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coating defects have been closed to a lesser depth than
that which resulted from the inventive method. The
surface finish of the coating has been improved some-
what to 40-50 AA, using virgin glass beads free of
fragments. The improved densification using the inven-
tion practices is understandable from test measurements
made of titanium alloy (Ti-6Al-4V) test specimens
which had been peened to the same intensity but using
different shot diameters. FIG. 4 compares the residual
compressive stress as measured by x-ray diffraction at
different points beneath the surface of specimens peened
to an I of 0.27N using GB20 and 1.6 mm dia steel shot.
It is seen that the residual stress state for the larger steel
shot is deeper, and the average stress is lower. This
shows the superiority of the larger steel shot and ex-
plains why the superior densification in FIG. 2 is ob-
tatned.

The practice of the invention with plasma coatings is
illustrated by FIGS. 5-7. FIG. 5 shows an as-deposited
MCrAIlY coating 33 on a MAR M-200+ Hf superalloy
substrate 32. Characteristic void defects 34 are more or
less uniformly dispersed through the coating, ranging
from the surface 36 to the substrate and coating inter-
face 38. Measurement shows the density of the coating
is about 6.77 gm/cc, or about 94% of the theoretical
density of the solid constituent metals. The finish of the
coating is of the order of 250-370 AA.

FIG. 6 shows the coating after it has been peened
using the 1.8 mm steel shot at an I of 0.45-0.49N. It is
seen that there has been mechanical closure of many of
the defects and the surface 36a of the coating has been
significantly smoothed, to a finish of about 60-80 AA.

FIG. 7 shows the coating after heat treatment at
1065°~1093° C. for 4 hours. During the heat treating
process, the coating has been somewhat further denisi-
fied, and there has been diffusion and netallurgical con-
solidation at the former defect regions. Measurements
show a density of about 7.14 gm/cc, or 99% of theoreti-
cal. The desirable improved surface finish produced by
peening has been preserved. The denser coating has
superior mechanical properties and functional perfor-
mance, as is well known. The smoother surface finish
provides an aerodynamically superior gas turbine air-
foil, and offers improvements in other applications.

By contrast, a coating peened using GB20 to the same
intensity would result in a less effective densification, as
described for the PVD coating, and an inferior surface
finish of about 100-150 AA.

In applying the invention to MCrAlY coatings on
nickel alloy turbine airfoils, it is found that chipping at
the trailing edge is no longer the problem it is in glass
bead peening. As disclosed in our related application
Ser. No. 300,718 “Method for Peening Airfoils”, rela-
tively fragile titanium alloy compressor blades suffer
peening damage unless they are only oscillated about
their long axes, and not rotated, in the shot stream.
Impacts directly on the edges must be avoided.

Turbine airfoils are made of stronger nickel alloys
and tend to have heavier edges. Also, the presence of
the coating on the piece tends to increase the effective
edge thickness. Despite these factors, chipping of coat-
ings has been a problem when using glass bead peening.
Mechanical masks have been used to protect the edges.
When the uniform steel shot of the present invention
was applied to the peening of coatings, it was unexpect-
edly found that chipping was not a problem, even when
the shot was impacted directly on the airfoil edge, as
when the airfoil is rotated in the shot stream.
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Initially, we used the oscillation techniques, and these
are suitable in certain instances. However, we soon
discovered that chipping was not a problem, and even
when the airfoil was rotated in the shot stream, despite
the direct impacts on the edge. Why this is so is not fully
understood at the present time. The phenomenon lends
the invention substantial merit; since uniform stressing
can be obtained all over the airfoil, including the trailing
edge, improved components result. By way of example,
FIG. 8 shows in cross section a portion 40 of the trailing
edge of a turbine blade. Overlaid thereon is a PVD
MCrALY coating 42 which has been glass bead peening
according to the prior art. Inasmuch as mechanical
masking was used at the trailing edge, and there was no
peening, it is seen that there are defects 45 at the edge 44
of the coating. If masking had not been used, the coating
would have been missing, due to chipping.

In contrast, FIG. 9 shows the analogous trailing edge
part 40z of another coated airfoil which was processed
using the techniques of the invention described for the
PVD coating above. It is seen that the number of
defects in the region 44a is substantially less than was
heretofore possible.

FIG. 10 shows the general correlation with surface
finish and intensity, I, which is obtained when finishing
titanium alloy surfaces. It is adapted from a Figure in
the referenced application Ser. No. 300,725 “Method
for Simultaneous Peening and Smoothing”. As can be
seen the larger shot provides a better finish, and as I is
increased for a certain size shot, the finish decreases.
Therefore, these relations indicate the preferable use of
the larger shot. Accordingly, the shot size should be of
a diameter of 1 mm or greater, preferably between 1-2.5
mm, and more preferably between 1.5-2 mm. As indi-
cated in the copending applications, for any particular
nominal diameter, the shot should be uniform within
+0.05 mm. The 1 mm and 2.5 mm shot we used to
produce the data presented herein was about half the
foregoing tolerance, while the larger 1.8 mm shot was
at the tolerance. Ready calculation shows that the fore-
going size tolerances are reflected in mass variations of
6-18 percent, depending on the shot size. In gravity
accelerated peening uniform velocities of within about
3-4 percent are attained, and these are consistent with
the mass tolerances, since the impact energy is depen-
dent on both the square of the velocity and the mass.
When the mass and velocity squared parameters are
treated statistically, it is seen that the shot in our inven-
tion will have energies within about 25 percent of a
mean. Considering the variations in the prior art shot
and in the velocities provided by the normal means of
shot acceleration, the foregoing tolerance will be appre-
ciated as uniform, by comparison.

Such uniformity in shot peening energies allows the
imparting of the maxmimum peening intensity to the
workpiece, and the simultaneous attainment of good
finishes, in an economic time. If there were deviant high
energy particles, then wherever they impacted finish
would be worsened; if there were deviant low energy
particles, the requisite compressive stresses would not
be achieved, except over a longer period of time.

FIG. 11 indicates the relationship between I and
height in gravity accelerated peening. To obtain proper
closure of coating defects, as the examples above indi-
cate, it is necessary to exceed certain intensities. The
intensity of peening necessary to seal a coating is depen-
dent on the thickness of the coating. For the character-
istic 0.13 mm thick coating used on gas turbine airfoil,








