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To Influence the Process Parameters of CNC Milling Machine
using the Taguchi Method on Hot Die Steel H-13

Parveen Kumar*, Deepak Choudhary**
*Scholar (MED)/ Yamuna Institute of Engg. & Technology Jagadhri, Yamunanagar/Haryana
**Asstt. Proff. (MED) / Yamuna Institute of Engg. & Technology Jagadhri, Yamunanagar/Haryana

ABSTRACT

Ve

In order to build up a bridge between quality and productivity, the present study highlights optimization of\
CNC milling process parameters to provide high material removal rate (MRR). The material removal rate
(MRR) have been identified directly related to productivity .In this paper Taguchi method is applied to find
out the influence of various machining parameters like Spindle speed (SS) , feed rate (FR), depth of cut
(DOC) on the quality characterstic Material removal rate (MRR) using Hot Die Steel H-13 work piece on
Vertical CNC Milling machine. A L9 Orthogonal array is used to carry out the various experimental data
in Mini Tab 15. Results obtained are plotted by Main effects MRR v/s SS, FR,DOC . The experimental
results shows that in order to increase the productivity the quality characteristic MRR is optimised by the

increase of control parameter Spindle speed & Depth of cut.

In this study, it was observed that, the order of significance of the main variables is as Spindle speed , depth
of cut ,feedrate.

Keywords: Hot Die Steel H-13, Vertical Milling Machine, Taguchi Method.

. J/

INTODUCTION:

Robust design is an engineering methodology for obtaining product and process conditions, which are
minimally sensitive to the various causes of variation to produce high-quality product with low
development and manufacturing costs. Various optimizations' techniques are being used by
technologists and researchers to optimize the process. Engineering optimization provides engineers
with a rigorous, systematic method for rapidly zeroing in on the most innovative, cost effective
solutions to some of today's most challenging engineering problems; optimization is a powerful tool of
the trade for engineers in virtually every discipline (Rao 2001). Taguchi's parameter design is an
important tool for robust design. It offers a simple and systematic approach to optimize design
performance, quality and cost.
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MATERIAL & METHOD

STEPS: TAGUCHI
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Determine the quality characte
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Analyze the data and determine the optimum levels for control factors

Predict the performance at these [evels

MATERIALDESCRIPTION:

Sr. Product descrinti Size of the | Weight of the | Main Constituent of | Tool
no. roduct description material(mn‘?i) material (Kg) Hot Die Steel H13 |Material
Hot Die steel H13
Alloy steel/die Solid
1 140X100X25 33 I
steel/carbon ron Carbide
steel/tool steel

i

Side view of H-13 material

Indian Journal of Mechanical and Thermal Engineering (Volume- 7, Issue - 03, September - December 2023)

Page No.130



EXPERIMENTALWORK:

Control Parameters & their alternative levels by the use of L9 Orthogonal array data obtained from

Mini

Tab 15 are Tabulated as:
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SR.NO.| SPINDLE SPEED(rpm) | DEPTH OF CUT (mm) FEED RATE (mm/teeth)
1 1500 0.2 0.05
2 1500 04 0.07
3 1500 0.6 0.09
4 2500 0.2 0.07
5 2500 04 0.09
6 2500 0.6 0.05
7 3500 0.2 0.09
8 3500 04 0.05
9 3500 0.6 0.07
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=

Opertions on CNC Milling Machine

RESULTS & DISCUSSION:
SPINDLE DEPTH OF| FEED RATE ( |MACHINING| MRRin
SPEED(rpm) | CUT(mm) mm/teeth) TIME(Sec) mmsec
1500 0.2 0.05 20 13.13
1500 0.4 0.07 17 30.89
1500 0.6 0.09 15 52.52
2500 0.2 0.07 12 21.88
2500 0.4 0.09 9 58.36
2500 0.6 0.05 15 52.52
3500 0.2 0.09 8 32.82
3500 0.4 0.05 11 47.75
3500 0.6 0.07 9 87.54
Main Effects Plot for Means
Data Means
Spindle Speed Dac
60 4
50 - / /
40 - /
2 30- /
L E— . . . . .
= 1500 2500 3500 0.2 0.4 0.6
£ Fr
f 60 -
50 1
40 - —
304
20 - : : :
0.05 0.07 0.09
Main Effects (MRR)
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As there are numbers of parameters which affect the material removal rate in Vertical CNC milling
machine . According to present work conditions mainly three cutting parameters named Spindle speed,
Depth of Cut , Feed rate may be selected and optimize the Material Removal rate using the DOE in
Minitab sof tware package.

In this case the experimental results demonstrate that the Spindle speed and DOC are the main
parameters that influence the MRR of Vertical CNC milling machine. The graph MRR v/s Spindle
speed, depth of cut shows that as the MRR is directly proportional to spindle speed & DOC.

The optimum value of MRR is 87.54 mm3/sec.obtained at Spindle speed 3500 r.p.m. & 0.6 mm of feed
rate. So as we increase the Spindle speed & Depth of cut the MRR also increase.
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(6061) by using Different Tool Shapes in
Friction Stir Welding

Yadvinder Singh*, I. C. Ramola**
*Student/Ambala College of Engg. And Applied Research (Mithapur)/MED/KUK/Haryana
** Assistant Professor/ Ambala College of Engg. And Applied Research,
Mithapur,/Med/Kuk/Haryana

ABSTRACT

properties to that of square pin tool profile.

Keywords: Al-Alloy (6061), High Carbon Steel Tool, Mechanical Property (Tensile)

.

In this experimental work, an extensive investigation had been carried out on Al Alloy (AA6061) grade
aluminum alloy plates. This material is taken under investigation due its popularity in aircraft. The
material of weld tool used High Carbon Steel. The tool material is used high carbon steel due to its low
wear rate. Hence an attempt has been made to study the effect of influence of tool shape on the mechanical
properties (tensile strength) of (AA6061) in single and double sided friction stir welds in this project. In
this work the speed of tool rotation were taken as 3080 rpm, transverse speed as 30mm/min. and tool tilt
angle was taken as 20. In both single and double pass, the highest tensile strength of the joints was
obtained by using the square pin profile tool. The square pin profiles tool is best and tensile strength
significantly decreases for, cylindrical, triangular and threaded pin profile tool due to defect formation. In
double sided weld, the joints fabricated by cylindrical pin profiled tool showing almost matching tensile

~N

J

Friction stir welding (FSW), a solid-state welding process was invented and experimentally proven by
Wayne Thomas and a team of his colleagues at the Welding Institute UK and patented by the TWI in
1991, emerged as a welding technique to be used in high-strength alloys that are difficult to join with
conventional technique . The process was developed initially for aluminum alloys, but since then FSW
was found suitable for joining a large number of materials. In aeronautics, for instance, riveting is the
preferred manufacturing process for aircraft fuselage structures; nevertheless, In FSW process, a non-
consumable rotating tool, consisting of a shoulder and profiled probe or pin, is forced down into the
joint line under conditions where the frictional heating is sufficient to raise the temperature of the
material to the range where it is plastically deformed as shown in figure. In friction stir welding (FSW) a
rotating cylindrical, shouldered tool with a profiled probe penetrates into the material until the tool

shoulder contacts with the upper surface of the plates, which are butted together as shown in

<
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The parts have to be clamped on to a backing bar in a manner that prevents the abutting joint faces from
being forced apart. Frictional heat is generated between the wear resistant welding tool and the material
of the work pieces. This heat causes the later to soften without reaching the melting point and allows
traversing of the tool along the weld line. In aluminum alloys, the mechanical properties of friction stir
welds are usually better than those produced by conventional gas metal arc welding. Most of the work
in friction stir welding has been done on aluminum alloys, where the mechanical properties were near
those of the base plate. A number of potential advantages of FSW over conventional fusion-welding
processes have been identified Good mechanical properties in the as welded condition. Improved
safety due to the absence of toxic fumes or the spatter of molten material. No filler materials are
required.

COMPOSITION OFALALLOY6061
The base material (BM) used in this investigation is aluminium alloy (AA6061). The chemical
composition of the material is given in Chemical composition of aluminium alloy (AA6061)

Material Mg Cu Mn Si Fe Cr Al
AA6061 | 0.8-1.2 % [ 0.15-0.40% |[0-0.15% | 0.40-0.80% | 0-0.7% | 0.04-0.35% | Remainder

TOOLUSED FORSET UP

Diameter of tool head used 17 mm.
Dimensions of welding tools are given below length of tool — 50 mm, head diameter- 17 mm

For Single sided friction stir welding
1. Straight Cylindrical (SC) —pin diameter-5mm and pin length— 6 mm
2. Square (SQ)- pin dimensions —(5x5)mm , diagonal 7 mm and pin length — 6 mm
3. Cylindrical Threaded (TH) — pin diameter 6mm , pitch of thread- 0.7 mm, pin length- 6 mm
4. Triangular (TR)—diagonal — 5mm, pin length- 6 mm

Similarly four shapes of tools being used for double sided FSW dimensions are given below
1. Straight Cylindrical (SC) —pin diameter-5mm and pin length—3 mm
2.Square (SQ)- pin dimensions — (5x5)mm , diagonal -7 mm and pin length—3 mm
3. Cylindrical Threaded (TH) — pin diameter 6mm , pitch of thread- 0.7 mm, pin length- 3mm
4. Triangular (TR)—diagonal — 5mm, pin length- 3 mm

All tools were machined on the basis that the maximum shank diameter of tool should be 17 mm.
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PROCEDURE FOR FRICTION STIRWELDING

First of all seventeen pieces having size 100x50x6mm of AA6061 material are prepared for friction stir
welding purpose. For this firstly AA6061material blank is pressed in a press to make it straight and
stress free. After that from this material blank, thirteen plates of size 100x50x6mm are cut on shaper
machine as shown in figure. After cutting plates of proper size, then the edges of these plates are made
straight by passing cutting tool at angle 90° simultaneously on all the pieces. Then these plates are made
burr free by filing so that when two plates are kept in fixture simultaneously for friction welding, then
there should not be any gap present between two pieces in order to make better samples for friction
welding. In this work the tool rotation speed kept constant at 3080 rpm, transverse speed was
30mm/min. and tool tilt angle was taken 20.Tool tilt angle given to provide required pressure in the
welding.

RENENEY
R 2

TENSILE TESTING

Tensile testing, also known as tension testing, is a fundamental material science test in which a sample
is subjected to a controlled tension until failure. The results from the test are commonly used to select a
material for an application, for quality control, and to predict how a material will react under other types
of forces. Properties that are directly measured via a tensile test are ultimate tensile strength, maximum
elongation and reduction in area. A tensile specimen is a standardized sample cross-section. It has two
shoulders and a gauge (section) in between. The shoulders are large so they can be readily gripped,
whereas the gauge section has a smaller cross- section so that the deformation and failure can occur in
this area.

Steps involved before the test were

1. Make gauge marks on the specimen.

2. Measure the initial gauge length.

3. Load scale to deform and fracture the specimen taken is Kgfon UTM.

Specimen’s Dimensions
Before testing welded specimen (single and double sided) were assigned number as S1to S4 for single
pass specimen and S5 to S8 for double pass specimen.
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Sr. No. | Specimen name| Type of weld pass Tool shape
1 S1 Single Square
2 S2 Single Straight cylindrical
3 S3 Single Cylindrical threaded
4 S4 Single Triangular
5 S5 Double Square
6 S6 Double Straight cylindrical
7 S7 Double Cylindrical threaded
8 S8 Double Triangular
9 S9 Base metal -

Steps followed during the tensile test.
1. Record the maximum load.
2. Conduct the test until fracture.

After the test Measure the final gage length and calculate Elongation. The length has been measured
according to the gage marking. Mechanical properties which had been tested are

a. Ultimate tensile strength

b. Percentage of elongation

c. By finding UTS, joint efficiency of samples

RESULTS AND DISCUSSIONS

The welded specimens were put under tensile testing and the values of ultimate tensile strength,
percentage elongation and joint efficiency were noted. The results of tensile loading of the base metal
and welded specimens in single and double pass are shown in Table 1, Table 2 and Table 3 respectively.
The variation of ultimate tensile strength, percentage elongation and joint efficiency are shown in
Graphs 1- 3 respectively.

Formulae used for mechanical testing are given below
Stress :- Load/Area All load values we got from testing are in Kgf. For conversion of kgfinto N/mm?2:-1
kgf:-9.8 N/mm2

1. Percentage Elongation :- (Final length —initial length)/100

2. Joint Efficiency :- UTS of welded specimen/UTS of base metal

On the basis of above formulae, we can make the Table for tensile testing of specimen in single and
double pass.

TABLE 1 Tensile Test Results of Base Metal

Specime Ultimate Tensile Strength Percentage Elongation
n No. | Area(in mni) | Load (kgf) | Stress (N/mmz) Elongated Length (mm) % Elongation
S9 87 1150 130 56.5 11.5
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TABLE 2 Tensile testing Results of welded specimen in single pass

Speci Ultimate Tensile Strength| Percentage Elongation Joint
Pe;;me . 2| Load (kef) Stress Elongated % Efficiency
n No.

Area(in mm g (N/mnt) |Length (mm) Elongation (%)
S1 144 1248 85 55.3 9.5 65.3
S2 142.8 1208 83 54.25 7.8 63.8
S3 144 1104 75 53 5.6 57.6
S4 142.2 1148 79 54.1 7.5 60.7
TABLE 3 Tensile testing Results of welded specimen in double pass
Speci Ultimate Tensile Strength| Percentage Elongation Joint
pecime Stress Elongated % Efficienc
No. in mn?| Load (kgf gate ° Y
n No. | Area(in mn1| Load (kef) (N/mmz) Length (mm) Elongation (%)
S5 139.2 1292 91 55.45 9.8 70
S6 144 1280 87 55.38 9.7 66.9
S7 44.6 1132 77 54.2 7.7 59.23
S8 143.1 1208 83 55.2 9.4 63.8
100
a5
90
SINGLE
85
Il pousLe
80 i
©
o
S I
a
|_
- o —
sQ sC TH R
Graph 1 Variation of Ultimate Tensile Strength
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Tensile properties of FSW joints i.e. ultimate tensile strength, percentage elongation and joint
efficiency were evaluated. From the graphs, it can be seen that the tool profile and passing of tool in full
depth in single pass and half'in double pass are having influence on tensile properties of the FSW joints.
In both single and double pass, the highest tensile strength of the joints was obtained by using the square
pin profile tool. The square pin profiles tool is best and tensile strength significantly decreases for
cylindrical, triangular and threaded pin profile tool . Square tool pin profile tool exhibited superior
tensile properties compared to other joints,. Similarly, the joints fabricated by triangular pin profiled
tool are also showing almost matching tensile properties to that of square tool profile in double sided
weld. The joints fabricated by single pass have shown lower tensile strength and lower percentage of
elongation compared to the joints fabricated by double pass and this trend is common for all the tool
profiles. The joints fabricated by threaded pin profile tool in single sided weld shown inferior joint
efficiency.
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CONCLUSIONS

In this investigation an attempt has been made to study the effect of tool pin profile (square, straight
cylindrical, threaded and triangular) on the formation of friction stir processing zone in a single and
sequential double sided friction stir weld in Al Alloy (Aa6061). From this investigation, the following
important conclusions are derived:

(D) The joints fabricated by double pass weld have shown higher ultimate tensile strength and also
higher percentage of elongation as compared to the joints fabricated by single pass for all the
tool profiles.

(i1) Square pin tool having superior joint efficiency among all tool profiles.

(ii1) The joints fabricated by threaded pin profile tool in single sided weld shown inferior joint
efficiency due to crack formation.

(iv) The joints fabricated by double pass weld have shown higher ductility as compare to the joints
fabricated by single pass for all tool shapes.
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ABSTRACT

We propose a stabilized mixed finite element approach for the numerical simulation of heat transfer inside
industrial furnaces with horizontal burners. The emphasis in this studly is on large furnaces used for glass
processing at moderate temperatures. The governing equations consist of thermal incompressible Navier-
Stokes equations subject to the Boussinesq approximation to account for the changes in density. The
numerical solver is based on combining the modified technique of characteristics with a Galerkin finite
element discretization of the equations in primitive variables. It can be interpreted as a fractional step
method where the convective part and the Stokes/Boussinesq part are treated separately. This solver
avoids projection techniques and does not require any special correction for the pressure. We verify the
method for a furnace with a single side operation of burner and with both sides operation of burners
installed on the walls of the furnace. The proposed stabilized finite element method has been found to be
feasible and satisfactory.

Keywords - Heat Transfer inside Industrial Furnaces, Mixed Finite Element Method.

. J/

L.INTRODUCTION

Furnaces have been widely used in the industry for decades and many researchers have been carried out
to improve their performance [1]. Numerical methods in CFD, computational fluid dynamic can be a
tool for design and simulation of heat transfer in furnace including burners and moving structures. The
emphasis in this work is to simulate heat transfer in a furnace used for glass processing by incorporating
burners. As first stage of the work, we focus on simulation of coupled convective flow and heat transfer
in the furnace without accounting for radiation, combustion and deformation of glass sheet. Most of
FEMs, finite element methods fail to resolve these problems mainly due to thermal boundary layer and
high Reynolds numbers. In order to stabilize this class of finite element, we propose a Galerkin-
characteristic procedure for which the convective and diffusive parts in the governing equations are
solved separately. This method is highly accurate and unconditionally stable. Numerical results are
presented for three test examples namely a furnace with single burner on the right hand side wall, a
single burner on the left hand side wall and operation of both burners (left and right sides). The main
challenges in this process are keeping a required temperature distribution over the entire glass sheet
inside the furnace; avoid the presence of cracks and wrong bending. Moreover, controlling the
temperature over the surface of the glass sheet can be done by controlling time, operation, location and
the number of the burners on the left and right walls of the furnace in order to ensure the desirable results
and prevent overheating. However, too low temperature inside the furnace chamber can also lead to a
negative impact on the fuel consumption and the bending (deformation) process [2]. Furthermore,
mapping data technique is one of the problems which happen due to the presence of advection terms in
the fluid governing equations which can result in nodes oscillations at high Reynolds numbers. To
overcome with these challenges, this paper addresses certain strategies: first, a uniform mixed FEM to
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solve the heat flow. Likewise, Incompressible Navier-Stokes equations are considered for fluid as the
burners blow the fire in a large volume domain that makes the pressure variation small as compared
with the absolute pressure. Finally, the variation of density is considered only in the buoyancy term.
One of the challenges related to the numerical solution of Navier-Stokes equations is calculation of
pressure. Pressure is not a thermodynamic variable; this is the reason why there is no equation for
calculating the pressure. Mixed FEM is considered to avoid such challenge. Linear triangular elements
(three nodes) are taken into consideration for the pressure and quadratic triangle elements (six nodes)
are taken into account for the temperature and velocity. This technique allows us to solve Navier-Stokes
equations instead of interpolating lower degrees function. Furthermore, treated the numerical solution
of convection-diffusion problems has been done by splitting method to avoid problems created when
the convection term is dominant. Splitting method is done by solving the convection term first then the
diffusion term.

II. MATHEMATICALMODELLING
Fig. 1 represents a schematic of the geometry of the furnace studied in this work which consist of two-
dimensional cross sectional thermal convection current in a furnace (with horizontal burners).

I_r-
0.6m
¥ ]
Burner
1.8m B
am
l r
fmim
4m

Fig.1. Cross sectional view of a furnace.

The furnace is essentially at room temperature which is 300K. Since the fluid is Newtonian, all the
thermo physical characteristics are taken into account to be constant with the exception of density in the
buoyancy term: it can be modeled sufficiently by the Boussinesq approximation [3], neglecting viscous
dissipation and compression effects. Thickness of the structure sheet is very thin and heat radiation is
not considered at this stage of the study. To reduce turbulence and oscillation generated from the
convection term, low Reynolds number is considered. Combustion process is not considered as the
combustion process takes place outside the investigated domain. Based on these considerations, the
dimensionless incompressible Navier-Stokes are

V-u=0,
Du L 1,
= - e e (1)
DT 1 .
o V'T=0.
Dt PrRe
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Where u(x,t) is the velocity field, T the temperature, p the pressure, Re the Reynolds number and Pr
thePrandtl number. In (2), the material derivative of generic function w is

Dw dw
— — T ] '.}
Dt at 0= Vi (2)
Onthe domain boundary T=T_, UT, UT,,. The following conditions have been used.
u=0 on I'xU [
U = Uin on [in.
T=Tn on [.
T=Ts on [y.
n-VIi=0 on I.
-pn*i n-Vu=10 on s
Re

Initially, the flow is at rest with a room temperature T=300K. In all our simulations, Tb=300K,
Tin=1000K and uin=-10m/s.

II1. SOLUTION PROCEDURE

Since standard Galerkin discretization leads to the central difference approximation of differential
operators, Galerkin approximations to the convection equations usually suffer instability problems.
Among various approaches to improve stability, streamline upwind Petrov-Gealerkin, Taylor-Galerkin
and characteristic-Galerkin schemes have gained some popularity. Before applying the spatial
discretization, the characteristic-Galerkin scheme discretizes, the original equation in time along the
characteristic curves. It can be implemented in the framework of standard Galerkin finite element
formulation. In this section we briefly describe the ingredients of the numerical scheme used and for
more details we refer to [4, 5, 6] and further references are cited there in.

We chose a time step ot and descritize the time domain into subintervals [t , t ., ] witht, =nAtandn=0, 1,
.... We denote w'(x) = w(x,t,) for any genetic function w, we also denote by X(x, t,,;t) the characteristic
curves associated with the material derivative (2) which solve the following initial value problem

Wtasttl— g (X(X, ty; 1),
(x.t) €Q X [tn. tas1]. (3)
X(X. tpe1: tar1) =X
Notice that X(X. tpe1: 1) = (X(X. tas12 t). Y(X.tpe1:t))T is the departure point and represents the
position at time t of a particle that reaches the point x = (x.y)T at time t,.,. Hence. for all x
€Q =QvdQ and t € |t,. ty-1] the solution of (3) can be expressed as

to
X(x, th+1s tn) B f T:l u (X(x t n+l ? t),t)dt. (4)

Accurate estimation of the characteristic curves X(X.tn+1: tn ) 15 important to the overall
accuracy of the characteristic-Galerkin approach. In this paper, the technique utilized

was first proposed in [7] in the context of semi-Lagrangian schemes to integrate the
weather prediction equations.

The discretization of the space domainQ is proceeding as follows. Given 4, 0 <h, <1, let h be a partial
discretization parameter such that 0 <h < 4,. We generate a quasi-uniform partition Qh C ‘Q of small
elements 4, that satisfy the following conditions:
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elements of (.
(11) If 7; and J; are two different elements of €,

then.

1) Q= L{,‘”El J;. where Ne 1s the number of

I’; .a mesh point, or
J, 1 J, =4I}, a common sidc, or
@, empty set.

(i11) There exists a positive constant k such that forallj € {1, .....,Ne},j>k (hhjj <h), wheredj isthe
diameter of the circle inscribed in 4j and hj is the largest side of 4].

The conforming finite element spaces for velocity- temperature and pressure that we use are Taylor-
Hood finite elements Pm/Pm-1 i.e., polynomial of degree m 2 2 for {u, v, T} and polynomial of degree
m — 1 for p, respectively. An illustration is depicted in Fig. 2 for triangular mesh. It is known that for
such elements the discrete velocity-temperature and pressure fields satisfy the inf-sup condition. These

elements can be defined as

@ Velocity/Temperature nodes

&

o Pressure Nodes

Fig.2. definition of Taylor-Hood finite element.

Vi={v, €ECO(Q):v, |4
=19, €C0(Q):q,|
€S(%).V¥EQ,},
€S(4).V¥eQ,}.

Where CO (Q2) denotes the space of continuous and bounded functions in Q, S(.#) and R(¥) are
polynomial spaces defined in 4 as S( ) = Pm (%) for simplexes, S(.%) = )m(Z) for quadrilaterals,
R(Z) = P, (£) for simplexes and R(.%) = ),.,(#) for quadrilaterals. Hence, we formulate the finite
element solutions to u’ (x), v' (x), T'(x) and p'(x) as
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w=3M Un g, w=3M Vg,

i=1j h i=1]

TH—ZMAng pn—EHPnlIJ]
=1 i=1]
where M and N are respectively, the number of velocity-temperature and pressure mesh points in the
partition Q,. The functions U/, V", Anand P, are the corresponding nodal values of u (x,), v,(x,), Tn(x,)
and p/'(x,), respectively. They are defined as U,n=u,(xh), Vn=v,(x,), An=T,(x,),and P, =p (y,) where
{x;)M _,and {y,}M ., are the set of velocity- temperature and pressure mesh points in the partition Qh,
respectively, sothat N<Mand {y1,...,yN} C{x1,...,xM}.In(5), {{/j}" and {y }", arethe set of

(5)

slobal nodal basis functions of Vi, and Sy, respectively, characterized by the
property @i(xj) = 85 and yi(y;) = 85 with 3 denoting the Kronecker symbol.
Assuming that, for all j =1, ..., M, the pairs (@i: 3'1-).311(1 the mesh point values
[U“,j'V“.r"jun} are known, we compute the values L ‘;g“,?iﬂi} as

U ==up (X§) =X, U0 (X3)).
Vi = vy (X)) = Xy Vi O (X)) (€)

R =T Xp) = Zh A G (XD).
Then, the solution {ur (X)_. Vo (x), T (%) }h at the characteristic feet 1s obtained by

G () =31, 09, (a
@) =21 Vo, (x). (7

hx= Zj-1 A (X).

We should mention that the convectional characteristic-Galerkin methods in [4, 5] evaluate tin, ¥," and
T, using the L2- projection on the space of the velocity-temperature Vh. In many applications, the
evaluation of integrals in the L2 — projection is difficult and computationally very demanding.

We consider a projection-type procedure to solve the Stokes/Boussinesq problem, compare [8] for
similar method. Given {p",u", v", T"}, we compute the solution {p"",u"", v""", T""} as follows:

1. Solve for T»*1
Tn+1_-i-n 1

" Ve Tt =, (8)
| FrEe

2 Solve [or a2t

111+1 ~In

ﬁ—_._ ?p i "’l—ln-i-l ={TI.‘|+]. b s é) e [9)
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3. Solve for p
2. 1 o -+l
W st el ¢ (10)

4. Solve foru™™*
-n+1

“3+;_u .
™ +Vp=0. (11)

3. Update p™*?
Pl =pn 2. _ N

Note that Poisson problem (10) is established by taking the divergence of equation (11) and utilizing the
fact that V - u=0. In the solution procedure, four linear systems have to be solved at each time step to
update the solution {p,.,, u,.,, v,.;, T,.,} from (8)-(12). To solve these linear systems in our method we
have implemented a preconditioned conjugate gradient algorithm.

IV.PRELIMINARY RESULTS

Avery fine mesh which contains twice the mesh refinement of D is taken as a reference for the operation
of both burners on left and right sides of the furnace walls at a time t=10s and time step At=0.01 with
Re=500 (see Table 1 and Fig. 3). A horizontal cross sectional study taken y = 0.8 m (nodes and elements)
has been taken into account for the calculation of the error percentage and CPU time for the velocity,
temperature and pressure results for the five different meshes.

Horizontal cross sectional study covers the behavior of the heat flow across the furnace along the glass
sheet length. From these results, mesh C is taken into account for the study of operation under single
burner from the wall on left side, under single burner from the wall on right side and under both burners
from both sides as it has a considerable percentage of errors and CPU time. The governing equations are
solved in Qf as it is shown in Fig. 1. When the burner is firing, convection heat transfer plays an
important role in the distribution of temperature inside the furnace. Initially the furnace is at room
temperature of 300 K. On the walls I'w, the temperature is set to 300 K while the adiabatic boundary
conditions are for I's. For the burners, heat flow of 1000 K is injected with a velocity of 10 m/s and
computational results are illustrated at three different time intervals of (10, 30 and 60) s respectively
with a fixed Reynolds number of 500. The operation is firing using one burner on the right, on the left
and both at the same time.

The upper row of Fig. 4 shows the temperature distributions inside a furnace with both burners firing
from both sides using the mentioned density of elements at Re=500 for the three time intervals. The
second row (in the middle) represents heat flow from the burner installed on the right side of the furnace
wall at time (t=10, 30 and 60) s respectively. The third row illustrates the third application of firing
using burner installed on the left furnace wall. When the burner blows fire across the geometry of the
furnace chamber, it induces turbulence and motion. The forced convection heat transfer is the result of
the interaction between the fixed fluid inside the furnace which is at room temperature and the moving
stream of'the fire. The movement of the heat flow is very interesting. Two vortices can be observed from
streamlines flow.
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Fig. 5 show the horizontal cross sectional view for temperature distribution at t=10 s (the upper Fig.), at
t= 30 s and t=60 s for the middle and the lower Figs. respectively. Results show high temperature
fluctuations at the operation under two sides' burners as compared with single side burner. This is due to
the fact that the turbulent behavior which is the result from the temperature difference that occurs inside
the domain is high due to fewer amounts of heat sources. However, the operation under the right burner
has the least temperature cross sectional fluctuation as the heat tends to flow towards the ceiling and
accumulating at the right hand side of the furnace as the convection heat transfer drives the flow toward
that direction. Another reason behind the this disposal is Reynolds number. Reynolds number generates
flow vortices, eddies and wakes make the flow unpredictable during the transfer of heat from the hot
layers to the colder layers. Results utilizing these operations at time t=60 s showed more turbulence and
more temperature distribution variation as the temperature difference between the hot and the cold
fluids increases dramatically.

As aresult two vertices occur which force the heat flow to move downward towards the structure sheet.
The time record of the temperature capture the minimum temperature value of 300 K at the horizontal
cross sectional study with t= 10 s. This behavior in both operations of the left and the right burners firing
separately shows undesirable results as the hot air flows upward towards the roof curvature.
Convection heat transfer draws the flow towards the right side of the furnace leaving a considerable part
from the centre of the furnace. This kind of heat flow behavior took place due to the air inside the
furnace is still at room temperature which initially drag the heat away from the structure and towards the
sides of the furnace roof ceiling inner surface. It can be seen that the flow tends to float. However at a
certain time, the flow starts circulating and tends to movie downward due to the movement of the large
vertices generated from turbulence. Fig. 6 shows a horizontal cross sectional velocity at t=10 s (upper
Fig.), =30 s (middle Fig.) and t=60 s (lower Fig.) respectively. The reason behind this kind of behavior
is that when the flow gets heated up it becomes lighter and that hot light layers of the flow tend to move
upward leaving their position to other colder layers to move downwards due to gravity. This kind of
fluid conductance is the source of generating vortices. Those undesirable reasons that make the flow
accumulate at the roof curvature. It is clear that the heat flow distribution inside the furnace vary
dramatically. To reduce it, furnace must be covered with heat. Remarkable effects have been acquired
from the operation of dual burners on both sides. First, the flow starts moving upward and towards the
ceiling as the whole roof of the furnace is covered with heat which makes the flow unable to move
upward even when the fluid is less dense. However, vortices start generating and moving close to the
structure upper surface on both sides of the furnace. Heat accumulating at the side is due to higher
temperature difference that draws the flow towards the sides of structure sheet.

No. of elements | No. of nodes for | No. of nodes for | L-errorin T | L'-errorinu | Ll-error in p| CPUtime
Tu p (seconds)
Mesh A 12062 24554 6246 {11162 04826 0.7811 434
Mesh B 24085 48531 12373 (00483 0.1247 0.2559 u3y
Mesh C 48084 97046 24481 0.0107 0.0492 0.06%1 2007
Mesh D G6310 193938 45514 0.0081 0.0348 0.0457 3547
Ref. Mesh 192478 386692 57107 — — — 34645

Table 1: Results for the given meshes at time = 10 s.
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CONCLUSIONS

In the present study, convective heat flow has been simulated and studied inside a furnace numerically
utilizing a stabilized mixed finite element formulation for solving 2D incompressible non-
denominational Navier-Stokes equations. The presented results show the behavior of the heat flow
inside a furnace for three applications at the same Reynolds number. These results will enable us to: (i)
control the desired temperature distribution over the glass sheet surface (ii) reduce the undesirable heat
circulations and accumulations (iii) choose the required furnace dimensions (iv) increase furnace life
time (v) reduce the fuel consumption and control number and operation of the burners which will help
us in the next stage of study with the inclusion of radiation and thermo-elastodynamics coupling.
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ABSTRACT

4 N\
MIG welding is a preeminent joining process in which metalcoalesces by fusion and is extensively used in a

variety of fabrication works. With the advancements in the field of industrial automation and availability
of sophisticated power sources, it is now possible to achieve high production rates, repeatability, and weld
quality. The significant amount of arc heat is used for the melting of faying surfaces which when followed
by rapid cooling results in a number of micro and macro level changes in the resulting weld. One such
physical change caused by the non-uniform rates of heating and cooling result in angular distortion of the
weldment, which not only affects the aesthetics of the weld but also results in the misfit of the components
with parent structure. It should be the endeavor of the weld engineer to keep this distortion to the minimum
possible limit. The present work on SS409L aims to investigate the various impacts of welding input
parameters on angular distortion. The experiments were perpetrated in a methodical manner and central
composite face centered design(CCFD) technique was employed to generate the mathematical equation.
The cumulative curve was determined by the welding parameters which were taken at five different levels.
The model has been optimized by using response surface methodology (RSM). The research work carried
out is expected to be useful for industry and for further advanced studies on the subject.

Keywords - Angular Distortion, Input Parameters, Mathematical Equation, MIG Welding, Stainless
Steel

. J/

I.INRODUCTION

MIG weldingis a versatile welding process and is considered prominent due to many advantages
offered by the process such as high reliability, high productivity, multi-position welding capabilityand
ease of mechanization. The workpiece undergoes plastic deformation due to the tussle between
contraction and expansion of different sections of weld interface thereby developing higher residual
stresses. This leads to development of distortions like longitudinal, transverse and angular distortion.
The outcome of uneven expansion along with non- uniform shrinkage of the weldmentis angular
distortion as illustrated in figure 1 [1].

Fig. 1: Angular distortion
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The factors affecting extent of angular distortion include width and depth of penetration of
weldmentwith respect to thickness of plate, weld pass sequence, type of joint, input parameters and
thermo- mechanical properties of the material [2].

In the fabrication industry angular distortion is a problem faced by engineers. By proving an initial
angular compensation in the opposite direction, elimination of this perennial problem can be achieved.
In order to obtain a weld without any angular distortion it is thereby vital to predict its correct measure
precociously by using mathematical model. To examine the shape change deformation behavior of the
component an in-depth analysis was performed. This led to development of suitable methods to control
angular distortion. It is however strenuous to obtain analytical solutions for predicting angular
distortion [3]. 409L is a low carbon variant of ferritic stainless steel.

Literature survey reveals that relatively less experimental work is available pertaining to this material
so far. SS409L when exposed to high temperature shows excellent resistance capabilities towards
oxidation. Its extra-low carbon ferritic structure makes it exemplary for typical applications which
include automotive exhaust systems, heat exchangers, farm equipment components, etcetera [4,5].The
composition of SS409L is given intable— 1.

Elemeont « | Nn | P = =i Cr | NI | Cu Mo Ii Nippm)

Percentage

(%)

OO0 0.256 0.307 0,007 0.475 11.243 0.054 0017 O.009 O.203% 51

Table - 1: Composition of Stainless Steel 409L (Provided by supplier) [6]

II. EXPERIMENTALARRANGEMENT

A mechanized welding carriage programmed to move in forward and reverse direction was used to
conduct the experiments. The welding torch was positioned on a radial rotating arm which was
orchestrated to move up-down and across the table. A gearbox arrangement with variable frequency
drive and a driving motor were made use of to obtain smooth and step less control of carriage. The speed
obtained of mechanized carriage varied from 0 - 50 cm/min. This unit ensured constant and uniform
welding speed which resulted in consistent and reproducible welds. Filler wire made of SS 308L with
1.2mm diameter and a DC power source with flat V-1 characteristics of 400 ampere rated capacity was
employed, as illustrated in figure 2 below [7].

Fig 2: The set-up
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III. PLAN OF INVESTIGATION
The research work was planned to be carried out in the following steps:
1) Input parameters
2) Determination of working limits of parameters
3) Generating the matrix using design expert software
4) Experimentation
5) Generation of the mathematical model
6) Examining the adequacy of the generated model
7) Analysis of the result

3.1.Input parameters

Based on previous experience, literature survey and some initial test runs, five independent controllable
input parameters were deduced namely “wire feed rate (m/min)”, “welding speed (cm/min)”, “voltage
(V)”, “nozzle to plate distance (mm)” and “torch angle (degree)” which had overwhelming effect on

angular distortion[1, 8 -14].

3.2. Determination of working limits of parameters

Several test runs were conducted on 200 x 150 x 6 mm plates keeping in consideration the independent
input parameters. The working range of each parameter was divided into 5 different levels with -2 and
+2 being minimum and maximum levels respectively and -1, 0, +1 being intermediate levels as shown
intable - 2.

R WFR S v NPD 0 Angular
- (/min) (cm/min) (Volts) (mm) ©) Distortion
| 1 1 =] =] ] 2.50
2 0 -2 ] ] ] 2.04
3 3 a i i i 5]
7 i 3 i 3 i 193
3 = a 3 a | 159

Table - 2: Input parameters and their limits

3.3. Generating the matrix using design expert software

Experiments were performed in a methodical manner and the design matrix was formulated by design
expert software using the central composite design. The matrix so obtained to cover the single and
interactive effects of input variables is illustrated below in table — 3.

R WFR 5 v NPD H Angular
i (m/min) (cm/min) (Volts) {mm) (] [¥istortion
I I I - -1 I 250
z 1] =2 L] i 0 20
3 -1 -1 I I 1 1.51
1 I -1 I -1 L 1.93
> -1 -1 -1 -1 I 159
3 0 0 0 0 7 253
7 0 1 i 0 0 323
B 0 2 a 0 0 233
qQ i ] 2 i 0 1.21
10 | 1 -1 | -1 168
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11 0 0 ] 0 0 3.35
12 Ll 0 u 0 L} 37
13 0 0 ] 0 0 340
14 -2 0 u L L] 2.13
15 0 0 1] -2 0 217
16 2 0 1] 0 0 320
17 1 1 1 -1 -1 2.07
18 0 0 -2 [} 0 .63
1% 0 0 ] LI} 0 301
20 -1 -1 | -1 -1 201
21 | 1 | | | 349
22 | -1 | | -1 215
23 =1 1 =1 =1 -1 .77
24 0 0 ] 0 0 3.29
25 | 1 | | =1 1.95
26 0 0 ] 2 0 246
27 | =] | [ [ 2.19
28 ] 1] il I}] =2 2.27
24 1 | | 1 | | 48
k1] | 1 | | | AT ]
31 =1 -1 -1 1 -1 1 .81
32 | =1 =1 =1 =1 158

Table - 3: Design Matrix

3.4. Experimentation

The number of runs generated by the design matrix were performed in a desultory manner to eliminate
any systematic error, if any. For measurement of angular distortion, the workpiece was kept on a surface
plate to achieve meticulous results.

3.5. Generation of the mathematical model
Angular distortion can be represented using the response surface function as:
Y="1(a,p,v,9,¢€)

The equationgenerated by response function can be expressed in terms of the independent parameters
as: b0+ bla+ b2p + b3y +b4d + bSe +bl2af + bl3ay + bl4ad + blSae + b23Py + b24d + b25Pe +
b34y3 + b35ye + b455e + blla2 + b 222 + b33y2 + b4402 + b55¢2 where: Here “Y” represents the
angular distortion and “a”,”B”,”y”,” 6" and*“‘€” are the input parameters which represent “wire feed rate
7, “welding speed”, “voltage”, “NPD” and*“‘torch angle” respectively, b0 is the coefficient of model, b1,
b2...bk are the coefficients of linear terms, b12, b13...b(k-1)k are coefficients of interactive terms and
bll, b22...bkk are the coefficients of quadratic terms of the regression equation. Actual mathematical
model generated by design expert software is given below:

Angular Distortion (AD)=53.92+5.97a+ 2.29B + 8.58y—7.216+ 0.826 —3.330pf - 3.91ay —4.210ad +
0.860e+0.52Py+2.14p5—8.38PBc—0.6175 +3.63ye—0.620e — 1.502—0.88B2+0.79y2+ 1.2982-3.49¢2

3.6. Examining the adequacy of generated model The adequacy of the generated model was analyzed
by comparing the calculated F-ratio given by the software and the tabulated value of F-ratio. As the
latter value is greater than the former value, the model can be said to be adequate.

In present case the tabulated value of F-ratio at degree of freedom 6 and 5 at a confidence level 0of 95%
15 4.95 which is more than the calculated value of 2.18 indicating that the developed model is adequate.
Secondly, the p-value of the developed model is also less than 0.05, confirming the adequacy of the
model as depicted below in table - 4.
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First order  Second order

. Response Lack of fit Error terms F-ratio p-value Adequacy of
S, MNo. rerms terms
Parameter the model
S5 dif 8§ di | 85 di S5 di
I Angular 560 s 1303 15 015 6 006 5 0218 000001 0.9864 Adequate
distortion

Table - 4: ANOVA Table

3.7. Analysis of results

The graphical results obtained by the design expert software are depicted in figure 3 — figure 5. These
graphs represent the interactive effects of input parameters on AD and are explained in the following

section.

3.7.1 Interactive effects of WFR and NPD on AD

Hold Valugs
Welding Speed 0
Vaoltage 1]
Terch AMgle 0

]
Igular Distestien 15

L L e

Fig 3: Interactive effects of WFR and NPD on AD

The interactive effects of WFR and NPD on AD are illustrated in figure 3 above. It is ostensible that
withboth parametersAD increased. With increase in WFR, the heat input augmented which caused
deeper penetration of heat causing more AD. Similarly, with the increase in NPD the resistive heating of

filler wire and spread of arc increased over the weld plates causing more AD.

3.7.2 Interactive effects of voltage and WFR on AD

Hold Values
Wiridng Speed 0
NFD 0

TorchANgle 0

AngularDistsmiss |

W Feed Rate

Fig 4: Interactive effects of voltage and WFR on AD
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The interactive effects of voltage and WFR on ADare illustrated in the figure 4 above. Due to more heat
input into the weld, it is observed the extent of AD augmented. As the voltage increases the AD
increasesprimarily and then decreases. The probable reason could be with increase in voltage, results in
more heat input and arc spread which increases the AD initially but with further increase in voltage the
arc length increased to such a value where radiative heat losses are dominant thereby causing reduction
inAD.

3.7.3 Interactive effects of WFR and torch angle on AD

Hold Values
Welding Speed 0
Voltage ]
NFD 1]

3
anpulas Digtertion

% Tarch angls

Wire Faad Rate

Fig S: Interactive effects of torch angle and WFR on AD

The interactive effects of WFR and torch angle on AD are illustrated in the 5 above. It is ostensible that
both WFR and torch angle have positive effect on AD as maximum angular distortion is obtained at
maximum value of WFR and torch angle.

IV. CONCLUSION
The following conclusions are found noteworthy on the basis of investigative work —
1) The (CCFD) and (RSM) are useful in the study and analysis of angular distortion.
2) As voltage increased, angular distortion first increased and then decreased.
3) Welding speed shows a negative influence on AD whereas it was observed to be positive for
torch angle.
4) Both NPD and WFR show positive effects on angular distortion.
5) For the minimum value of angular distortion of 0.63°, the optimized values of parameters are:
WFR=0.98 m/min, S =37 cm/min, V=22 V,NPD = 1 5mm and torch angle = 107°.
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ABSTRACT

( N\
Aluminium AA7075 material has found to have a widespread application in aerospace and automotive

industry owing to its better mechanical properties. Localized Corrosion was found to have a major issue,
occurring in AA7075 material which limits its application in certain areas. Lot of research work is ongoing
in enhancing the corrosion resistance of the material. Nano powder based Metal coating has been found to
be more effective in reducing metal affinity towards corrosion and acts as a protective surface to the
substrate against the corrosion. Collective studies related to different coating techniques performed on
AA7075 is limited. Hence in this review paper, comparative studies related to ceramic Nano composites
and polymer based coating on AA7075by Plasma Electrolytic Oxidation (PEO)and chemical synthesis
process arve discussed. Also the performance of coating are explained in-order to understand its
effectiveness. Finally, the corrosion behavior of above coatings, fabricated on AA7075 material are
studied using Potentio-dynamic polarization (PDP) techniques and the surface morphology of the
material was studied through microscope and SEM analysis.

Keywords - AA7075, Ceramic Nanometal Coating, Polymer Coating, PEO, Chemical Synthesis
Method, PDP, Coating Effectiveness.

. J/

L.INTRODUCTION

The applications of AA7075 aluminum alloy as a structural materials in sectors like aircraft,
automobiles, and spacecraft elements is increasing because of its desirable strength to weight
characteristics. Structural weight reduction enhances the payload capacity of the aircraft as well as
better fuel consumption which results in optimized performance of the spacecraft's [ 1-3].But due to the
presence of intermetallics in its microstructure which are formed during alloying process, they are
highly susceptible to localized corrosion[4]. Hence to avoid metallic corrosion, various coatings are
performed on AA7075 based on its application and work environment.

Radiation protection and thermal control with desired absorptance and emittance values are the
important properties that are required in the spacecraft components. In electronic house packages for
thermal control applications, black corrosion resistant coating with the high emittance are the
requirement for internal spacecraft components [5].Shrestha et al. [6] found better thermo-optical
properties along with acceptable corrosion resistance on high strength aluminum alloys AA7075 &
AA2219withblack PEO coatings.

Also the European Space Agency (ESA) extensively studied the Gray black PEO coatings on aluminum
alloys (AA2219 and AA7075Z) as thermal-control coatings for spacecraft material applications
Conventionally, Chromate conversion based coatings are used widely to avoid corrosion. But chromate
coatings have toxic hexavalent chromium and because of this, chromate-free coatings are increasingly
preferred with better corrosion protection properties. Hence for corrosion protection coatings,

Indian Journal of Mechanical and Thermal Engineering (Volume- 7, Issue - 03, September - December 2023) Page No.161



polymers have been introduced in painting formulations. For better corrosion protection Polyaniline
(PANI) has been reported as a coating, because of its redox properties Mirmohseni and Oladegaragoze
[7] investigated PANI coatings on iron by chemically synthesized and deposited technique and their
results revealed that the PANI coating promoted low porosity and enhanced corrosion protection due to
the formation of an oxide passive layer on the substrate [8].

For valve metals (Al, Mg, Ti and Zr and its alloys) undergoing high wear and abrasion, Plasma
electrolytic oxidation (PEO) considered to be widely used coating technologies [9—-12].

From the above literature review, it is clearly seen that, various coatings were performed on AA7075
through PEO and chemical synthesis techniques to enhance the corrosion resistance of the base metal.
But very limited, comparative studies are available. Hence in this present review work, detailed
comparison of polymer and ceramic based coatings performed on AA7075 was studied.

II. POLYANILINE/POLYVINYL CHLORIDE BLENDED COATINGS PERFORMED ON
AA7075 BY CHEMICALSYNTHESIS METHOD.

Rafael Marinho et.al [ 13] chemically synthesized blended Polyaniline and Polyvinyl chloride coatings
for the corrosion protection of AA7075 aluminum alloyin 3.5% NaCl solution with(thicknesses 5 - 30
um) were used. In their investigation when examinedby electron microscopy, it is found that PVC
predominated at the surface by forming well-defined structure, and constituted bulkmatrix. PANI at the
substrate/coating interface formed agglomerates within the bulk and concentrated in a layer.

Surface morphologies, cross-section analysis. PANI is used as a corrosion protection coating and the
surface morphology represents presence of intrinsic pores or cracks in the coating. This affects the
performance for long exposure times. Hence to avoid this and to improve the adhesion, structureand
morphology modified PANI-based coatings are fabricated. PANI/PVC blends provided defect-free
surface, as PVC acts as a second component that can fill out the structure which improves the physical
barrier effect by decreasing the porosity and water uptake.The surface roughness of the coated
specimen was analyzed by atomic force microscope (AFM) and the results are represented from figures
1 a-d.Figure 1bdisplays Nano scale holes which that can evolve to pores. The morphology of the
PANI/PVC 1/1 coating (Figure 1d) is similar to that of PVC, with deflections that are more pronounced
and display a gravel like texture.

(a) PANI (%0 pm x 90 pm) (b) PANI (3.2 pm x 3.2
jum )
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blend (20 pm x 920 pm).

Figure 1 a-d. AFM images of PANI, PVC, and PANI/PVC blend at several magnifications.

Coating Performance: The corrosion protection for AA7075-T6 aluminum alloy is largely influenced
by the roughness and thickness of the coating material. PANI has low water intake capability when the
coating was smooth. On the other hand, coating with high thickness provides high roughness and
reduces the corrosion protection behavior. Hence, more than the thickness, the performance was linked
to the roughness and morphology of the coatings. The thick coatings have lower roughness values
which also decreases the superficial area of electrolyte exposure.

III. CERAMIC NANO COMPOSITE COATINGS TREATED AA7075 BY PLASMA
ELECTROLYTIC OXIDATION (PEO) METHOD.

Ceramic nanoparticles (a-Al203 and m-ZrO2) through plasma electrolytic oxidation method were
fabricated on AA7075in silicate + KOH electrolyte. It is found that the hard a-Al1203 incorporated
coating shows improved corrosion resistance than m-ZrO2 incorporated coating. This is due to the
presence of hard a-ALQ, in the coating structure with higher thickness. Henceforth, the corrosion
resistance of the a-AlO, has improved.In- order to enhance the corrosion resistance, hydrophobic
surfaces were made on PEO treated a-Al,O, and m-ZrO2 coatedAA7075 by stearic acid and myristic
acid.

Surface morphology study by SEM analysis: SEM microstructure reveals the closed pore morphology
with leaf-shaped ridges formed on the surface of sample. However, pedal like features was observed in
the surface SEM microstructure of stearic acid modified PEO treated sample AA-S as shown in fig 2(a-
b).
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Fig 2.b

There is no discontinuity at the interface as the PEO- coated samples show better adhesion to the
substrate. Although PEO coatings show porous microstructure, there is no evident of thickness
pores,this implies that the poresare present on the surface of the coatings are shallow and partially filled
with coating materials and nanoparticles. The PEO treated samples thicknesses ofA, AA and AZ are
20+1 pm, 26+1 um and 24+1 um, respectively

3.1 Comparative analysis of Electro chemical study (Potentio-dynamic Polarization) results:
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Fig3. b. PEO treated samples A, AA and AZ PDP results.
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Fig 3.d.PDP curves for samples AZ, AZ-S and AZ-M in 3.5 wt% NaCl.

From the Polarization measurements results, thecorrosion current densities Icorr for the PANI/PVC(fig
3.a)polymer coatingsexhibited lower value when compared to that of same material, which
indicateslow susceptibilities to corrosion. The increased corrosion protection performance relative to
comparable pure PANI coating of comparable thickness as proven by the electrochemical
measurements.

On the other hand, corrosion resistance of the nanoparticle incorporated PEO coatings significantly
improved by the hydrophobic treatments. The sample A, PEO treated with KOH and silicate electrolyte
solution, sample AA with PEO treated a-Al203 nanoparticles and AZ, PEO treated m-ZrO2
nanoparticles. Correspondingly AA-S and AA-M relates to stearic acid modified PEO treated a-A1203
and AZ-S and AZ-M represents myristic acid modified PEO treated m-ZrO2 nanoparticles.

The stearic acid modified PEO treated a- AI203sample exhibited highest Ecorr and lowest icorr
values(fig 3.d). Which provided sealed pore morphology and enhanced the corrosion resistance of the
sample. Also, polymer based coatings has greater Ecorr value, which directly indicates the much high
corrosion resistance of the material when compared with ceramic based coatings.

IV.DISCUSSION
Chemical synthesized PANI processed coatings has the presence of pores, that allows water uptake, this
makes the coating structure undergoes expansion and relaxation and worsens the coating strength, if
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has long exposure times. Hence in this situation, relatively quickcorrosion process occurs and there is
not appropriate time for PANI to support the formation of a passive and stable layer of metallic
oxide.Electrochemical tests provenhigh resistance to water uptake, low susceptibility to
corrosion,good performance,and low corrosion current densities over 15 days of exposure to saline
solution. Polymers possess good adhesion and has the advantage of easy processability
characteristics.[15-18].

Comparatively in ceramic coating, due to the incorporation of nanoparticles into the coating,Grain
level uniform distribution of coating material with the substrate is formed, increases the thickness, and
consequently for the current higher discharge energy is required to pass through it. Because of the
higher discharge energy, relatively bigger pores and thick pancake like features are created on its
surface. It is to be noted that discharge pores generally help the oxygen evolution to escape its way
through the coating and may help to form the stable growth of PEO coating without oxygen entrapment.
The stearic acid modified AI203PEO coating showed excellent corrosion resistance.Stearic acid
treatment seal the micro pores which are formed and hence the water droplet is not quickly penetrating
the sample and exhibits better corrosion resistance behavior. Two layer structures namely, outer porous
layer and inner dense layer was exhibited byPEO coated samples [19].Better mechanical interlocking
was provided by the outer porous layer which improves the adhesion of organic or polymeric topcoats.
In contrast, using chemical synthesis approach large-scale production is made possible [20].

On comparing both the polymer and ceramic coating, their selection for corrosion protection depends
on few factors, like operating temperature and service environments, for higher temperatures ceramic
coatings are used. Polymer based coating are less in cost when compared with Nano sized ceramics and
offers excellent corrosion protection as long as the coating was smooth and intact. But for applications
involving wear, ceramic Nano particles withstand the environmental abrasion and provide protection to
the substrate.

V.CONCLUSION

1. A detailed comparison between ceramic based Nano coatings and polymer based coating were
made and their corrosion behaviors are studied.

2. Electrochemical analyses showed that there is enhanced protection using blends when
compared to pure PANI coatings with reduced porosity

3. The blend showed a distribution of PVC and PANI domains that contributed to its better
protection performance.

4. The PEO treatment can be employed to fabricate thick ceramic coatings with highcorrosion
resistance, higher hardness good thermal stability and with better wear resistance property.

5. In ceramic coatings, the corrosion resistance of a-Al203 incorporated PEO coating is
significantly improved by hydrophobic treatments.
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