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1 Introduction

It has long been recognized that mechanical surface treatments such as shot peening or rol-
ler-burnishing can significantly increase the fatigue performance of structural components. Re-
garding the application of light-weight alloys, it is known that titanium and magnesium alloys
as opposed to aluminum alloys can respond quite critically to a shot peening treatment. For ex-
ample, a very marked over-peening effect was observed on the high-strength magnesium alloy
AZ80 [1, 2], i.e., the fatigue life as a function of Almen intensity first dramatically increased
compared to an electropolished reference followed by a drastic drop as the intensity increased.
This sensitivity was attributed to the limited deformability by slip of the hexagonal magnesium
crystal structure.

The response of titanium alloys to shot peening is reported to strongly depend on many fac-
tors, as alloy class (o, (o+f) and metastable ) and its cyclic deformation behavior which in
turn determines the cyclic stability of the process-induced residual compressive stresses. For ex-
ample, metastable B alloys exhibited only slight improvements of the fatigue performance while
o alloys responded much more beneficially. Further, previous work [3] has shown that the re-
sponse of the (a+f) titanium alloy Ti-6Al-7Nb to shot peening and roller-burnishing was clearly
related to the mean stress sensitivity of the particular microstructure and crystallographic tex-
ture. Conditions with an anomalous mean stress sensitivity [4, 5] showed little improvement in
fatigue performance as opposed to conditions with a normal mean stress sensitivity.

The present investigation was performed on the well known (a+f) titanium alloy Ti-6Al-4V
having a typical commercially available mill annealed microstructure. In order to establish opti-
mum conditions with regard to fatigue performance, shot peening and rolter-burnishing were
performed using a wide variation in Almen intensity and rolling force, respectively. Additional
polishing treatments were performed to reduce process-induced roughnesses and microcracks in
order to find out if the fatigue behavior can be further improved.

2 Experimental

The (o+p) titanium alloy Ti-6Al1-4V was received as 310 mm rod hot rolled below the beta
transus temperature. Prior to rolling, the ingot had been B-forged. The crystallographic texture
was determined by X-ray diffraction and will be presented as (0002) pole figure. Tensile and fa-
tigue specimens were machined in rolling (RD) direction. Tensile tests were performed on
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threaded cylindrical specimens with gage lengths and diameters of 20 mm and 4 mm, respec-
tively. The initial strain rate was 8.3 x 10”%s™". Tensile test results are listed in table 1.

Table 1: Tensile properties of Ti-6Al-4V

b UTS El RA
890 MPa 960 MPa 13 % 46 %

For fatigue testing, hourglass shaped specimens (3.8 mm gage diameter) were prepared. Spe-
cimens were turned (T) under well defined process conditions. The turning parameters are listed
in table 2.

Table 2: Turning parameters of the final passes in the as-machined (T) condition

Tool bit TiN/AlLO4/TiICN-CVD coated WC
Chisel radius 0.4 mm

Infeed 0.2 mm

Feed rate 0.15 mm/rev.

Spindle speed 2500 min~!

Cooling fluid oil-water mixture (1:10)

One part of these specimens was electrolytically polished (EP) to serve as further reference.
Roughly 100 pm were removed from the surface to ensure that any machining effect that could
mask the results was absent.

Others were shot peened (SP) by means of an injector type machine and a direct pressure
blast system for low and high Almen intensities, respectively. Shot peening was performed
using cast steel shot S 330 (0.8 mm average shot size). All peening was done to full coverage.

Another part of the turned specimens was roller-burnished (RB) using a one-roll hydraulic
system with 6 mm hardmetal ball operating in a conventional lathe. Spindle speeds of 36 min™!
(RB1) and 780 min™! (RB2) were used. Rolling forces were varied in a wide range.

In addition, mechanical polishing was performed on some shot peened (SP+MP) or roller-
burnished specimens (RB+MP). This was done to reduce process-induced roughnesses and
possible microcracks.

For the various surface treated conditions, roughnesses were determined by profilometry and
residual stress-depth profiles by the incremental hole drilling method as described in [6].

To study cyclic deformation behavior, stress controlled LCF tests were performed on
threaded cylindrical specimens with gage lengths and diameters of 10 mm and S mm, respec-
tively. Tests were done in fully reversed (R = ~1) loading using a servohydraulic testing machine
at a frequency of 0.05 Hz. Hysteresis loops were recorded by strain gage measurements. From
the hysteresis loops, half of the plastic strain range at zero load (Ag,)/2) was taken and plotted
versus number of cycles.

HCF tests were performed on the various surface treated conditions in rotating beam loading
(R =-1) at frequencies of about 60 Hz in ambient air.


















