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Abstract: Among the applications of aluminum-based alloys is that in the field of hydraulic installations and
equipment. Some components of their structure, such as the rotors of the cooling pumps of motor vehicles,
or the blades of propellers from the engines of fishing boats, or pleasure boats, and even the radiators of
motor vehicles are subject to corrosion by the cavity created during operation. Among the aluminum alloys
used in the manufacture of such components is the alloy 5083. These parts can be made by casting (rotors /
pump housings and steam propeller) or laminated semi-finished products, such as blades for rotors /
propellers with adjustable vanes. Cavitation operation inevitably leads to damage by erosion caused by
cyclic stresses of micro-jets and shock waves generated by the implosion of cavitation bubbles. As a result,
the paper presents the results regarding the degradation by vibration cavitation of alloy 5083, in the form of
cast and rolled semi-finished product. The curves and parameters specific to the resistance of the alloy to
cavity erosion, as well as the images of eroded surfaces, show, surprisingly, that the cast semi-finished
product has a higher resistance than the laminated one, due to the mechanical properties and the type of
microstructure.

Keywords: Cavitation erosion, semi-finished, cast, laminate, erosion rate, erosion depth, cavity resistance,
mechanical properties, microstructure

1. Introduction

Aluminum-based alloys, known as duralumin, have a very high industrial application, due to their
low specific mass (less than 3 g / cm®) and high mechanical properties. The best known are from
the food, automotive, aircraft and naval industries [1, 2]. A series of components more or less
mechanically, hydrodynamically or chemically stressed made from these alloys are made. For
those required hydrodynamically, specialists are looking for solutions to increase the surface
resistance to cyclic stresses of micro-jets and shock waves, which cause degradation by erosion.
Such parts are the rotors of household well pumps, the rotors of water pumps for cooling car
engines (fig.1 c and d), the stern of boats (where the cavitation vortex is manifested), the propellers
of boat engines (fig.1 b) and of the pleasure boats (fig.1.a), respectively the attack board of the
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aircraft wing and its warhead. Therefore, it is necessary to know the strength of the alloy,
regardless of the type of semi-finished product (cast or rolled), to look for ways to increase it, by
using modern or traditional heat treatment technologies, so as to increase the service life when
they are operated in hydrodynamic conditions with developed cavitation. In this sense, the
research on aluminum alloy 5083 (cast and rolled) is included, the results of which are presented
below, whose purpose is to present the differences in strength between the two semi-finished
states and to look for methods of structural modification and properties. mechanical, which
increase the resistance of the surface to the hydrodynamic stresses of the cavity.

a) Boat propeller that sailed on the Danube
(purchased from the Drobeta Turnu-Severin
Shipyard)

£ A

c) Car cooling pump d) Tractor cooling pump

3] [4]

Fig. 1. Various propellers and motor vehicle cooling pumps, made of aluminum-based alloys
2. The investigated material

The aluminum alloy, whose behavior and resistance to cavity erosion has been studied, is 5083
from the 5000 series [5] (known by the symbol AIMg4.5Mn), from the Polytechnic University of
Bucharest.

The research was carried out on test specimens, taken from the two forms of semi-finished
product, cast and laminated, under which the alloy is used in practice [5, 6]. The samples offered
for the cavitation tests (with a diameter of 15.8 mm, according to the requirements of ASTM G32-
2016), as well as those from which the specimens for the mechanical tests were made, are taken
from laminated and cast sheets, purchased from Color Metal [5, 6].

The laminated semi-finished product is in the H111 [7] laminated state, followed by solution
hardening from 454 ° C to 399 ° C and aged at 343 ° C, followed by air cooling. The molded semi-
finished product is not subjected to any heat treatment, so it is characterized by low internal stress,
microstructural homogeneity and constant properties throughout the volume [6].

Table 1 shows the values of the mechanical properties, according to the standard EN AW 5083
and those determined in the Specialized Laboratory of the Polytechnic University of Bucharest.
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Table 2 shows the chemical, standard and measured compositions.

Table 1: Standard and measured mechanical properties

Specimen Rpo,2 Rm HB KCV A5 Z
P MPa MPa daN/mm2 | Jem? | % %

5083 T 110-130 230-290 68-73 - 10-15
(standard)

5083 T 141.66 294.824 72.8 25.2 - 23.4
(measured)

5083 L
Standard 105-125 260-340 70-75 - 12-15

o083 L 135.78 235.367 80.1 5.3 - | 415
(measured)

T- cast semi-finished product, L-laminated semi-finished product

The data in Table 1 show that, compared to the laminated semi-finished product (5083 L), the cast
alloy 5083 T has higher values for the mechanical breaking strength Rm (by about 4%), the yield
strength Rpo.2 (by about 25%) and KCV resilience (about 4.8 times) and HB hardness lower by
about 10%). These values are reflected in the destruction of the structure of the cavity surfaces, by
the evolution in plan of the cavity area by increasing the number, depth and width of the caverns
(see table 3).

Table 2: Standard and measured chemical compositions

Allo Chemical composition, [%]
y Si Fe Cu Mn Mg Cr Zn Ti Other Al
5083 0.4- 0.05-
(standard) <04 | <04 | <0.15 10 4-4.9 025 | < 0.25 | <0.15 | 0.05 rest
5083 T
0.38 | 0.36 | 0.141 0.85 | 4.69 | 0.23 0.223 0.142 - rest
(measured)
5083 L
0.39 0.37 0.137 0.89 471 0.21 0.243 0.137 - rest
(measured)

The data in Table 2 show that the chemical elements, identified, are in the standard range, but with
slight differences from one material to another, which, also, through compounds formed at the
micro level produce their effect on the resistance of caristal bonds to collisions with micro-jets.
shock waves.

3. Experimental research
3.1 Apparatus and method used

The experimental research program was carried out on the vibrating device with piezoceramic
crystals, from the Cavitation Erosion Growth Laboratory within the Polytechnic University of
Timisoara. The experimental procedure was with a stationary sample, in accordance with the
standard procedure, described by ASTM G32-2016 [8] and according to the custom of the
laboratory, in terms of total and intermediate durations of exposure to cavitation attack, how to
record and process data. experimental [9-11].

Three samples were tested from each type of material.

Throughout the cavitation test, the functional parameters of the device (double vibration amplitude
of 50 pum, oscillation frequency of 20 + 0.1 KHz, electric power supply of the electronic ultrasonic
generator of 500 W and distilled water temperature of 22 + 1 °C), which determines the
hydrodynamic regime of the cavitation, respectively the intensity of destruction, by the micro-jets
and shock waves produced by the implosion of the cavitation bubbles, were kept at constant
values, due to the fact that the whole operation program is computer software specially built for this
purpose [12].
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3.2 Cavitation test results. Analysis and discussions
3.2.1 Destruction of the surface exposed to the vibrating cavity

Table 3 gives images of eroded surfaces, at three significant times, for one of the three samples
tested in each material. The images, depending on the size of the caverns and the area in which
they extend, highlight the differences in behavior and resistance to the cyclical stresses of local
fatigue produced by micro-jets and shock waves.

The larger shape and dimensions of the caverns produced in the layer of laminate semi-finished
product (5083 L) are observed. This is the effect of lower values of KCV resilience (property that
strongly influences the absorbed energy to break the bonds between the crystalline grains), but
also of the mechanical breaking strength Rm and the yield strength Rpo...

Table 3: Macro-photographed images at significant times

Material 45 min 105 min 165min

5083 T

5083 L

Although hardness is a property with great influence, positive, on the resistance to cavitation
erosion, according to the studies of most specialists, the most cited being Bordeasu [9], Garcia ao
[13], Hobbs [14], Franc ao [15], Steller [16], Sakai-Shima [17], made of various types of metals,
especially ferrous and copper alloys, in this case does not help due to the low values of other
mechanical properties, equally influential on the strength of stresses. cavitation fatigue.

Fig. 2 shows images under an optical microscope on sections A-A made by the cavitationally
eroded surface, which highlight the maximum penetration depths of the cavitation and the
dimensions of the caverns in the cavity area.
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b) 5083 L

Fig. 2. Images under the metallographic optical microscope (caverns, cracks, deformations) and
macrostructural images of the eroded structure in the specimens required for cavitation in the two structural
states

Moreover, these images, from fig. 2, confirms the lower resistance of the 5083 L alloy compared to
the 5083 T. It is observed both the differences in roughness created by erosion, but also the
cavern with the greater depth at 5083 L (279 um compared to 163 pm). At 5083 T there are fewer
and deeper caverns, and at 5083 L more, wider and deeper. These developments of deformations
and fractures are also related to the values of mechanical properties. The more frequent ruptures
of the 5083 L alloy are also caused by the higher hardness value (80.1 HB).

3.2.2 Curves and characteristic parameters

In fig. 3 and 4 show the specific cavitation diagrams, constructed based on the mediation of the
mass losses recorded at the end of each intermediate period "i" (one of 5 and 10 minutes and 10
of 15 minutes each [9]), on the three samples tested, using the relationships:

12

M; = (1/3)2‘Ami - cumulative mass loss (experimental values)
i=1

(1)

Am.
Vi= (1/3)2FI - erosion rate (experimental values)
i

where;:
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Am; - represents the value of mass losses in each of the 12 periods
At - duration of the intermediate period (5, 10 and 15 minutes respectively)

The approximation of the experimental values is made by analytical curves, built with the relations
established in the Cavitation Erosion Research Laboratory by Bordeasu and the team [9, 18-21]:

M (t) = A.t.(l_e—B-t)
()
v(t) = A(1-e8Y + A-B-t-e Bt

(%)
(82}

— Apprdxlmatlon curve
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Fig. 3. Variation of mass losses with the duration of the cavitation attack
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Fig. 4. Variation of the erosion speed with the duration of the cavitation attack

The dispersion of the experimental values, regardless of the diagram, M (t) or v (t), compared to
the mediation curves, shows that the two materials have a similar behavior, a fact proven by the
interval of 60-120 minutes. This resemblance is natural, due to the fact that they are the same
material (see chemical composition in Table 2). The differences between the values of the
parameters, Mmax (total mass lost by erosion in the 165 minutes of cavitation attack), Vmax and vs
(maximum values and towards which the mediation-called and stabilization or final curve
asymptotically tends - defined by the mediation curve v (t)), which express the cavitation strength
are determined, in this situation, by the values of the mechanical properties (Rm, Rp0.2 and KCV),
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as mentioned in paragraph 3.2.1. Thus, according to the value of Mmax, €rosion rate, vs, or
cavitation resistance Rcav (Rcav = 1 / vs) the 5083 T alloy has a higher resistance than the 5083 L
alloy 4.4 ... 4.6 times.

4. Conclusions

- The nature of the semi-finished aluminum alloy 5083 series 5000, from which parts are made that
work in cavitation mode, influences the resistance to cyclic stresses of micro-jets and shock waves,
generated by the implosion of cavitation bubbles.

- The results of this study show that hardness is not always the property that contributes to
increasing the resistance of a surface to cavitation stresses, but, as studied, the values of
mechanical properties, on which depends the capacity of the energy absorption structure
developed by impact, to breakage and mycostructural homogeneity.

- The study calls for further research to see how the surface strengths of the two alloys change
through the application of protection technologies / processes or volumetric and surface heat
treatments.

- The way of destroying the structure shows that both alloys can be used for parts that work in
cavitation, periodic or low intensity regimes.
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