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ABSTRACT 

Fatigue is a phenomenon of progressive damage caused by repeated fluctuating loads, 

which are normally well within the elastic limit. It leads to crack initiation and 

propagation and ultimate catastrophic failure. High factors of safety may not be the 

necessary and sufficient solution for design against fatigue. Damage tolerance 

becomes the primary basis for fatigue design specially when dealing with high 

strength materials for aerospace structures, where optimization for weight saving 

becomes a necessity. Thus minute investigation of kinetics of fatigue crack growth 

becomes very important. 

Amongst the various available materials for aerospace applications, the 7010 

Aluminum alloys have shown a great promise. In the present work, studies have been 

carried out concerning the composition and microstructural parameters which lead to 

an improvement in the damage tolerant properties in this alloy. The alloying 

modifications studied were those consisting of Silver and Scandium additions. The 

studies also covered the effect of different types of aging treatment effects on the 

microstructure as well as the fatigue crack growth kinetics in the alloy. The studies 

were also conducted on differently heat treated 7010 alloys resulting in significant 

difference in their microstructures. The heat treatment of the alloys was done by 

initially solutionizing at 465°C, then water quenching and subsequently artificially 

aging in three different ways, two step near peak aging, single step peak aging and 

the over aging. 



The experimental program included tensile testing, microstructural characterization, 

conventional fatigue strength determination and fatigue crack propagation studies in 

both the threshold as well as in the Paris region. 

The base material used for all the alloying as well as various aging treatments was the 

7010 aluminum alloy with the chemical composition in wt% as 6.3% Zn. 2.3% Mg. 

1.55%Cu, 0.14% Zr, and the rest Al. The alloy was solution treated at 465°C for one 

hour, followed by water quenching and then artificial aging at a temperature of 120°C 

for 24 hours. 

In the Silver modified alloys 0.4% Ag was added which was found to have improved 

the crack propagation threshold by over 40% but the influence on the fatigue crack 

growth rate of the alloy does not appear to be significant. The microstructural 

observations and the investigated fatigue micro-mechanisms reveal that the rolled 

grains in this alloy have a larger width and result in a coarser fracture surface which 

could result in a higher crack closure and hence an improved fatigue threshold. 

In the Sc containing alloy, 0.25% Sc is added which resulted in a higher strength 

properties but somewhat reduced fatigue strength. a decrease in DK,i, value of about 

40%, and a more than two fold increase in the fatigue crack propagation rate as 

compared to the base alloy. The higher strength in the alloy is considered to be due to 

the Al3Sc,Zr i „ dispersoids, an unrecrystallized structure and a finer sub-grain size. 

The reduced fatigue strength as well as the fatigue crack propagation threshold was 

due to the finer grain structure whereas the inferior fatigue  crack propagation 

resistance is believed to be due to the presence of additional coarse primary 

Al3Sc,Zr1_, particles (2-5 !_trri) which showed a tendency to promote void formation 

on them. The fracture surface studies further provided an insight in to the causes of 

the above findings. 
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In the two-step near peak aged 7010 alloy the artificial aging was done in two steps, 

i.e. first at 100°C for 8hrs and then followed by aging at 120°C for 8hrs. The fatigue 

behavior shows the lowest fatigue strength (endurance strength) of 255 MPa. The 

crack propagation threshold value, AKth was found to be 5.0 MPaN/m and the fatigue 

crack growth resistance was the highest amongst the other heat treated alloys. The 

alloy microstructure revealed a marked reduction in the width of precipitate free 

zones, PFZs adjacent to the grain boundary with small, closely placed II particles at 

the grain boundary besides the fine n' precipitate particles within the grain. The 

typical microstructural features of this alloy are considered to be the main cause of its 

observed fatigue behavior. The fractographic studies gave a further insight into the 

characteristic behavior of the alloy. The high resistance to fatigue crack growth could 

be due to the presence of shearable precipitates, less coarse grain boundary particles 

and a reduced width of PFZs. 

In the case of 'Sinde step peak aging', the base alloy is subjected to an artificial aging 

at 120°C for 24hrs in a single step. The resultant alloy was in the peak aged condition 

as it possessed the highest strength properties. This alloy was found to possess an 

intermediate fatigue strength value of 260 MPa, whereas the AK,I, was obtained as 5.2 

MPa'm which are higher than that in the near peak aged alloy. However the fatigue 

crack growth rate in this alloy is found to be about twice as compared to the near peak 

aged alloy. The alloy microstructure revealed a wide Pig adjacent to the grain 

boundary and coarse grain boundary >1 particles, besides the coarse 11' particles within 

the grains. These microstructural features have been instrumental in justifying the 

behavior of this alloy. 

In the case of over aging' treatment, the base alloy was subjected to an artificial 

aging treatment in three steps i.e. at 100°C for 8hrs followed by aging at 120°C for 
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8hrs and subsequent aging at 172°C for 8hrs. The studies of the fatigue behavior of 

this alloy show a fatigue strength of 284 MPa, and a AKth  value of 6.2 MPa im which 

are the highest amongst all the aging treatments provided to the alloy. Interestingly. 

the fatigue crack propagation resistance in this alloy was found to be at the lowest 

level. The microstructural examinations showed the typical over aged features having 

coarser rl particles at the grain boundaries, besides the coarse it precipitates as well as 

n particles within the grain. These microstructural features explain the observed 

fatigue behavior. The overaged 7010 alloy deforms homogeneously due to the 

presence of non-shearable precipitates in the matrix and is characterized by the coarse 

grain boundary particles within the soft PFZ resulting in a poor fatigue crack growth 

resistance. The fatigue strength as well as the fatigue crack propagation thresholds are 

found to be the highest in the over aged alloy. The reduced matrix strength results in a 

reduced strength differential at the grain boundary which in turn leads to minimal 

strain localization which is possibly the reason for the improved fatigue properties in 

the over aged alloy. Further, the fractographic studies have been conducted on the 

fractured surfaces of these differently heat treated alloys revealing the micro-

mechanism of the fracture and providing deeper insight into the features which have 

been instrumental in providing the observed results. Some limited closure studies 

have also been conducted which revealed the results supporting the earlier inferences. 
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