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1 Introduction 

It is widely accepted that the use of controlled shot peening (CSP) can be a beneficial process to 
improve the performance of metallic components. More precisely, it is recognised that it can 
increase fatigue life and reduce susceptibility to stress corrosion cracking (SCC), improvements 
generally accredited to the induced compressive residual stress layer close to the surface of the 
shot peened material. These two improvements due to CSP have been reported to be the most 
commonly investigated [ I ] .  On searching the available literature, works on the effects of CSP 
on corrosion fatigue are far less in abundance. In most cases CSP was shown to increase corro- 
sion fatigue life by introducing an effective compressive residual stress layer, which reduces 
crack propagation rates during the early stages of crack growth [2-71. In one case, CSP was said 
to have had a greater effect at higher stress levels in a spring steel [8], whilst it has also been 
shown that the largest gain was achieved at lower stress levels in a structural steel [9]. However, 
contrary to the aforementioned results, evidence has been presented that shows no advantageous 
effect of CSP, in either a spring or structural steel, under corrosion fatigue conditions [ 101. 

Possibly due to the mechanical nature of the fatigue phenomenon, very little attention ap- 
pears t~ be directed t~s?,ards !he e!ect~~r,hp,mic;:! effect:; =t; CIS?, Ir, [ 3 ] ,  (ISP was s e ~ ; ~  t~ have nci 

effect on the free corrosion potential, E,,,.,., in a 1 .ON H2S04 solution, but the corrosion cusrent 
density, I,,,.,., was said to increase with peening. However, in a 3.5% NaCl solution, E,,,., was 
seen to be nobler and I,,,.,. was reduced. These latter findings are consistent with results obser- 
vedin [ I l l .  

The present investigation has been made as part of an ongoing study into the effects of CSP. 
Aluminium alloy 2024 T351 is commonly used within the aerospace industry, and is routinely 
shot peened as part of the manufacturing process. To determine the effects of CSP on the corro- 
sion fatigue behaviour of this alloy, a series of tests were performed. Initially, corrosion fatigue 
tests were conducted on both unpeened and peened specimens. Electrochemical testing was 
then undertaken, firstly, to investigate if the shot peening would change the characteristics of the 
material, and secondly, to help with the interpretation of the corrosion fatigue results. 

2 Experimental Procedure 

2.1 Corrosion Fatigue 

Corrosion fatigue testing was carried out on flat, hourglass profiled specimens of din~ensions 
200 x 24 x 5mm, with a l0mm wide centre section [Figure I], in a 3.5% NaCl solution, pH ap- 



proximately 6.0. The solution was continuously aerated and pumped from a tank to a corrosion 
cell containing the specimen, and then recycled to the tank throughout the tests. Testing was 
performed on an Instron 8501 servo-hydraulic test rig at 25 Hz, stress ratio R = 0.1. 

i -- 1, --. _ - 
I Direction o f  Rolling 

Shot peening conditions were 200 % coverage, 45" impingement angle, using steel shot, 
S I 10. After peening, the specimens were cleaned iising a 70 5% nitric acid solution to remove 
any shot contamination. 

2.2 Electrochemical Testing 

Electrochemical tests were performed on cylindrical specimens as described in ASTM standard 
F476-87. Shot peening parameters and solution conditions were identical to those for fatigue te- 
sting. Potentiodynamic polarisation tests were conducted to ascertain coi-rosion characteristics, 
s ~ c h  as E,,,, and I,,,,, by producing Tafel plots (approx rt 600 mV of E,,,,) and linear polarisa- 
tron plots (approx. rt 20 mV of E,,,,.,.). 
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Figure 2: Result\ of air and coslosion fatigue test\ 

3.2 Electrochemical Analysis 

The free corrosion potential of the material, in both the peened and unpeened conditions. was 
determined by allowing samples to corrode freely over a n~unber of hoim whilst measuring the 
potential versus a saturated calornel electrode (SCE). The potentiodynamic polarisation tests 
were then run from approximately -600 mV below this value to +600 mV above it. As seen in 
Figure 3, in both conditions the material behaves the same. It can be seen that E,,,,.,. values for 
the peened specimens, were nobler by about 50 mV. 

To determine I,,,,,, it was necessary to determine the polarisation resistance RI,  This can be 
taken as the gradient of the linear portion of the linear polarisation plot, t 2 0  nlV of Ec,,,.,.. IcOl1 
can then be calculated using Equation 1 .  

AE 
- = R,, = P A P B  

Ai 2 . ' ( ~ c c m  )(PA + PC) 










