
U.P.B. Sci. Bull., Series B, Vol. 87, Iss. 1, 2025                                                     ISSN 1454-2331 
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The phenomenon of cavitation is present in all areas of industry where liquids 

are in motion. The recognition of its effects is given by the destruction of the material 

structure through erosion, by vibrations and noise, as well as by the modification of 

the hydrodynamic field leading to a decrease in energy performance (efficiency). 

Correlated with the current trends in the use of aluminum alloys in various 

components, such as boat engine propellers and cooling pump rotors of car mills, the 

problem arises of improving the characteristics that determine their increased 

resistance to cavitation erosive stresses. In this regard, the paper presents the results 

of research into the behavior and resistance to erosion by vibratory cavitation of the 

structure of the 7075 aluminium alloy in the T651 state hardened by TIG remelting. 

Comparing the results obtained with those obtained on the semi-finished structure 

and obtained through artificial aging heat treatment regimes, shows a significant 

increase in the resistance of the structure to the cyclic stresses of the microjets 

developed by the hydrodynamics of vibrating cavitation. 
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1. Introduction 

The rapid pace of development of industrial equipment, with high 

requirements for technological mechanical processing capacity, mechanical 

characteristics, resistance to corrosive actions of the working environment and low 

specific mass, has led scientists to turn their attention to aluminum alloys, such as 

duralumin, rolled or cast, which largely meet these requirements [1-11]. 

Currently, there is practically no field in which a part or the subassembly 

made of aluminum or duralumin cannot be found. Among the most well-known 

applications, in which these alloys are present in at least one part, are [1, 2, 4, 11-

14]: strength structures in the military, aeronautical, automotive, river and maritime 

fields, sports equipment, hydro-pneumatic and medical equipment.  

The increase in mechanical, hydrodynamic and corrosive stress conditions 

has required the development of technologies, such as volumetric and surface heat 

treatments, to give duralumin the necessary properties. If, in the past, duralumin 

was used to manufacture parts subject to low or no mechanical stress (static or 

dynamic), we currently find it in highly stressed resistance structures, such as 

equipment that works in cavitation conditions with various intensity regimes [1-

10]. As the range of duralumin alloys, in semi-finished states, is wide, the recent 

researches [1, 2, 4, 15-22] are oriented towards the development of technologies 

that give the surface structures of parts the necessary resistance to the erosion 

produced by the cavitation regime, such as that of thermal engines (valves, pistons, 

cooling pump rotors), household pumps and boat engine propellers. Among these 

alloys, the behavior and structural strength of the 7075 alloy in the T451 state to the 

stresses of cavitational microjets is very little known, although it is used in strength 

structures, in the military and aeronautical fields, where mechanical properties, 

especially hardness, close to those of low-alloy carbon steels are required [2, 11, 

13, 14, 23-25]. In the literature, the only data on the cavitation resistance of the 

alloy 7075, cast or rolled, are those obtained at the Politehnica University of 

Timișoara, in the Cavitation Erosion Research Laboratory, which refer to the semi-

finished states and those resulting from artificial aging heat treatments at 180ºC, 

140ºC and 120ºC, [1, 2, 4, 26]. However, the analysis of these data does not provide 

a clear picture of the dependence of resistance and the behavior to cavitation 

stresses on the parameters of the treatment regime (temperature) and the values of 

mechanical properties. As a result, the research carried out by us on samples taken 

from cast semi-finished products of alloy 7075 T451 state, shows that the use of the 

TIG remelting method leads to an increase in the hardness of the stressed surface, 

with the effect of improving its behavior and resistance to cyclic cavitation stresses. 
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2. Material and Experimental Procedures 

The researched material is the 7075 aluminum alloy in T451 condition, and 

cast state hardened by remelting using the TIG method. The reason for analyzing 

this alloy is that its behavior and resistance to cavity erosion were investigated for 

the cast semi-finished product state and for three structural states resulting from 

artificial aging heat treatments at [1, 4]: 180ºC, 140ºC and 120ºC, with a holding 

time of 12 hours and the desired increase in strength was not achieved, compared 

to the cast semi-finished product state. Wishing to expand its application to parts 

such as valves, distributors, boat propellers, pump rotors, which are part of the 

construction of hydraulic machines and equipment, which work in various 

intensities of cavitation, research was carried out on the structure of this alloy 

hardened by the TIG remelting method.  

Chemical composition performed on the cast semi-finished product, in 

shown in table 1, and mechanical properties are given in table 2. 
Table 1-  

Chemical composition of the experimental aluminum alloy 

alloy Chemical composition,%wt. 

Si Fe Cu Mn Mg Cr Zn Ti Al 

Experimental 0.37 0.45 1.6 0.27 2.15 0.19 5.8 0.19 balance 

7075 Max 

0.40 

Max 

0.50 

1.2-

2.0 

Max 

0.30 

2.1-

2.9 

0.18-

0.28 

5.1-

6.1 

Max 

0.20 

balance 

 
Table 2-  

Mechanical characteristics of the experimental aluminum alloy 

alloy Mechanical properties 

Fracture 

strength, 

MPa 

Yielding 

strength, 

MPa 

Fracture 

elongation, % 

Hardness, 

HB 

Toughness, 

KCU, J/cm2 

experimental 225 175 6 74.5 9.5 

7075, T451 Min 220 Min 163 Max 11 - - 

 

The remelting of the surface of the samples, which is attacked by cavitation, 

was done on the TIG welding machine, shown in Fig. 1. Working conditions and 

parameters of the technological regime used given in table 3. 
Table 3 

Parameter for welding process 

W
el

d
in

g
 

p
ar

am
et

er
s 

Curent, 

Is (A) 

Voltage, Ua, 

(V) 

Arc length, 

mm 

Welding speed, cm/min 

70 1.7 2 12 

Linear energy, 

J/cm 

Remelting 

time, s 

Electrode, 

mm 

Gas argon 

flow, L/min 

Balancing, % 

10.4 15 2.4 8 60/40 
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The procedure for remelting the surface of the cavitation sample, according 

to technological recommendations, was: the base material was preheated to 100°C 

and the temperature between passes was maintained between 120°C and 150°C. To 

ensure a constant welding speed, the TIG welding head was mounted on a welding 

machine, thus mechanizing the process. To remelt the surface, parallel passes were 

made with a step between them equal to 2/3 of the width of a pass, thus ensuring an 

overlap of approximately 1/3 of the width of the pass. This allowed obtaining a 

smooth melted surface, without welding defects, such as lack of melting or marginal 

notches.  
 

 
Fig. 1 Experimental stand used – TIG welding machine 

 

The experimental research program was carried out on the vibrating 

apparatus with piezoceramic crystals [1, 2, 4, 9, 26, 27, 37] (see functional 

construction scheme of the apparatus in Fig. 2) using cylindrical samples with a 

diameter of 15.8 mm and a length of 16 mm. The experimental procedure and the 

research conditions were: the number of samples tested (three), the total duration 

of cavitation exposure (165 minutes), the intermediate periods (one of 5 and 10 

minutes and 10 of 15 minutes each), the liquid medium (distilled water with a 

temperature of 22 ± 1ºC), the processing and interpretation of the recorded data, 

comply with the laboratory specifications [1-10, 27, 36] and the provisions of the 

international standard ASTM G32-2016 [38]. 



The effect of hardening obtained after TIG remelting on the resistance of the 7075 alloy structure...167 

The mass losses, necessary for determining the average erosion depth during 

each intermediate cavitation period, were determined with the Kern ABT 100-5NM 

analytical balance, whose maximum weighing range is 100 g and the accuracy is 

0.00001 g. The measurements were performed at an ambient temperature of 

21...26°C and a humidity of 62...78 %. 
 

 

Fig. 2 Functional construction diagram of the vibratory device [adapted from [37] 

 

3. Results and Discussions 

3.1 Structural characterization of materials 

Metallographic analysis of the structure, Fig. 3, performed with the 

REICHERT UnivaR microscope, shows that in the structure of this alloy the most 

common precipitates include MgZn2 and Al3Zn [1]. The macroscopic appearance 

of the samples, after TIG remelting is illustrated in Fig. 4.  In Fig. 4b is presented 

the appearance after flat turning, grinding and finishing with abrasive paper to a 

roughness Ra = 3.2 m. 
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Fig. 3. Microstructural aspect of aluminum 7075 alloy in cast state 

 

 
a)                                        b) 

Fig.4 Appearance of the sample surfaces after TIG remelting, a) image of the sample with the 

surface remelted by the TIG method, before cavitation testing 

b) appearance of the remelted surface, prepared for hardness measurements and cavitation testing. 

 

3.2 Mechanical behaviour 

Hardness measurements, performed at 5 points on the surface of the sample 

for the experiment, led to an average value of 154 HB. 

Since surface hardness is the property with the greatest influence on the 

resistance of the structure to cyclic fatigue stresses due to cavitational microjets [9, 

26-36], after remelting and mechanical turning with grinding/polishing of the 

obtained flat surface, using the 251 VRSA AFFRI hardness tester. In strict 

accordance with the provisions of ASTM E384, the measurements of the hardness 

of the remelted layer were carried out in 5 points on the surface of the sample used 

for the experiment, resulting in an algebraic average value of 154 HB.  

3.3. Cavitation Behaviour of Materials 

According to ASTM G32-2016 standards, before the start of the cavitation 

test and after each intermediate period, the surfaces affected by cavitation were 

photographed with the HUAWEI 9 Nova phone and examined with the OPTICA 
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stereomicroscope, which allowed the visualization of the area affected by 

cavitation, as the evolution of the formed caverns and as an extension in the surface 

plane, due to the fact that the microscope allowed magnifications of 4x, 10x, 20x, 

40x and 80x. 

To assess the behavior of the TIG remelted surface structure during 

cavitation attack, the average cumulative erosion depths (MDEi) and the related 

average erosion penetration velocities (MDERi), were determined, using the mass 

losses of each intermediate period. With the determined values, with the 

relationships established in previous references [27, 39, 40] the specific cavitation 

curves MDE(t) and MDER(t) were constructed, which express the variations of the 

average cumulative erosion depths, Fig.5, and of the average erosion penetration 

velocity, Fig. 6, with the duration of exposure to cavitation. These curves, according 

to the laboratory's custom, were the basis for determining the parameters MDEmax 

and MDERs, necessary for estimating the resistance of the surface structure to the 

cyclic stresses of cavitation microjets. 
 

3.3.1 Specific diagrams of the structure's behavior during cavitation attack 

The diagrams in Fig. 5 and 6 show both the analytical forms of the 

relationships with which the averaging curves of the experimental values were 

constructed, the values of the MDEmax and MDERs, necessary parameters for 

evaluating the structure's resistance to cavitation erosion and the values of the 

statistical parameters that provide information about the accuracy of the 

experimental test and about compliance with the parameters of the TIG remelting 

technological regime - the average standard deviation  and the degree of precision 

expressed by the tolerance interval, in which the averaged experimental values are 

distributed. 

 
 

Fig. 5 Variation of the average cumulative erosion depth with the duration of cavitation exposure 

(i = is the number of the intermediate period; the first of 5 minutes, the second of 10 minutes and 

the next ten of 15 minutes each) 
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The data in Fig. 5 shows: 

- the three samples have similar behaviors, in some situations the cumulative 

material losses of the three samples, expressed by the cumulative average depths 

being equal (30 min, 75 min, 90 min, 135 min). These aspects show that for all three 

samples, the parameters of the TIG remelting technological regime were respected; 

- an increase in MDE values is observed in the interval of 0...15 minutes, 

which suggests that from these moments the surface structure is eroded by 

cavitation. This suggestion is false, because, according to previous studies from the 

Cavitation Erosion Research Laboratory [27] and those provided by bibliographic 

references [31], this period (0...15) min is characterized by the elimination of the 

asperity peak, elasto-plastic deformations and the creation of crack networks; 

- the limits of the 97% tolerance interval with the value of the average 

standard deviation  = 0.028 show the accuracy of the experimental program, as a 

result of the rigorous control of the functional parameters of the vibratory device, 

through the software implemented in the computer with which the cavitation 

process was conducted; 

- the averaging curve suggests an exponential increase with a linearization 

trend starting from minute 45. This evolution mode suggests two aspects: (1) 

damping of the impact pressures exerted by the cavitational microjets on the 

attacked surface, (2) increasing the hardness of the layer in the eroded structure. 
 

 
Fig. 6 Variation of the average erosion rate with the duration of exposure to the cavitation attack 

(i = is the number of the intermediate period (the first of 5 minutes, the second of 10 minutes and 

the next ten of 15 minutes each) 

 

From the data in Fig. 6 it can be seen: 

- relatively small differences between the velocity values determined in the 

intermediate intervals, which confirm the hardness of the layer attacked by 

cavitation, obtained by TIG remelting;  

- high values of the speeds in the first minutes (5 minutes), which confirm 

that the structure did not suffer significant losses of base metal, but that these values 
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are the effect of the elimination of abrasive dust and the tip of the asperities 

remaining after grinding; 

- the relatively uniform dispersion of the experimental values compared to 

the averaging curve MDER(t), which reconfirms the accuracy of the experimental 

program, while simultaneously respecting the remelting regime of the layer 

required by cavitation. 
 

3.3.2 Morphology of structural degradation 

The morphology of the structural degradation is illustrated by photos and 

microfractographic images. The illustration of how the erosion caused by vibratory 

cavitation extends, both on the exposed surface and in depth, is shown in Fig. 7 by 

macro images of the surface appearance at 6 significant times, defined by the shapes 

of the curves MDE(t), Fig. 5 and MDER(t), Fig. 6. Comparing these images with 

the one from the minute zero - before the start of the test, Fig. 3b - the force, 

respectively the destructive intensity of the vibratory cavitation generated by the 

piezoceramic crystal device is noted. 

   
15 min 45 min 75 min 

   
105 min 150  min 165 min 

Fig. 7 Photographic images of the evolution of erosion in the sample surface structure  

(HUAWEI 9 Nova mobile phone) 

 

The photographic images in Fig. 7 suggest that: 

- the cavitation matting and incubation period is shorter, maximum 15 

minutes.  
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The statement is supported by the image from 15 minutes, where 

microcaverns are already visible in the cavitated surface; 

- increasing the duration of the cavitation attack leads to the development of 

caverns, of which the size and number increases; 

- the shape of the caverns is pinched, with a crow-like appearance, which 

shows that the material was torn out and expelled under the shapes of the grains; 

- starting with minute 105, the differences become increasingly difficult to 

notice, which explains the decrease in impact force, through the damping effect of 

the water and air that penetrated them, during the contraction period of the 

sonotrode. 

To understand the mechanism of destruction of the surface structure, 

remelted by TIG, through the development of cracks with their transformation into 

microcavities, by cyclic cavitation stresses, fractography performed by scanning 

electron microscope (SEM), combined with energy dispersive X-ray spectroscopy 

(EDX), was used. 

Figs. 8a and 8c show the obtained SEM images. They show that the alloy 

suffers from structural degradation through complex mechanisms that include 

mechanical fatigue, intergranular corrosion and localized plastic deformation. 

The SEM images in Fig. 8a and Fig. 8b show the irregular shapes of the 

caverns, randomly distributed in the area affected by cavitation, and the image in 

Fig. 8c, a detail of the previous figures, shows a rough, spongy sponge-like surface. 

From the measurements made with the microscope, these caverns have small 

dimensions, from 10 µm to 50 m. The shape of the caverns and the dispersion in 

the microscope objective, according to [1, 2, 4, 27, 31], classify the structure 

hardened by TIG remelting as one with a very high resistance to cavitation erosion. 

The images in Fig. 8a also show that the deformations and caverns in the 

cavitated area appear to be localized in the central area where the cavities are 

present, indicating plastic deformation before fracture. The images in Fig.8b also 

show that the surfaces are relatively smooth around the edges, with a central area 

showing multiple cavities – material pull-outs. The sizes of the cavities vary and 

are evenly distributed in the central area. The edges of the samples show fine lines, 

suggesting possible cracks or deformation zones.  

From the point of view of the degradation mechanism, we believe that the 

fracture has a mixed character, either ductile or brittle; ductile fracture being 

characterized by the formation of microvoids and plastic deformation before 

fracture, and brittle fracture occurring suddenly, with very little prior to the plastic 

deformation. The texture of the fractures is a general one, in which the microvoids 

are coalesced to form multiple cavities. SEM images show the presence of fine lines 

indicating intergranular (along grain boundaries) and transgranular (through grains) 

cracks. We believe that intergranularity indicates that grain boundaries were points 

of weakness, caused by the presence of impurities or secondary phases at these 
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boundaries. We also believe that transgranularity suggests a higher intrinsic 

strength of the grain boundary and may indicate a more homogeneous material. 

Based on microscopic analysis, we consider that the cavitation resistance of the 

analyzed structure is strongly dependent on the presence of impurities, phase 

segregation and local structural variability that can increase the susceptibility to 

cracking and breakage. In fig 9 is presented the EDS image with the dispersion of 

the chemical elements in the remelted and cavitated structure. The metallographic 

image in Fig. 10 shows the depths of the caverns in different areas, which exceed 

by over 40 times the calculated average MDEmax value (see Fig. 5), which supports 

the breaking force of the pressures developed upon impact of the structure with the 

cavitational microjets. 
 

  
zoom 15x    b) zoom 50X 

 
c) zoom 1000X 

Fig. 8 SEM analysis of the experimental specimens of alloy 7075, tested at cavitation after 165 

hours at different microscope magnification powers 
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Fig. 9 EDS Imagine 

 

3.3.3. Structural resistance to cavitation stresses 

The assessment of the resistance of the remelted TIG structure to vibratory 

cavitation attacks, according to the data shown in the histogram in Fig. 11, is given 

by the values of the parameters MDEmax and Rcav = 1/MDERs (resistance of the 

structure to cavitation), compared with those of the structures of the same alloy for 

the semi-finished product state in the cast state and results from the volumetric heat 

treatments of artificial aging at 180ºC (TT180/12h), 140ºC (TT140/12h) and 120ºC 

(TT120/12h), with holding times of 12 hours. 

The differences between these strengths are dictated by the differences in 

hardness values (74.55 HB for the cast semi-finished state [1], 91.3 HB for 

TT180/12h [4], 95.5 HB for TT140/12h [1] and 76.5 HB for TT120/12h [1]). 

The histogram data shows an increase in the resistance to erosion caused by 

the cavitation phenomenon, conferred by TIG remelting, according to the values of 

the MDEmax parameter, from 63% compared to the structure obtained by the TT 

180°C/12h artificial aging heat treatment to over 7 times compared to the structure 

obtained by the TT 120°C/12h. Also the values of the cavitation resistance 

parameter Rcav, show a significant increase, from 55% compared to the structure 

obtained by the TT 180°C/12h treatment, to over 8 times compared to the structure 

obtained by the 120°C/12h treatment. 

Therefore, the application of TIG remelting technology to strengthen the 

hardness of the surface structure of the 7075 aluminum alloy is beneficial because 

it will lead to a substantial increase in its service life in hydrodynamic operating 
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environments, characterized by a strong cavitation regime, specific to pump rotors 

and motorboat propellers. 

 
 

Fig.10 Structural appearance of maximum erosion penetration depth 

 

 
 

Fig. 11 Histogram of comparison of resistance to vibratory cavitation erosion 

 

4. Conclusions 

 

The evolutions of the specific MDE(t) and MDER(t) curves suggest that the 

structure obtained by TIG remelting of the surface stressed by cavitation, has a 

cavitation behavior specific to those with very good resistance to stresses. 

From the point of view of resistance to cavitation erosion, due to the increase 

in hardness, the structure obtained by TIG remelting is clearly superior to the 
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structures of cast semi-finished products and to those obtained by heat treatments 

of artificial aging at 180ºC, 140ºC and 120ºC with holding times of one hour. 

The microscopic analysis of the cavitation-eroded structure shows that the 

fracture is specific to fatigue stress, either ductile or brittle, characterized by the 

formation of microvoids and plastic deformation before fracture, followed by brittle 

fracture. It is caused by intergranular and transgranular crack networks formed 

under the forces developed by the impact of the surface with shock waves and 

microjets, generated by the hydrodynamic mechanism of cavitation. The shape of 

the crack networks and the location of their occurrence are influenced by brittle 

intermetallic compounds and the degree of impurity.  

The research results show that the use of the TIG remelting method can be 

applied for the use of cast aluminum alloy 7075 in parts that work in cavitational 

currents with above-average destruction intensity, such as propellers for boat 

engines and pump rotors in the cooling system of thermal engines.  
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