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Abstract: Aluminum alloys are one of the most common materials used in aircraft structural part production.
Moreover, high cruising speeds of aircrafts resulted with high velocity impacts of micro hard particles such as
dust, fly ash, impact ice and rain droplets. These hard particles involved in atmospheric air concentration cause
repeated impacts on surface Extruded AA6082-T6 aluminum alloy sheets were subjected to solid particle erosion
tests. Solid particle erosion tests were performed according to ASTM G 76 standard. Abrasive particles with
various particle sizes blasted to surfaces of AA6082-T6 aluminum alloy test coupons. Solid particle erosion tests
accomplished at normal incidence (impact angle:90°) with blast pressure of 3 Bar. Average roughness (Ra),
average distance between the highest peak and lowest valley in each sampling length (Rz) and 3D surface
topography maps and erosive wear rates of AA6082-T6 aluminum alloy test coupons were obtained before and
after solid particle erosion tests. Correlations between erosion crater volume and mass loss were discussed.

Keywords: Plastic deformation, Solid particle erosion, Aluminum alloy, Erosion rate, Surface topography.

Aliiminyum Alasiminin Yizey Plastik Deformasyonunda Kati1 Parcacik
Erozyon EtkKisi

Ozet: Aliiminyum alagimlari, ugak yapisal parga iiretiminde kullanilan en yaygin malzemelerden biridir. Ustelik
ucaklarin yiiksek seyir hizlari, toz, ugucu kiil, darbe buzu ve yagmur damlaciklar1 gibi mikro sert pargaciklarin
yiikksek hiz etkileriyle sonuglanir. Atmosferik hava konsantrasyonunda yer alan bu sert pargaciklar, yiizey
tizerinde tekrarlanan darbelere neden olur. Ekstriide AA6082-T6 aliiminyum alasim tabakalar1 kati parcacik
erozyon testlerine tabi tutuldu. Kati parcacik erozyon testleri ASTM G 76 standardina gore gergeklestirildi.
Cesitli pargacik boyutlarina sahip asindirici partikiiller, AA6082-T6 aliiminyum alasgim test kuponlarinin
yiizeylerine piiskiirtiildii. Kat1 pargacik erozyon testleri, 3 Barlik patlama basinci ile normal insidansa (darbe
acist: 90 °) ulasildi. AA6082-T6 aliiminyum alasimli test kuponlarinin ortalama yiizey piiriizliligii (Ra), her
ornekleme uzunlugundaki (Rz) en yiiksek tepe ve en diisiik vadiye arasindaki ortalama mesafe ve 3D yiizey
topografya haritalar1 ve eroziv aginma oranlar1 kati partikiil erozyon testlerinden 6nce ve sonra elde edildi.
Erozyon krater hacmi ile kiitle kayb1 arasindaki korelasyonlar tartigildi.

Anahtar kelimeler: Plastik Deformasyon, Kat1 Partikiil Erozyonu, Aliiminyum Alasimi, Erozyon Hizi, Yiizey
topografyasi.
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1. Introduction

Impingement of abrasive particles with high velocity air or liquid against the surface of a target
material causes deformation and material removal. This phenomenon called erosive wear. Shape,
size, morphology, hardness and density of the particles, physical and chemical properties of the
target materials and the operational parameters affect the complexity of the deformation and
damage behavior of materials under repeated impacts of abrasive particles. Erosion of materials due
to the impingement of solid particles is one form of wear degradation that jeopardizes integrity of
the flow boundaries and functionality of moving components in particle-contained flows [1].

Solid particle erosion involves the impact of small high speed particles on a target, causing surface
damage and material removal that, on a per particle basis, occurs on a very small scale and for a
very short time. This, together with the irregularity of particle shape and size typically found in
erodent powders, and the complexity of the deformation and damage behavior of materials under
impact loadings, makes it very challenging to identify the micro- mechanisms of erosion that lead to
macro-scale material loss. These complexities have led researchers to take simplified approaches in
order to understand erosion mechanisms in ductile materials[2].

Aluminum and its alloys are widely used in a wide variety of applications. Aluminum’s main
advantages include: lightness, high specific strength, high thermal and electrical conductivities,
good formability, excellent machinability, diversity of aluminum alloys, extensive range of forms
and processing options (e.g. rolling, extrusions, stampings, forgings and castings) and suitability for
a diverse range of joining techniques, surface treatments and recyclability [3]. Aluminum alloys are
materials of choice in many engineering applications because of their excellent combination of high
specific strength, ductility, thermal conductivity and corrosion resistance. Nevertheless, due to their
relative softness and low wear resistance, aluminum alloys are not generally employed in
tribological applications [4].

Solid particle erosion is a progressive phenomenon that can result with surface degradation and
material removal. It occurs in a wide variety of materials and assemblies such as aircraft airframes,
radomes, leading edge control surfaces etc. Aluminum alloys are one of the most common materials
used in aircraft structural part production. Moreover, high cruising speeds of aircrafts resulted with
high velocity impacts of micro hard particles such as dust, fly ash, impact ice and rain droplets.
These hard particles involved in atmospheric air concentration cause repeated impacts on surface.
Hence, it is crucial to investigate the surface induced damages due to repeated impacts of solid
particles.

2. Materials and Methods

Extruded AA6082-T6 aluminum alloy sheets with a nominal thickness of 3 mm were kindly
supplied from ASAS-TURKEY. The samples were cut into square coupon test samples, with a
dimension of 50 mmx50 mm. Table 1 provides the mechanical properties of AA6082-T6 aluminum

alloy, according to the manufacturer’s declaration.

Table 1. AA6082-T6 aluminum alloy sheet properties

Rm Tensile (N/mm? min.) 290
Rpoz Yielding (N/mm? min.) 250
HBW typical value 95
Heat treatment temperature (°C) 175-185
Heat treatment duration (hours) 8-6
Hardness (Brinell HB) 85-90
A50 Elongation min. 6
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Solid particle erosion tests were performed in accordance with the ASTM G76 standard. The
alumina particles are used as an erodent during the particle erosion experiments were, with 3
distinct particle size of 60 mesh (212-300 um); 80 mesh (150-212 um) and 120 mesh (90-250um)
respectively..

The particle erosion tests were performed at normal impingement angle (90°). Erosive particles are
blasted under air pressure of 3 bar through a ceramic nozzle with an inner diameter of 7 mm in a
specially designed air jet test rig. The AA6082-T6 aluminum samples were located at a distance of
20 mm from the nozzle exit (stand-off distance). 40 gr. of erodent for each alumina particle size was
blasted under same test conditions. Three reputations were carried out for each test parameter. The
mean value of three experiments was taken into account for every test condition. The average mass
loss was presented. Before the particle erosion tests, sample surfaces were cleaned with air blasting
and acetone in order to achieve clean surface. Mass loss was measured by using an electronic
balance with an accuracy of + 0,1 mg.

The erosion test rig used in this study is illustrated in Fig 1. Accelerated particles were impacted the
sample surface, which can be located at desired distance from nozzle and placed at various
impingement angles (15°-90°) by adjustable sample holder shown in Fig 1. Particle impact velocity
was measured by using the double disc method. Under 3 bar air blast pressure; particles with a size
of 60 mesh has an impact velocity of 64 m/s; 80 mesh has an impact velocity of 72 m/s and 120
mesh has an impact velocity of 70 m/s.
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Figure 1. Solid particle erosion test rig

Solid particle erosion test parameters are given in Table 2.

Table 1 : Solid particle erosion test parameters

Erodent type Alumina

60 mesh (212-300 pm)
80 mesh (150-212 pm)
120 mesh (90-250 um)

Erodent size

90°
3 bar
60 mesh (64 m/s)

Particle impingement angle

Acceleration/blast gun pressure

Erodent velocity

80 mesh (72 m/s)
120 mesh (70 m/s)

Test temperature 25°C+2°C
Stand-off Distance 20 mm
Humidity 50 %
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After solid particle erosion tests, the surfaces of the AA6082-T6 samples were scanned with
Nanovea PS50 non-contact 3D profilometer. The erosion crater area of 20 mm x 20 mm scanned
with a 10 pm precision. Roughness measurements and related results were obtained from these
scans. Roughness parameters such as R,, Ry, Rz, S, and erosion crater volume were discussed.

3. Discussion on Results

Figure 2 illustrates the erosion rates of AA6082-T6 aluminum alloys tested with 60, 80 and 120
mesh alumina abrasive particles. Abrasive particle grain size has a considerable effect on erosion
rate of AA6082-T6 aluminum alloy test coupons. As the grain size of the abrasive particles
decrease, the erosion rate increases as seen in Figure2.

Minimum erosion rate observed in tests conducted with 60 mesh alumina abrasive particles whilst
the maximum erosion rate occurred in 120 mesh alumina particles. Smaller particles as in 120 mesh
enhances material removal from target material due to repeating impacts of abrasive particles. Tests
with 60 mesh alumina particles (212-300 pm) resulted with an erosion rate of 19 whilst 120 mesh
particles (90-250 um) resulted with an erosion rate of 90. Hence, decreasing abrasive particle size
increases erosion rate approximately 4 times.

100
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Erodent Type
Figure 2. AA6082-T6 aluminum alloy erosion rate versus erodent type

Figure 3 illustrates the 3D surface roughness maps of AA6082-T6 aluminum alloys tested with 60,
80 and 120 mesh alumina abrasive particles. Surface scanning with laser profilometer gives the
average roughness of surface named S,. In Figure 3, erosion crater surface region boundaries were
clearly be seen with 3D surface maps. Pitting region around the center of erosion crater can also be
seen. Maximum S, was observed in samples tested with 80 mesh particles while minimum S,
observed in 60 mesh abrasive particles. Eroded with 80 and 120 mesh abrasive alumina particles
gave similar S, values. In Figure 3, 120 mesh erosion crater has a deeper damage zone while pitting
region around the center has smoother characteristic. Moreover, 60 and 80 mesh abrasive particles
resulted with a shallow crater center but a dramatic pitting damage zone around the center damage
zone. S, implies the overall surface roughness, the S, values were almost similar for all abrasive
particles.
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-a- Alumina 60 mesh # || -b- Alumina 80 mesh

Figure 3. 3D surface roughness maps of AA6082-T6 aluminum alloy after erosion tests

Figure 4 illustrates the line roughness of AA6082-T6 aluminum alloys tested with 60, 80 and 120
mesh alumina abrasive particles taken from the center of the tested samples. On the left, the location
of the line illustrated on the surface of the test coupons and on the right side, the roughness profile
was shown in thickness axis. As in Figure 4-a, AA6082-T6 test samples eroded with 60 mesh
alumina abrasive particles caused a shallow erosion crater center. Big abrasive particles interact
with each other during their flight from nozzle exit to sample surface and their kinetic energy
decreases because of this interaction. Hence hitting sample surface with a lower kinetic energy
resulted with shallow erosion crater center. Moreover, erosion with 80 and 120 mesh abrasive
particles enhances erosion crater center depth. Repeated impacts of particles on the center region
enhances R, value. Around the center erosion crater region, a circular region of peaks observed.
Peaks around the center region implies the plastic deformation on AA6082-T6 aluminum alloy
surface. Peaks are various sized elevations from the reference samples.
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Figure 4. Surface roughness center profiles of AA6082-T6 aluminum alloy after erosion tests
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Figure 5 illustrates various roughness parameters such as R, Ry, R; and S, of AA6082-T6
aluminum alloys tested with 60, 80 and 120 mesh alumina abrasive particles. As it can be seen in
Figure 5, decreasing abrasive particle size from 60 mesh to 120 mesh decreases the R,, Ry and R;
values. R, value implies the average roughness of tested samples. R, implies the roughness values
in valley occurred in sample surfaces after solid particle erosion tests. R, implies the average of
vertical distance between top of the peaks and bottom of the valleys occurred in sample surfaces
after solid particle erosion tests. Unlike R, Ry and R; values, S, value increases with decreasing
abrasive particle size. This result can be attributed to meaning of S, value because it implies average
roughness of whole tested sample whilst R,;, Ry and R, values are obtained from linear roughness
profile. Moreover, variation in S, value was slight. So, abrasive particle size has a little effect on S,
value.
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Figure 5. Roughness values of AA6082-T6 aluminum alloy after erosion tests

Figure 6 illustrates erosion crater volumes of AA6082-T6 aluminum alloys tested with 60, 80 and
120 mesh alumina abrasive particles. As seen in Figure 6, biggest erosion crater volume occurred
after erosion tests conducted with 60 mesh alumina particles. On the other hand, minimum erosion
rate observed in 60 mesh abrasive particles. Hence, although minimum erosion rate observed with
60 mesh; maximum erosion crater volume observed also with 60 mesh. This conclusion can be
attributed to plastic deformation. Big sized abrasive particles caused severe erosion crater volume.
Reversely, minimum erosion crater volume observed in samples eroded with 120 mesh alumina
abrasive particles which have the maximum erosion rate. Small abrasive particles caused a smaller
erosion crater volume. As a result, abrasive particles with a bigger size caused a significant erosion
crater volume whilst smaller abrasive particles resulted with a smaller erosion crater volume.
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Figure 6. Erosion crater volume of AA6082-T6 aluminum alloy after erosion tests

4. Conclusions

The main conclusions drawn from the present work can be summarized as follows:

» AA6082-T6 aluminum alloy samples eroded with 60 mesh alumina abrasive particles have

minimum erosion rate whilst samples eroded with 120 mesh alumina particles have the
maximum erosion rate after solid particle erosion tests. Hence, decreasing abrasive particle
size increases erosion rate for AA6082-T6 aluminum alloy.

» After erosion tests of AA6082-T6 aluminum alloy samples, roughness comparison was

accomplished. Decreasing abrasive particle size from 60 mesh to 120 mesh decreases the R,
Ry and R; values. Unlike Ry, Ry and R; values, S, value increases with decreasing abrasive
particle size. Moreover, variation in S, value was slight. So, abrasive particle size has a little
effect on S, value.

Biggest erosion crater volume occurred after erosion tests conducted with 60 mesh alumina
particles. On the other hand, minimum erosion rate observed in 60 mesh abrasive particles.
Big sized abrasive particles caused severe erosion crater volume. Reversely, minimum
erosion crater volume observed in samples eroded with 120 mesh alumina abrasive particles
which have the maximum erosion rate. Small abrasive particles caused a smaller erosion
crater volume.
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