in
90%rientation as compared to other

orientations.
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Young’s modulus is more in case of
90%rientation.

Young’s modulus of specimens is increases
with decreases in thickness of the
specimen.
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Abstract-In last decade use of advanced
electronics and digital equipment’s in health
care services are increased. In fact in most of
the hospitals physicians’ diagnosis their
patients by relying on the provided electronic
and digital data (such as Ultrasound, CT,
MRI).This results in generation of large
number of electronic digital data (i.e. medical
images) continuously act various health care
centers and hospitals around the world.

This paper focus on the study of ultrasound
images watermarking methods for protecting
and authenticating medical data. It consist of
watermarking technique on Region of
Non-Interest(RONI) of the medical image
preserving Region Of Interest(ROI).The
medical images can be transferred securely by

embedding watermark in RONI allowing
verification of the legimate changes at
receiver end without affecting

ROl.Watermarks conveying patients personal
and examination data. In purposed system
ROl indicated by physician for correct
diagnosis purpose.Orignal image is
decomposed into 2-level discrete wavelet
transform (DWT) along with singular Value
Decomposition (SVD) for watermarks. The
experimental result shows the satisfactory
performance of the system to authenticate
the medical images preserving ROI.

Keywords-Ultrasound image, Wavelet
transform, Singular Value Decomposition,

Watermark, Region Of Interest (ROI), Region
Of Non-Interest (RONI).

I.LINTRODUCTION

Now a day’s most physicians rely on Computed
Tomography (CT), Magnetic Resonance Imaging
(MRI),Ultrasonic and the traditional X-Ray
images to diagnose their patient accurately,
therefore the exchange of medical images
between hospitals has become common in
order to share the information for diagnostic,
on the other hand, this process needs a
considerable amount of memory and
bandwidth. One way to overcome this problem
is to have the complete medical information of
a patient available in one entity rather than
over several information systems. This
exchange of medical images shows three
advantages[1]1:Confidentiality means that only
entitled persons have access to the information
since some patients do not like to expose their
information to the public.2:Reliability which
includes: Integrity means the information has
not been modified by unauthorized users and
Authentication, which is a proof that the
information belongs to the correct patient and
is issued from the right source.3:Availability
which means the access to the information for
authorized persons. Different kinds of
watermarks meet the parameters of
imperceptibility, robustness and capacity to
different degrees, these parameters usually
conflict with each other. Therefore, an
application-dependent trade-off between them
is necessary. Medical images are usually
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comprised of region of interest (ROI) and
region of non interest (RONI)[2].The portions of
an image which include the significant
information for diagnosis are called ROl and
therefore should be remained intact during the
watermarking (embedding) process. The rest of
image is called RONI and hence the watermark
may be included in such region. It has been
shown that employing digital wavelet
transform (DWT) in watermarking of image
information shows priority over other data
hiding algorithms, especially when DWT is
combined with other techniques to improve
the robustness [3, 4]. Singular value
decomposition (SVD) is one of the most
convenient tools of linear algebra with several
applications in image compression,
watermarking and other areas of signal
processing. Most SVD- based watermarking
schemes modify the singular values of host
image by the singular values of watermark.

This paper presents a watermarking algorithm
for medical images in which DWT and SVD are
exploited to produce a robust watermarking
method. Section2 provides a brief review on
Watermarking techniques and SVD concept. In
section 3, proposed embedding and extracting
algorithms are presented. This is followed by
experimental results in section 4 and discussion
on results and concluding remarks are
presented in the last section.

Il Watermarking methods

A:- Domain selection

Watermarking method can be distinctly divided
into two basic categories [5]: 1: Spatial domain
and 2: Frequency domain. Spatial domain
schemes embed watermarks in pixels of an
image directly. The least significant bit (LSB)
scheme is the most common method to embed
watermarks in an image [6]. The main
advantage of this approach is its simplicity
while it presents a low robustness which is its
main  disadvantage.2: Frequency domain
watermarking, for example, using the DFT
(Discrete Fourier Transform), DCT

(Discrete Cosine Transform) and DWT (Discrete
Wavelet Transform) which are difficult to

detect the watermarks. Discrete Wavelet
Transform has excellent spatial localization,
frequency spread, and  multiresolution
characteristics similar to the theoretical models
of the human visual system (HVS). The HVS
splits an image into several frequency channels,
which each channel processes  the
corresponding signals independently, the
dyadic wavelet decomposition performs the
similar image resolution by dividing the image
into different bands with different frequency.
2-D DWT process the image by 2-D filters in
each dimension. The filters divide the input
image into four non-overlapping multi
resolution sub-bands LL, LH,HL and HH. HH, HL
and LH contain the diagonal, horizontal and
vertical details of the image, respectively while
the LL sub-band contains the coarse details of
the image. To obtain the next coarser scale of
wavelet coefficients, the LL sub-band is further
decomposed until L-level wavelet coefficients

are produced. Fig. 1lilluminates 2-level
decomposition.
A2 H2
-
V2 D2
V1 D1

Fig. 1.2- level DWT composition

The approximation sub-band is not selected
because manipulation of the low frequency
sub-band will impose sever degradations on
the reconstructed image as the most of the
energy is concentrated in this sub band. The
sub-bands which have higher energy are more
robust against common attacks. Therefore, in
the second level of wavelet transform, the 2
sub-bands with higher energy are selected as
the place to embed the watermark bits. These
sub-bands are divided to non-overlapping
blocks of 8*8 pixels and then the SVD
transform is used to these blocks.
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B:-Embedding of watermark in Region Of Non-
Interest (RONI)
Singular value decomposition (SVD) is one of
the most useful tools of linear algebra with
several applications in image compression,
watermarking and other areas of signal
processing [7]. SVD packs maximum signal
energy into a few coefficients as possible. Every
real matrix A can be decomposed into a
product of 3 matrices.

A=Usi™ (1)
where U and V are orthogonal matrices.

It is important to note that the singular value
decomposition of digital images presents the
following properties [8]

1) The singular value of image is stable which
means that it does not change much after
applying common attacks and so watermarked
image quality is not reduced and its changes
are not noticeable with human eyes.

2) Each singular value specifies the luminance
of an image layer while the corresponding pair
of singular vectors specifies the geometry of
the image layer. An important property of SVD
—base watermarking is that the largest of the
modified singular values against signal
processing attacks change very little.

3) This Singular value decomposition method is
used to embed the watermark in Region of
non-interest of the image.

Our approach focuses on embedding
watermark in RONI region of medical image by
preserving ROI. This approach helps in isolating
ROI region i.e. not to distort the critical area of
medical image, which will be referred by
physician for the diagnosis. The system
diagram for this approach is shown in Figure 2:-
The system process carried away in three
stages:

1. Watermark embedding process

2. Watermark extraction process

3. Watermark authentication process

In first phase of system separating the ROl from
the original medical image provides RONI
region for embedding watermark. This step
isolates ROI from embedding process. In this
phase multiple watermarks are embedded into
the RONI area of medical image. Embedding
multiple watermarks ensure high security of
medical image as it carries high payload and it
will be more complex to break the system.
Here fragile watermarking system is used to get
the benefit of identifying whether a medical
image is tampered or not? After the
completion of embedding process the
separated ROl is combined with the produced
watermarked medical image. The resultant
watermarked medical image is then sent to the
receiver.

Watermark Embedding Process

-

Figure:-2  Medical Image Watermarking

Approach Preserving ROI

In watermark extraction phase, first step is
separating the ROl from the watermarked
medical image. The remaining watermark
extraction process is exact reverse of
embedding process, where the embedded
watermark will be extracted from the
watermarked medical image. The watermark
authentication is achieved by comparing the
extracted watermark with the original
watermark. This process helps in identifying if
any tampering  manipulation to the
watermarked medical image over the public
network.
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Il Method

In recent days the wavelet analysis got a good
recognition in research and development area
due to its characteristic of providing time and
frequency information simultaneously. As per
research the retina of the eye splits an image in
to several frequency channels i.e.
approximately one octave. In multi resolution
decomposition the image is divided into bands
of equal bandwidth on a logarithmic scale.
There is lot of similarity between the signal
processing of the human visual system

(HVS) and scaling decomposition of the wavelet
transform which can be achieved by watermark
embedding to the masking property or
guantization method [9].

A:-Description
The watermarks used in this approach:
1. Doctor's identication code
2. Indexed watermark
3. Patient's reference identication code
4. Patient's diagnosis information
5. Patient's treatment information

The listed watermarks used in this proposed
watermarking scheme helps in addressing
different issues and concerns in healthcare
management system, Such as confidentiality of
medical data, recovering original image
without any distortion, data integrity,
authentication and efficient data management.
Confidentiality of medical data is achieved by
embedding watermark using Integer to Integer
Discrete Wavelet Transform (IDWT), which
confirms the imperceptibility property. This
property ensures the embedded watermark
will be invisible to the normal human eye and
the watermark can be extracted by the

one who knows the embedding and extraction
algorithm applied in this system. By applying
Inverse IDWT at the receiver end original image
can be recovered without any distortion. Also
the distortion to the ROl has already been
avoided by separating the ROl before
embedding the watermark in to the medical
image. Medical data integrity is achieved by
using fragile watermarking system, so any

manipulation on medical image data leads in
distortion of embedded watermark. For the
authentication purpose the included
watermarks such as doctor's identification
code, patient's identification code will ensures
the entitled users can accessor modify the

medical data. To provide efficient data
management in this system the indexed
watermark is embedded which helps in

retrieving the image for the future reference if
needed using database query. The watermarks
are inserted in different decomposition levels
and sub-bands depending on their type. They
can be independently embedded and retrieved
without any intervention among them. By
integrating this idea into different medical
acquisition systems like Ultrasound, CT and
MRI etc. This system can be applied in different
applications such as e-diagnosis or medical
image sharing

through picture archiving and communication.

IV Algorithm

In this algorithm the multiple watermarks
embedding technique is wused. Where
depending on the quantization of selected
coefficients  the multiple watermarks
embedding procedure is used. This prevents
any modification to the watermark bits by
granting integer changes in spatial domain of
medical image. This can be achieved by
applying 2-levl haar wavelet transform to
decompose the host medical image. Moreover
it gives the output as coefficients, which are in
the form of dyadic rational numbers. These
coefficients denominators are in powers of 2.
The multiple of 2' (I is decomposition level)
number adding or subtracting

to the produced coefficient value, assures that
the inverse DWT provide integer pixel values.
Wavelet transform generally provides the
coefficients which are real numbers. By
applying the quantization function it assigns
the binary number to every coefficient. This
quantization function is defined as
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Qo Sf)

Q0r) . B

(2)

Where s is a user defined offset for increased
security, f is frequency coefficient produced by
haar wavelet transform and , the quantization
parameter, is a positive real number. Moreover

A is defined as A=2. The quantization
procedure is shown in Figure 3:-
& ‘P s A s
| PR IR - ¥ i~
I bl I L ! I bl O |
..... 24 B 08\ A 24 J\__34 f
...... b { 4 1 b n

Figure 3:- Quantization Procedure

As explain earlier, addition or subtraction of a
multiple of 2'value to the haar wavelet
coefficient results in integer pixel values, after
applying inverse DWT. During the embedding
process the algorithm add or subtract an
appropriate constant to the haar coefficient
chosen for watermark casting.

A) The algorithm for embedding multiple
watermarks is explained below:

Step 1: Indicate the ROI region from the host
medical data by physician for proper diagnosis
purpose. Which results in image of RONI
region.

Step 2: Save the removed ROI from medical
image.

Step 3: The multiple watermarks to be embed
into a original image is generated by reading
the patient's information file from text
document.

Step 4: Apply the 2-level Haarwavelet
transform to original medical image to
obtained a gross image approximation at the
lowest resolution level and a sequence of detail
images corresponding to the horizontal,
vertical, and diagonal

details at each of the two decomposition levels.
Step 5: On each decomposition level the
watermark bitwise is embedded into the key
determined coefficient f, which is obtained by
applying wavelet transform according to the
following condition:

1. If Q(f) = w;, the coefficient is not modified
2. Otherwise, the coefficient is modified so that
Q(f) = w;, using the following equation:

f=f+4;iff<0
(3)
f=f-n;iff20
(4)

Step 6: The pre watermarked image is
produced by performing the corresponding two
level inverse wavelet transform.

Step 7: The resultant watermarked image is
obtained.

B) The watermark extraction process

It is similar to that of embedding one except
that at the receiving end extractor should have
the knowledge of location of the embedded
watermark. This can achieve by the key based
embedding and detection. With this type of

method access to the watermark by
unauthorized users is
prevented. The algorithm for extraction

process to recover the host medical image is
explained below.

Stepl: The resultant watermarked image is
taken.

Step2:Apply the 2level haar wavelet transform
to the image which is created from step 1,
which results in a image approximation at level
two and sequence of images corresponding to
the horizontal, vertical, and diagonal details at
each of the two decomposition levels.

Step3: Identify the location of watermark by
key based detection.

Step4: Extract the watermarks by applying
quantization function defined in equation (2)
which recovers the original coefficient. Convert
the extracted binary watermark to text
watermark.
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Step5: The pre output image is obtained by
applying inverse 2-level haar wavelet
transform.

Step 6: Finally get the original host ultrasound
image.

V RESULTS

For testing purpose 50 ultrasound images of
size 256x256 pixels; all images were collected
by the same physician using the same
equipment and ultrasound system settings, in
order to avoid deviation in image statistics.

A) Quantitative measures:-

1) Peak signal-to-noise ratio (PSNR):-

The quantitative assessment of the
quality of the watermarked images was
conducted using both the peak signal-to-noise
ratio (PSNR) and the weighted PSNR metrics.
The PSNR is not well correlated with perceptual
quality, however, it provides an efficient
measure of image distortion in terms of
numerical values, which convey important
information in medical applications, e.g., in the
case of diagnosis support systems.

The PSNR is measured in decibels and is
defined as follows:-

PSNR([I,T1)

( max I(m, H])
(m. n)

15
Ny LY(m

— 10log,q

ay (L (m,nn) I(m.n))?

(5)
wherel and / are the original and watermarked
images, respectively, Nl is the number of pixels
in the image, and maxVv (m, n) | (m, n) is the
maximum gray value of the original image. The
denominator of the PSNR is the average sample
mean squared error.
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Sr | Ultrasoun | PSNR(dB | Image | MAE
No | dImages ) Qualit
y
Index
1 43.8720 | 0.9647 | 3.149
0
2 43.5463 | 0.9554 | 2.900
7
3 45,9946 | 0.9424 | 2.771
2
4 441299 | 0.9618 | 2.708
5
5 44,9521 | 0.9248 | 2.924
0
6 46.6103 | 0.9514 | 2.471
6
7 46.7202 | 0.9557 | 2.421
8
8 46.3375 | 0.9171 | 2.573
9
9 46.2318 | 0.9625 | 2.623
3
10 46.3672 | 0.9513 | 2.533
0
VI. Conclusion
There exist  various medical image

watermarking algorithms which provide the
confidentiality of medical
original image without any distortion, data
integrity, authentication and efficient data
management. Also the different segmentation
algorithms are in place, which vary for the
types of medical images such as MRI, CT scan,
X-ray and Ultrasounds etc.

data,

recovering
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Here the proposed system used an algorithm to
embed watermark image in Region of
Non-interest (RONI) without affecting Region
Of Interest (ROI).The ROl region which is
considered as a critical data and used as a
reference by the physician for the treatment
will be safe. Singular value decomposition has
become one of the most popular watermarking
algorithms. In this Paper we uses the
combination of digital wavelet transform and
SVD has been presented. Experiments proved
that the algorithm can embed the watermarks
into images and the detector can retrieve the
original image.
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