Vol. 45, No. 3 (2023) 396-407, DOI: 10.24874/ti.1433.01.23.05

Tribology in Industry

RESEARCH

www.tribology.rs

Investigation on the Effect of Contact Area and Stress
Concentration on Slurry Erosion Wear of AA6063
using Hertz contact theory and Numerical Technique

Bhushan D. Nandreab and Girish R. Desalea*

aCSIR-National Chemical Laboratory, Dr. Homi Bhabha Road, Pune, Maharashtra, India-411 008,
bM.E.S.College of Engineering, Pune, Savitribai Phule Pune university, Maharashtra, India- 411 001.

Keywords:

Slurry erosion wear
Area of contact
Stress concentration
Hertz contact theory
ANSYS

Mass loss

* Corresponding author:

Girish R. Desale
E-mail: gr.desale@ncl.res.in

Received: 10 January 2023
Revised: 15 February 2023
Accepted: 8 May 2023

ABSTRACT

The properties of the erodent, namely, size, shape, hardness, density, etc. have
dominant effect on mass removal from the target material surface in slurry
erosion. The area of contact of the erodent particle mainly depends on its size
and shape. This further leads to variation in the stress development at the
target surface due to particle impact. Therefore, it is necessary to investigate
the effect of area of contact and stress concentration on the target surface due
to different particles shapes and sizes. In view of this, in the present
investigation AA6063 is selected as target material with three natural
erodents, namely, quartz, SiC and alumina. The area of contact of impacting
particle with target material surface is calculated by using Hertz contact
stress theory and further determined by using ANSYS for similar conditions.
The minimum area of contact of 256 um size alumina particles with AA6063
target material has been observed around 0.82 x 10-* mm? and 0.98 x 10 mm?
using Hertz contact stress theory and ANSYS, respectively; which produces
maximum stress concentration around 99 x 103, MPa using both the
techniques. The stress concentration results by ANSYS software are compared
with Hertz stress results and the maximum percentage error in stress
concentration is observed around 4.19 %. The average mass loss per particle
from target material surface is observed around 1.35,1.94 and 2.11 (x 102 g)
due to impact of quartz, SiC and alumina particles, respectively. The results
obtained by Hertz theory and ANSYS software are observed in line with the
mass loss per particle determined experimentally. SEM micrographs reveal
the material removal mechanism from target material surface.

© 2023 Published by Faculty of Engineering

1. INTRODUCTION

wear mainly depends on various parameters like
particle size, shape, density, hardness, velocity,

In slurry erosion wear, the kinetic energy of etc. The effect of these parameters was studied by
impacting solid particles is responsible to remove many investigators on erosion wear individually
material from target surface. The slurry erosion and also collectively [1-10]. However, it has been
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reported that the material removal rate mainly
depends on the stresses generated by erodent
particle on target surface [11]. Thus, it is
important to understand the phenomenon of
stress concentration on the target surface due to
impact of solid particle. The stress concentration
on target material surface is determined by force
exerted by impacting particle and its area of
contact with target surface. The force exerted by
the particle is easily determined from the velocity
of the impacting particle. However, the area of
contact of solid particle with target material
surface is much more complex due to particle
size, shape and orientation of impact. Thus, the
solid particle contact radius is determined by
Hertz analysis and explained in detail further.

In mechanical engineering and tribology,
Hertzian contact stress is a description of the
stress within mating parts. Hertz’'s classical
theory of contact is focused primarily on non-
adhesive contact where no tension force is
allowed to occur within the contact area. The
Hertz contact theory was used by Yan and Fischer
[12] to study the rail-wheel contact problems.
The real area of contact and load relationship
between two objects is also critically examined
by investigators and proposed some
mathematical models [13-14]. Hertzian contact
theory explains that the stress concentration is a
function of the normal contact force, the radii of
curvature and the modulus of elasticity of both
bodies as shown in Fig. 1 [14].

Force, F

<>
2a Es M

Fig. 1. Contact between a sphere and a flat plate [14].

Calculation for Equivalent modulus of elasticity

E* [14],
_ 2 _ 2
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Where, E; and E; are Young’s Modulus v and v,
are Poisson’s Ratio for two contacting bodies.
Equivalent radius of two surfaces Re, [14]

(7)) &) 2

Where, R: and R; are radii of two objects, if one
objectis flat surface (i.e. infinity radius of curvature),
Hence, Re = R (Radius of spherical object).

The force acting on target surface is calculated
using relationship [15],

Force = mass X acceleration
= volume X density X acceleration 3)

= () o

Where, 1, p, v are radius, density and velocity of
erodent, respectively and S is displacement of
particle.

Radius of Hertz contact area is calculated by
using equation used by Xiaoyin Zhu [14],

1/3

a:[SxRexF] 4)

2E~

Where, F is Force acting on contact surface, Re is
Equivalent contact radius of two surfaces, E* is
Equivalent modulus of elasticity.

Accordingly, intensity of Hertz stress is calculated
by using following equation [14];

1/3
Stress: (o¢) max = 0.4 (%) ! (5)
Many investigators have given more emphasis to
the individual parameters namely, target material
properties, solid particle properties, its size, shape,
velocity, impacting angle, etc. for prediction of
erosion wear [1-10]. Moreover, efforts have been
made by many other investigators to determine
the kinetic energy (volume, density, velocity) of
impacting particles to correlate with erosion wear
(mass loss) [15-17]. However, the kinetic energy
of impacting particle does not include the effect of
particle shape, area of contact, poison’s ratio,
young’s modulus, etc. Thus, the Hertz contact
theory approach looks more appropriate to

investigate the erosion wear.
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Additionally, various modern techniques like
ANSYS and CFD FLUENT have been used by
researchers to investigate erosive wear in
engineering geometries which are characterized by
a finite number of parameters [18-24]. Wang et al.
[18] have developed a sole numerical model to
simulate the stick-slip contact of two elastically
similar surfaces. Bharat Bhushan [19] has
examined the contact modeling of two rough
surfaces under normal approach to predict the real
area of contact which affects friction and wear of an
interface. CFD numerical method was used to
analyse the flow field in pumps to determine
pressure, velocity, kinetic energy, shear stress, etc.
under different operation conditions [20-22]. Many
Investigators have also studied the Hertz contact
stress analysis and validation of results using Finite
Element Analysis [23-24].

Accordingly, in the present investigation three
natural erodents, namely, Quartz, SiC and
Alumina having four different sizes are used to

Table 1. Elemental composition of AA 6063.

impact on AA6063 target material. The kinetic
energy of all the impacting particles is kept
constantaround 5.74 x 10-7] by varying velocity
of particles with respective to density and size.
The areas of contacts of these erodents with AA
6063 specimen surface are determined by
using Hertz contact theory and numeric
technique. Further, the stresses generated on
AA6063 material due to impact of all three
erodent are determined and compared with
mass loss per particle.

2. PROPERTIES OF MATERIALS

In the present investigation, AA6063 is used as
target material for erosion wear and its
elemental composition is given in Table 1. The
hardness of AA6063 is observed around 91 HV.
The value of Modulus of elasticity is 88.5 GPa
and Poisson’s ratio 0.334 is taken from
manufactures catalogue.

Element Cu Fe ZIn Mn Si Cr Mg Ti Al
Content (%) 0.013 0.24 0.01 0.055 0.389 0.015 0.510 0.008 (9]_:,33;.6)

The three natural solid particles namely, Quartz, SiC
and Alumina are used as erodents with four
different sizes 256 pm, 362.5 um, 462.5 um and 550
um for the present investigation. The physical
properties density, hardness, Poisson’s ratio and
modulus of elasticity, etc. of all these three erodents
are given in Table 2. It is observed that the density
and Young’s modulus of alumina particles is higher
where hardness and Poisson’s ratio of SiC particle
is maximum among all three erodents. Additionally,
the shape factor values of 15 particles of each

erodent have been used to calculate the average
particle shape factor values of three erodents and
are given in Table 2. The particle shape factor is
defined between 0-1, the lower value of particle
shape factor indicates more angularity in nature
and approaching to 1 specify its roundness. It is
observed that the shape factor of alumina particles
is 0.3425 confirms its more angularity compare to
SiC and quartz particles. For better understanding
SEM images of all three natural erodents with
particle size 256 pm are shown in Fig. 2 (a-c).

(a) Quartz

Fig. 2. SEM images of Erodent of size 256 pm.

398

(c) Alumina



Bhushan D. Nandre and Girish R. Desale, Tribology in Industry Vol. 45, No. 3 (2023) 396-407

Table 2. Erodent’s properties (manufactures catalogue).

Solid Particle Colour Density, Hardness, Particle Poisson’s Modulus of
Kg/m3 Hv Shape factor Ratio Elasticity, GPa
Quartz (Si02) White 2652 1100 0.7007 0.17 97.2
Silicon carbide (SiC) Blackish 3210 2500 0.4425 0.35 90
Alumina (Al203) Brown 3970 1800 0.3425 0.21 215

3. AREA OF CONTACT AND STRESS
CONCENTRATION BY THEORETICAL AND
NUMERICAL TECHNIQUE

The critical examination of all physical properties
of three natural erodents reveals that the
estimation of slurry erosion wear is a complex

Poisson’s ratio for quartz (v;)=0.17

Poisson’s ratio for AA6063 (v,) = 0.334
Modulus of elasticity for quartz (E1) = 97.2 GPa
Modulus of elasticity for AA6063 (E;) = 88.5 GPa

Contact Modulus,

phenomenon. However, in the present 1 1-v,2 1-—v2
investigation the stress concentration on the - =
: : : E E; E,
target material surface due to impact of solid 2 2
. o . 1 1-0174 1-0.334
particle is given more emphasis and used to — =
E* 97.2 88.5

compare with erosion wear data. It is reported
that the shape of impacting particles (angularity
or shape factor) has dominant effect on
mechanism of material removal from the target
surface [25-26]. Increasing the angularity of the
solid particles decreases the area of contact with
target material surface as shown in Fig. (3).

E*=49.925 GPa

The equivalent radius (Re) is taken as the radius
of spherical object since the other contact surface
(target specimen AA6063) is flat. All the three
natural erodents are having different shape
factors as given in Table 2. Hence, the equivalent

252?3:31 Mass.= m ‘:;rgt}lllf radius Re is calculated by multiplying respective
Density=p > shape factor of individual erodent with the
N particle size. The forces acting due to impact of
r # y three erodents on the target surface are
N o calculated by using equation 3, where mass and
' arget . e n .
\\ o .~ material acceleration of individual particle are calculated
——————————— — =" surface from particle size, density and velocity as per
r Effective .~ | 21" Table Nos. 2 and 3.
radius=R’

Fig. 3. Contact area of spherical and angular erodent
with flat surface [25].

Thus, the particle shape factor has been
considered to determine the effective radius of
the solid particle and its contact area with target
material surface. Further, Hertz contact theory
and numeric technique (ANSYS) are used to
determine the stress concentration developed at
target surface.

3.1 Using Hertz contact theory

The equivalent modulus of elasticity E* is
calculated by using equation 1, for all three
natural erodent’s namely quartz, SiC and
alumina. Sample calculation is given below for
quartz particle;

Force of quartz particle (d= 256pum)

F = mass x acceleration
= volume * density * acceleration

= ()
4

= (g) +(0.128 * 1073)3*2652 *

F=8.084x10°N

(7.02)2
(2%0.071)

The kinetic energy of all particles kept constant by
varying velocities as shown in Table 3. The areas
of contacts of all three natural erodents with the
target surface are calculated using equation 4 and
presented in Table 3. Finally, the stresses
generated on AA6063 specimen surface due to
impact of three natural erodents are calculated by
using equation 5 and presented in Table 3.
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Table 3. Area of contact and stresses developed on AA6063 specimen surface due to impact of all three natural
erodents by using Hertz Contact Theory and ANSYS software.

Hertz . .
Type of . Velotfity of Contact Theory Numerical Technique (ANSYS) %
codtuons | D0 || s | eoromas | Spesby | s
(x 10-4), mm?2 (x10-3), MPa y ‘_\NSYS Al_\ISYS Frror
(x 10-4), mm2 (x10-3), MPa
256 7.02 1.75 46.21 1.89 47.20 2.14
Quartz 362.5 4.16 1.99 40.44 2.13 41.96 3.76
(0.7007) 462.5 2.89 2.16 37.33 2.21 38.26 2.49
550 2.23 2.26 35.87 2.30 36.85 2.73
256 6.38 1.10 73.45 1.25 74.98 2.08
SiC 362.5 3.78 1.23 65.28 1.26 66.35 1.64
(0.4425) 462.5 2.62 1.34 60.09 1.39 61.58 2.48
550 2.02 1.42 57.03 1.52 59.42 4.19
256 5.73 0.82 99.11 0.98 99.96 0.86
Alumina 362.5 3.4 0.90 90.10 1.00 90.85 0.83
(0.3425) 462.5 2.36 1.01 80.20 1.12 82.65 3.05
550 1.82 1.09 73.96 1.15 75.03 1.45
The variation in the area of contact of different =
particles shapes and sizes with AA6063 target 221 TS Prick sive s625m //fv
material surface using Hertz contact theory are 200 TX Picesmessomm 7

graphically presented in Fig. 4. It is observed
from Fig. 4 that the area of contact calculated
by Hertz theory increases with increasing
particle size and shape factor. The biggest Hertz
area of contact of blocky shape 550 pum size
quartz particles (S.F. 0.7007) with target
material surface is observed about 2.26 x 104
mm? compare to sub angular shape SiC (S.F. 06 1 o ‘ ‘

0.3 Alumina 04 sic 05 0.6 0.7 Quartz 0.8

1.8 4

1.6 4

1.4 4

124

Area of contact, Hertz,
(x 10%), mm?

1.0 4

0.8 -

0.4425) and angular shape alumina particles @29 sz (0.7007)
(S.F. 0.3425). Finally, the stresses generated by _ - Particle Shape Factor .
different solid particles (erodents) on AA6063 Fig. 4. Variation in the area of contact (Hertz) with

target material surface are presented different particles shape and size.

graphically in Fig. 5. It has been observed that

. . 110
the stress concentration on target specimen

——@—— Particle Size 256 pm

o . . 100 | icl Size 256
decreases with increasing particle shape factor LS et
for all size of particles. It is observed that the %0 T AT Particle Size 530um

80 4 A

highest stress (99.11 x 10-3 MPa) is generated
on AA6063 target material surface due to
impact of 256 um size angular shape of alumina
particles (S.F. 0.3425) compare to sub angular

70 A

Hertz Stress
(x 10, Mpa

60

shape SiC (S.F. 0.4425) and blocky shape quartz 50

(S.F. 0.7007) particles. This reveals that the 40 ]

angular shape particles are responsible to "

generate higher stress on target surface 03 Aumina 0.4 BC ey 05 06 0y 08
compared to other erodents. It is also observed Particle Shape Factor (0.7007)

Fig. 5. Variation in the stress concentration on
AA6063 material with different particles shape and
size.

from Fig. 5 that the stress concentration on
target specimen is increases with the decrease
in particle size for all three erodent.
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3.2 Using numeric technique ANSYS

The velocity conditions for all three natural
erodents for different sizes are given in Table
3. These different velocity conditions are
further used to simulate in ANSYS explicit
dynamics software to interpret the area of
contact and stress concentration on AA6063
target material surface [27].

The result interpretations for area of contact
on AA6063 target material due to all four
different size quartz particles are presented in

(a) d=256 um

Fig. 6 (a-d). It is observed from Fig. 6 (a-d) that
due to impact of the particles at 90° angle
initiate the crack on AA6063 material surface
and further material loss is observed due to
successive impacts of particles. The minimum
area of contact is observed 1.89 x 10-* mm?2 for
256 pm quartz particles as shown in Fig. 6(a),
whereas for particle size 550 pm, area of
contact is observed highest 2.30 x 104 mm? as
shown in Fig. 6(d). It indicates that the area of
contact between AA6063 plate and quartz
particles increases with increase in particle
size.

(b) d=362.5 um

(c) d=462.5 um

(d) d=550 pum

Fig. 6. Area of contact between AA6063 plate and four different sizes of Quartz particles using ANSYS.

However, results for stress concentrations on
AA6063 target surface due to impact of all four
sizes of quartz particles by using ANSYS
software are shown in Fig. 7 (a-d). The
maximum stress concentration due to impact of
all three erodents occurs at the centre of
indentation which is observed with red colour.
[t is observed that maximum stress developed
by 256 pm quartz particle on target surface is
47.20 x 10-3 MPa as shown in Fig. 7 (a), whereas
for particle size 550 pm minimum stress
intensity is observed around 36.85 x 10-3 MPa
as shown in Fig. 7 (d). It reveals that stress
intensity is more due to impact of smaller
particles due to less area of contact with the
target material surface.

Furthermore, the result interpretations for
area of contact and stress concentrations on
AA6063 target material due to 256 um size, SiC
and alumina particles are presented in Fig. 8
(a-b), and Fig. 9 (a-b), respectively. The area of
contact due to impact of three different
erodents on AA6063 target material surface
using ANSYS explicit dynamics software are
given in Table 3 and the variation is
graphically presented in Fig. 10. It is observed
that the area of contact increases significantly
with increasing particle shape factor for all
three erodents. Similarly, the area of contact
slightly increases with increasing the particle
size.
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3

(a) d=256 um (b) d=362.5 pm

(c) d=462.5 um (d) d=550 um

Fig. 7. Stresses on AA6063 plate with four different sizes of Quartz particles using ANSYS.

(a) SiC (b) Alumina

Fig. 8. Area of contact between AA6063 plate and erodents of size 256 pm using ANSYS software.

£ e 200(em) w 1 200(mm)

s 1= e

(a) SiC (b) Alumina

Fig. 9. Stresses on AA6063 plate and erodents of size 256 pm using ANSYS software.
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Fig. 10. Variation in the area of contact with AA6063
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Fig. 11. Variation in stress concentration on AA6063
material using ANSYS.

The stress concentration results using ANSYS
software for different erodent are graphically
presented in Fig. 11. It is observed that the stress
concentration decreases considerably with
increasing particle shape factor. These results are
well in agreement with the Hertz contact theory
results of area of contact and stress concentration
as shown in Fig. 4 and Fig. 5, respectively. The
stress concentration results by ANSYS software

are compared with Hertz stress results and given
in Table 3. The maximum percentage error in
stress concentration is observed around 4.19 %.
P. Purushothaman et al., observed the stress
error around 8.33 % between Hertz results and
FEA analysis [24]. Whereas, Arulkar and Ritapure
[28] observed error between experimental and
artificial neural network (ANN) predicted results
was around 9 %.

4. EFFECT OF AREA OF CONTACT AND
STRESS CONCENTRATION ON MASS
LOSS DUE TO EROSION

In order to understand the mass loss from target
material surface due to slurry erosion wear, the
area of contact due to impacting particle and
stress concentration on target surface AA 6063
are determined analytically (Hertz contact
Theory) and numerically (ANSYS) as discussed in
the above sections. The experimental data on
mass loss per particle from AA 6063 target
material at 90° impact angle presented in the
research work Nandre and Desale [15] is reused
as given in Table 4 and further efforts have been
made to correlate with the present objectives.

Many investigators [15-17, 29-30] have reported
that the impacting particle’s kinetic energy is
mainly responsible to remove material from the
target material surface. However, during the
impact the area of contact of the particle and the
stress concentration on the target material
surface are different for different particle size
and shape. Thus, the complete phenomena
become more complex and difficult to predict.

Table 4: Range of parameters and observed mass loss per particle at 90° impact angle (23)

Solid Velocity of Avg. mass loss per
Erodent Particle A(:ﬁ;z%si?jjls concentration eactlil DIre;‘:io Pl\:flisz;i‘t(i):fe s particle P
used Size, (um) particle, (kg) in % by weight particle, n (min) (x 10-12) (g)’ (x10-12) (g)
’ (Cw) in Pot (m/s)
550 2.31x107 30 % 2.23 42.4 1.59
Quartz 462.5 1.37 x 107 17.83 % 2.89 32.7 1.45 135
362.5 6.61x108 8.58 % 4.16 22.6 1.33
256 2.33x108 3.02% 7.02 13.4 1.05
- 550 2.79 x 107 30.57 % 2.02 46.8 2.26
nglr‘gi"d‘; 462.5 1.66 x 107 18.18 % 2.62 35.9 211 Loa
(SiC) 362.5 8.00x 108 8.75 % 3.78 24.9 1.86
256 2.82x108 3.08 % 6.38 14.8 1.55
550 3.46 x 107 35.24 % 1.82 51.9 2.45
Alumina 462.5 2.06x 107 20.95 % 2.36 40.0 2.17 211
(Alz203) 362.5 9.90x 108 10.08 % 3.4 27.7 1.98 ’
256 3.49x 108 3.55% 5.73 16.4 1.86
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The variation in mass loss per particle given in
Table 4 is re-plotted with the particle shape factor
of the erodents in Fig. 12 (a). It is observed from
Fig. 12 (a) that the angular alumina particles
remove material more effectively from the target
surface compare to the sub angular shape of SiC
and blocky shape of quartz particles. It is reported
that both the increase in angularity and the
hardness of solid particles develop favourable
conditions for dissipation of higher kinetic energy
per unit area of the target surface [24]. However,
the mass loss due to less hardness of alumina
particles is more than the higher hardness of SiC
particles. It reveals that the particle shape is more

dnmin’\nf than tha hardnace

4.0

354 ——@——  Particle Size 256 um

o Particle Size 362.5 pm
——-w-—— Particle Size 462.5 ym
3.0 4 — = Particle Size 550 pm

2.5

2.0 4

154

Mass Loss Per Particle (x 10™?) (g)

1.0 4

0.5

T T T
Alumina i
0.3 . Sic 05 0.6
(0.3425) (0.4425)
Particle Shape Factor

0'7Quartz 08

(0.7007)

10

—@— Quartz particles at 45°
—O— Sic particles at 45°
8 ] —¥— Alumina particles at 45°
—@— Quartz particles at 90°
—O— Sic particles at 90°
—w%— Alumina particles at 90°
+ Avarage mass loss per particle

19

-12,

Mass loss per particle (x 10

200 250 300 350 400 450 500 550 600

Particle size, micron
(b) Effect of Particle size [15]

Fig. 12. Variation in mass loss per particle from
AA6063 specimen due to impact of different particles
shape and size.

It is observed that the stress concentration on
AA6063 target material surface decreases with
increasing the shape factor of erodents as predicted
using Hertz theory and ANSYS software as shown in
Fig. 5 and 11, respectively. The alumina particles
having sharp edges make small area of contact with
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target material surface and thus able to generate
more stresses compare to other two erodents (sub
angular SiC and blocky shape quartz). This higher
stress concentration due to alumina particles may
be responsible for maximum mass loss per particle.
This is in line with the results represented in Fig. 12
(a) for mass loss per particle (15).

Similarly, the stress concentration increases
slightly with decreasing the particle size for all
three erodent as shown in Fig. 5 and Fig. 11. It
reveals that the individual smaller size particles are
responsible to generate more stress on target
surface as compared to larger size particles of same
kinetic energy. However, the mass loss per particle
due to smaller size of particles is marginally less as
compared to larger size particles for all three
erodent as shown in Fig. 12 (b). This reveals that
although the individual smaller size particle having
tendency to generate more stress on target material
surface but show less mass loss per particle
compared to larger particles of same kinetic energy.

This phenomenon can be attributed to smaller
size particles get entrapped in the secondary flow
field and not able to hit the target material
surface effectively. This is in line with the
observations reported by Clark and his associates
[31-33]. They have measured the number of
craters and their diameters developed on the test
specimen due to impact of different size particles.
They have observed that the collision efficiency
of impacting particles decreases sharply with
decrease in particle size. Thus, though the stress
generated by individual smaller size particle is
higher however due to poor striking efficiency
the smaller particles are unable to remove the
material successfully from the target surface
compare to larger size particles. This indicates
that the collision efficiency of impacting particles
also plays dominant role in slurry erosion wear.
Recent studies also confirm the influence of flow
field in cavitation and erosion wear [34-36].

5. SEM EXAMINATION

Many investigators have examined the eroded
surfaces using scanning electron microscope
(SEM) to understand the material removal
mechanisms [37-41]. The SEM micrographs of
AA6063 eroded surfaces at normal impact angle
are presented in Fig 13. (a-c). It is observed from
Fig. 13 (a), that the indentation craters are big in
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size and rounded in shape due to blocky shape of
quartz particles. While elongated craters are
formed due to impact of sub angular shape SiC
particles as shown in Fig. 13 (b). The material is
plastically deformed to form a rim around the

P ]
P 8ic 326 micion 900" N 1y o
SE MAG: 2000 x HV: 00kV WD: 10.0 mm

P.Quartz362.5 micron 90D
SE MAG: 2000 x- HV: 20.0 kV WD:10.0 mm

(a) Quartz

(b) SiC

crater gets flattened and fractured with further
successive impacts. Similar indentation craters
are observed with alumina particles (Fig. 13 (c)),
however the material gets removed more
effectively due to sharp cutting edges.

Alumina 362.5 micron 90D
SE MAG: 2000 x_HV: 20.0 kV WD: 10.0 mm

(c) Alumina

Fig. 13: SEM images of AA6063 Target material with erodent of 362.5 um at 90° impact angle

6. CONCLUDING REMARKS

The area of contact and stresses generated on
AA6063 material surface by all three natural
erodent namely, Quartz, SiC and Alumina are
investigated by using Hertz contact theory and
ANSYS software. These results are further
compared with the mass loss per particles
values. The generic conclusions drawn from
present study are discussed below.

1. The area of contact of impacting particles
with target material surface increases with
increasing the shape factor and particle size
by using both methods Hertz contact theory
and ANSYS software. Thus, the maximum
stress 99.11 x 103 MPa is generated on
AA6063 target surface by angular shape of
256 um size alumina particles by using Hertz
contact theory and 99.96 x 10-3 MPa using
ANSYS. Whereas, least stress 35.87 x 10-3MPa
is generated by blocky shape of 550 um size
quartz particles by using Hertz contact
theory and 36.85 x 10-3 MPa using ANSYS. The
stress concentration results determined by
using Hertz contact theory are nearly close
with ANSYS results with maximum error of
4.19 %.

2. The experimental results of mass loss per
particle from AA6063 specimen are also in
line with the results obtained by Hertz
contact stress theory and ANSYS software
with considering particle shape factor.

Angular shape of alumina particles removes
more material from target surface due to
higher stress concentration generated by
them. The average mass loss per particle due
to four sizes of alumina particles is
determined 2.11 x 1012 g, whereas for
quartz particles it is observed as 1.35 x 10-12
g and for SiC it is observed as 1.94 x 10-12 g.
It reveals that the shape of striking particle
plays dominant role in slurry erosion wear.

3. Although the smaller size of all three
erodent having higher values of stress
concentration does not able to contribute in
overall mass loss from target surface due to
less striking efficiency. Hence, particle size is
also dominant along with particle shape in
erosion wear study.

4. SEM micrograph at normal impact angle
reveals the material removing mechanism
from target material surface. The SEM
micrograph of eroded surface due to
alumina particles confirms higher material
removal due to its sharp cutting edges.
While the plastic deformation phenomenon
becomes more dominant due to impact of
blocky shape of quartz particles.
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