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Background
In 2005, EADS conducted a High-Cycle-Fatigue test program to evaluate the properties of LENS-deposited
Ti-6Al-4V (TiAl6V4, or Ti-6-4). A summary of this evaluation is below. We express our thanks to EADS for
conducting this work and allowing us to publish this paper.
Sample Preparation
Twelve samples were delivered in rods standing on base plates with dimensions of about the final sample
geometry, Figure 1. The rods were removed from the base plate and samples were machined according to
Figure 2.

Fig. 1: Specimen rods in the as delivered condition Fig. 2: Dimensions of Test Specimens, mm
Testing Equipment
High Cycle Fatigue tests were performed on a Rumul Microtron 654 Resonanz Tester. Test frequency was
around 110 Hz.
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HCF Test results
Figure 3 shows a Wöhler curve based on the 11 samples tested. The yield strength of the material was
tested by static tensile loading on one sample, and was found to be 923 MPa, with an ultimate tensile
strength of about 1022 MPa. Stress levels for HCF testing between roughly 600 and 800 MPa were
chosen.
Virtually all samples tested reached a number of cycles to failure greater than 106. Sample 5 tested at 800
MPa shows some plastic deformation. There is some scatter in the results. We assume that depending on
the location of fracture initiation site – surface near or centre – together with the load applied the samples
show lower or higher fatigue life respectively.
At a stress level of 600 MPa the samples failed beyond the 107 cycle limit. (Please note that the
differences in cycles of failure are substantial which might not show at first due to the logarithmic scale.)
Testing was continued at 587.5 MPa in order to further investigate the fatigue limit. One sample reached >
150 M cycles (test stopped) the other failed at about 119 M cycles.
Figure 4 shows a comparison of values to literature data.
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Fig. 3: HCF testing results under tensile loading at R=0.1. Red = test stopped
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Fig. 4: Literature data for HCF life of TiAl6V4 in the cast and forged condition, with EADS data re-plotted
from Figure 3 as red circles.
Fracture surface analysis
A SEM fracture surface analysis was performed on sample 6, 750 MPa, and sample 8, 600 MPa. Sample 6
shows a fracture initiation site in the lower part of the sample with about ¾ of the sample contributing to the
forced rupture, Figure 5.
Sample 8 tested at lower stress level shows a low portion of forced rupture and about 2/3 portion of
dynamic fracture. Fatigue striations can easily be detected on the fracture surface, Figure 6.
Figure 7 shows an optical analysis of sample 12 tested at 587.5 MPa. The portion of dynamic fracture is
about 2/3 of the fracture surface. A crack initiation can be seen in the middle of the photo in a surface near
region of the sample. The outer right and upper/lower part of the sample broke in the residual forced
rupture.
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Fig. 5: Fracture surface analysis of sample 6, 750 MPa. R = 0.1

Fig. 6: Fracture surface analysis of sample 8, 600 MPa. R = 0.1.

LENS Fatigue Testing Technical Brief

Page 4 of 5

Fig. 7: Optical fracture surface analysis of sample 12, 587.5 MPa. R = 0.1.

Evaluation
The samples showed good properties. Figure 4 displays a literature scan of typical HCF properties for cast
and wrought TiAl6V4. It can be seen that the values tested are well comparable to wrought TiAl6V4
properties.
In the SEM analysis of the fracture surface, no pores or impurities could be identified as crack initiation
sites. Fatigue striations could be detected at low load levels. The state of the samples can be considered
pore-free, based on the analysis performed.

on the mold.
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