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Abstract Recent research results indicate that eddy current
conductivity measurements can be exploited for nondestructive evaluation of subsurface residual stresses in surfacetreated nickel-base superalloy components. According to
this approach, first the depth-dependent electric conductivity
profile is calculated from the measured frequency-dependent
apparent eddy current conductivity spectrum. Then, the
residual stress depth profile is calculated from the conductivity profile based on the piezoresistivity coefficient of the
material, which is determined separately from calibration
measurements using known external applied stresses. This
paper presents new results that indicate that in some popular
nickel-base superalloys the relationship between the electric
conductivity profile and the sought residual stress profile is
more tenuous than previously thought. It is shown that in
delta-processed IN718 the relationship is very sensitive to
the state of precipitation hardening and, if left uncorrected,
could render the eddy current technique unsuitable for residual stress profiling in components of 36 HRC or harder, i.e.,
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in most critical engine applications. The presented experimental results show that the observed dramatic change in the
eddy current response of hardened IN718 to surface treatment is caused by very fine nanometer-scale features of the
microstructure, such as γ  and γ  precipitates, rather than
micrometer-scale features, such as changing grain size or δ
phase and carbide precipitates.
Keywords Eddy current · Conductivity spectroscopy ·
Surface-treatment · Residual stress

1 Introduction
Surface enhancement methods, such as shot peening (SP),
laser shock peening (LSP), and low-plasticity burnishing
(LPB), significantly improve the fatigue resistance and foreign object damage tolerance of metallic components by
introducing beneficial near-surface compressive residual
stresses. Moreover, the surface is slightly strengthened and
hardened by the cold-working process. By far the most common way to produce protective surface layers of compressive residual stress is shot peening, though it is probably also
the worst technique from the point of view of damaging cold
work which substantially decreases the thermo-mechanical
stability of the microstructure at elevated operating temperatures and leads to accelerated relaxation of the beneficial
residual stresses [1]. Although LSP and LPB produce significantly deeper compressive residual stress than SP, their
main advantage over SP is that they produce much less cold
work on the order of 5–15% equivalent plastic strain.
Nondestructive residual stress assessment in surfaceenhanced engine components is important because there is
mounting evidence that it is not possible to reliably and accurately predict the remaining service life of such compo-
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nents without properly accounting for the presence of nearsurface compressive residual stresses [2]. Unfortunately,
both the absolute level and spatial distribution of the residual stress are rather uncertain partly because the stress is
highly susceptible to variations in the manufacturing process
and partly because subsequently it tends to undergo thermomechanical relaxation at operating temperatures. The only
currently available practical NDE method for residual stress
assessment is based on X-ray diffraction (XRD) measurement that is limited to an extremely thin, less than 20 μm
deep, surface layer [3]. Because of this limitation, XRD
residual stress profiling necessitates the repeated removal
of thin surface layers by electro-polishing, therefore the
method is inherently destructive. When such layer removal
is performed, the measured stress needs to be corrected for
the stress relaxation and redistribution that occurs during
layer removal [4].

2 Eddy Current Conductivity Spectroscopy
Because of the above discussed limitations, the NDE community has been looking for alternatives to characterize
residual stress profiles in surface-treated engine components
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for many years and eddy current conductivity spectroscopy
emerged as one of the leading candidates [5–27]. Eddy current residual stress profiling is based on the piezoresistivity
of the material, i.e., on the characteristic dependence of the
electric conductivity on stress. Figure 1 shows a schematic
representation of physics-based eddy current residual stress
profiling in surface-treated components. In order to remove
the influence of the measurement system (coil size, shape,
etc.) the actually measured complex electric impedance of
the probe coil is first transformed into a so-called apparent eddy current conductivity (AECC) parameter. At a given
inspection frequency, the AECC is defined as the electric
conductivity of an equivalent homogeneous, non-magnetic,
smooth, and flat specimen placed at a properly chosen distance from the coil that would produce the same complex
electric coil impedance as the inhomogeneous specimen under study [15]. Near-surface residual stress assessment is
based on the relative difference in electric conductivity between the compressed regions just below the surface and the
intact material deep below the surface, where it is not affected by surface treatment. Accordingly, the apparent eddy
current conductivity difference AECC at each frequency
is normalized to the AECC measured at the lowest available
inspection frequencies.

Fig. 1 A schematic representation of physics-based eddy current residual stress profiling in surface-treated components (the principal path is
highlighted)
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If spurious material (e.g., magnetic permeability) and
geometric (e.g., surface roughness) variations can be neglected, the frequency-dependent AECC can be inverted for
the depth-dependent electric conductivity profile (this principal path is highlighted in Fig. 1). Then, using the known
piezoresistivity of the material, the sought residual stress
profile can be calculated. Unfortunately, besides the sought
near-surface residual stress, the measured complex electric coil impedance, and therefore also the inferred AECC,
is also affected by the presence of cold work and surface
roughness. The electric conductivity variation due to residual stress is usually weak (≈1%) and rather difficult to separate from these accompanying spurious effects. In certain
materials, such as austenitic stainless steels, cold work might
also cause significant magnetic permeability variation which
affects the measured coil impedance. Fortunately, nickelbase superalloys do not exhibit such ferromagnetic transition from their paramagnetic state [19]. In addition, because
of their significant hardness, shot-peened nickel-base superalloy components exhibit only rather limited surface roughness (≈2–3 μm rms), therefore the influence of geometrical irregularities is also limited. Still, as the inspection frequency increases the eddy current loop becomes squeezed
closer to the rough surface, which creates a more tortuous,
therefore longer, path and might lead to a perceivable drop
of AECC above 30–40 MHz [28–30].
In order to translate the measured frequency-dependent
AECC into a depth-dependent electric conductivity profile
in a nonmagnetic medium, first a simplistic inversion technique was developed [16], which was recently followed by
the development of a highly convergent iterative inversion
technique [21]. Both techniques indicated that at any given
frequency the measured AECC corresponds roughly to the
actual electric conductivity at half of the standard penetration depth assuming that (i) the electric conductivity variation is limited to a shallow surface region of depth much
less than the probe coil diameter, (ii) the relative change in
electric conductivity is less than a few percents, and (iii) the
electric conductivity depth profile is continuous and fairly
smooth. Alternatively, best fitting of the measured electric
coil impedance with the known analytical solution can be
used assuming that the conductivity profile can be characterized by a small number of independent parameters [24].
Finally, the sought residual stress profile is calculated from
the electric conductivity profile based on the piezoresistivity
coefficient of the material, which is determined separately
from material calibration measurements using known external applied stresses [17].
The main limitation of residual stress profiling by eddy
current conductivity spectroscopy is that the feasibility of
this technique seems to be limited to nickel-base superalloys, though some beneficial information on increasing
hardness could be also obtained by this technique on titanium and aluminum alloys. Unfortunately, even in the
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case of nickel-base superalloys, there exist some serious
limitations that adversely influence the applicability of the
eddy current method. First, forged nickel-base superalloys often exhibit significant conductivity inhomogeneity
that could interfere with subsurface residual stress characterization [18]. Second, these materials are susceptible
to cold-work-induced microstructural changes that cause a
conductivity increase similar or even larger than the primary conductivity increase caused by compressive residual
stresses [19]. Third, the electrical conductivity in nickelbase superalloys is rather low (≈1.5% IACS) therefore the
standard penetration depth is relatively high at a given inspection frequency (≈180 μm at 10 MHz). Therefore, we
cannot fully reconstruct the critical near-surface part of the
residual stress profile in moderately peened components using only typical inspection frequencies below 10 MHz. In
such cases, special high-frequency inspection techniques
are needed to extend the frequency range up to 50–80 MHz,
i.e., beyond the range of commercially available instruments
[22–26].
To illustrate the advantages of high-frequency conductivity spectroscopy, Fig. 2 shows the cold work (a) and residual stress (b) profiles obtained by destructive XRD measurements in shot-peened IN100 specimens of Almen 4A,
8A, and 12A peening intensities. For comparison purposes,
Fig. 2(b) also shows the residual stress profiles reconstructed
from the measured AECC spectra. Except for a sharperthan-expected near-surface “hook” observed in the Almen
8A specimen, which is most probably caused by imperfect
lift-off rejection above 25 MHz, the general agreement between the AECC and XRD data is very good. In the first
step, the depth-dependent electric conductivity change was
calculated using the previously described iterative inversion
procedure [21]. Then, the sought depth profile of the residual stress was estimated by neglecting cold work and surface
roughness effects. In order to get the good overall agreement illustrated in Fig. 2(b), we had to use a corrected value
of the electroelastic coefficient κ ip = −1.06, which is 33%
lower than the independently measured average value for
IN100. The exact reason for the need for this “empirical”
correction is currently not known, but it is likely connected
to the issue of precipitation hardening discussed later in
this paper and will require further investigation. However,
it should be pointed out that this underestimation of the
residual stress level by the inverted AECC relative to the
destructive XRD results does not seem to be physically related to the experimentally observed overestimation in Waspaloy and IN718 alloys due to increasing electric conductivity caused by microstructural changes under extensive cold
work [19]. Since a single correction factor was sufficient to
bring all the AECC and XRD results into good agreement
with each other for all three peening intensities in spite of
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Fig. 2 XRD profiles of near-surface cold work (a) and residual
stress (b) compared to the inverted eddy current residual stress profile
in shot peened IN100 specimens of Almen 4A, 8A and 12A peening
intensity levels

their very different levels of cold work, the cause of this apparent underestimation by the AECC method is most probably the intrinsic variation of the electroelastic coefficient
with microstructure.
Previous experimental observations indicated that the
sensitivity of eddy current conductivity spectroscopy is
fairly low, but still sufficient for residual stress profiling in
certain surface-treated engine alloys. However, the electrical
conductivity and its stress-dependence are rather sensitive
to microstructural variations, therefore the selectivity of this
method leaves much to be desired. Recent research revealed
a series of situations where anomalous stress-dependence
and relaxation behavior were observed [25, 26]. This is not
surprising at all in the case of an inherently indirect nondestructive method and should not lead to abandoning the
eddy current approach, especially since no better alternative is known at this point. A recent paper by the authors
reviewed four previously unreported experimental observations of anomalous materials behavior and proposed further
research efforts to better understand the underlying physical
mechanisms and to mitigate the adverse influence of these
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Fig. 3 Typical AECC spectra measured in (a) annealed IN718,
(b) precipitation-hardened IN718, and (c) Ti-6Al-4V specimens
shot-peened to different intensities

phenomena on eddy current residual stress profiling [25].
The most important case of apparently anomalous behavior was observed in precipitation-hardened IN718 material
that is very different from those of the commercial versions
reported in the literature [15, 18–24].
Figure 3 shows typical AECC spectra measured in (a) annealed IN718, (b) precipitation-hardened IN718, and (c) Ti6Al-4V specimens shot-peened to different intensities. Annealed IN718 shown in Fig. 3(a) exhibits the classical behavior of materials with negative electroelastic coefficient,
i.e., the AECC change caused by compressive subsurface
stresses is positive and increases with peening intensity as
well as with inspection frequency. It has been shown that in
such soft (HRC 24) materials the AECC change monotonically decreases with thermal relaxation [15]. In contrast,
precipitation-hardened IN718 shown in Fig. 3(b) exhibits
opposite behavior with apparently positive electroelastic coefficient, i.e., the measured AECC change is negative and
increases with peening intensity as well as with inspection
frequency [25, 26], therefore it is similar to the behavior observed in Ti-6Al-4V shown in Fig. 3(c), which is dominated
by cold work effects [31].
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One obvious indication of the different microstructure of annealed and precipitation-hardened IN718 is that
the electric conductivity is perceivably lower in the annealed material (≈1.5% IACS) than in the hardened one
(≈1.63% IACS). It could be expected that the electroelastic coefficient also changes, at least slightly, with hardness. Unfortunately, the specimens used in this study did
not have the bar-shape geometry that would have allowed
us to measure their electroelastic coefficients by the standard method developed for this purpose [17]. Therefore, we
had to rely on electroelastic coefficient measurements on
similarly processed and hardened IN718 specimens from
an earlier study and it is left for a follow-up study to establish whether the electroelastic coefficient exhibits a perceivable dependence on precipitation hardening. Our earlier quasi-static materials calibration measurements showed
that the unitless normalized electroelastic coefficient of the
fully hardened (HRC 46) material is about κ ip = −1.14, i.e.,
also negative, though its magnitude is roughly 30% smaller
than that of the corresponding value (κ ip = −1.57) found
in annealed IN718 [25]. In other words, the precipitationhardened material exhibits a markedly different behavior
from the annealed version. The same behavior was reported
by Hillman et al. who also discovered that in the hardened
alloy thermal relaxation produces an increase rather than
decrease in the magnitude of the AECC change [26].
Hillman et al. suggested that “macroscopic” features of
the microstructure, such as reduced grain size and increased
concentration of coarse (≈1-μm-diameter) carbide particles,
might be responsible for the observed differences in eddy
current behavior between different states of microstructures
created by very different thermal processing [26]. The main
goal of our current research effort was to verify whether
this is indeed the case or the higher electric conductivity
and, most importantly, the negative AECC spectrum in
Table 1 Heat treatment
procedures and Rockwell C
hardness levels of twelve
fine-grain IN718 specimens
used in our tests

ID

surface-treated components are actually due to much more
subtle “microscopic” features of the microstructure, e.g., the
changing volume fraction of very fine γ  and γ  precipitates
that are far too small (≈10-nm-diameter) to observe on lowmagnification micrographs.

3 Influence of Precipitation Hardening
In order to further investigate the influence of precipitation hardening on eddy current residual stress profiling
in surface-treated nickel alloys, a series of fine-grain δprocessed IN718 specimens were provided by Honeywell
Engines of Phoenix, Arizona. δ-processing of IN718 uses an
intentional δ phase precipitation cycle and subsequent thermomechanical processing to produce uniform fine grain distribution [32, 33]. Table 1 lists the thermal treatment times
and resulting hardness levels of twelve specimens used in
our tests. First, all twelve specimens were solution annealed
at 982◦ C for 30 minutes and then air fan cooled to room
temperature. Then specimens #3 through #10 were partially
aged by heating the specimens to 704◦ C and holding them
for the listed treatment time before air fan cooling to room
temperature. Samples #11 and #12 were exposed to the full
two-step aging thermal cycle (704◦ C—8 hrs, 649◦ F—8 hrs).
At each treatment time two specimens were produced, therefore there were only six different treatment levels with the
small random difference between two specimens of the same
treatment level indicating the repeatability of the treatment.
After heat treatment, all twelve specimens were machined
into 25.4 mm × 25.4 mm × 12.5 mm rectangular blocks and
then shot peened to Almen 4A intensity on one side and to
Almen 6A intensity on the other side.
Figure 4 shows the optical images of the δ-processed microstructure in IN718 specimens that represent the six different hardness levels achieved by the six different treatment

Solution anneal

Aging

Post aging

at 982◦ C

at 704◦ C

at 649◦ C

HRC

#1

30 minutes

none

none

#2

30 minutes

none

none

26.5

#3

30 minutes

0.1 minutes

0 hours

31.0

#4

30 minutes

0.1 minutes

0 hours

33.8

#5

30 minutes

6 minutes

0 hours

31.9

#6

30 minutes

6 minutes

0 hours

33.8

#7

30 minutes

24 minutes

0 hours

35.9

24.9

#8

30 minutes

24 minutes

0 hours

35.7

#9

30 minutes

2 hours

0 hours

39.0

#10

30 minutes

2 hours

0 hours

39.3

#11

30 minutes

8 hours

8 hours

45.5

#12

30 minutes

8 hours

8 hours

45.3
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Fig. 4 Optical images of the
microstructure in δ-processed
IN718 specimens of various
hardness levels. The average
grain size is approximately
10 μm while the average δ
phase and carbide precipitate
size is 1–2 μm

times listed in Table 1. Most of the visible particles are δ precipitates rather than carbides which are concentrated at the
grain boundaries. The average grain size remained constant
at approximately 10 μm in all specimens. Similarly, the average δ precipitate and carbide particle size also remained
constant at around 1–2 μm and their number density did not
change perceivably either. Therefore, we can conclude that
any change in hardness and eddy current response exhibited by these specimens must be due mainly to more subtle changes in the density and size of fine precipitates that
are not visible on these low-magnification micrographs. It is
known that strengthening of IN718 is mainly caused by γ 
precipitates and, to a much lesser degree, by γ  precipitates
(γ  precipitates are disk-shaped Ni3 Nb particles with bodycentered tetragonal (bct) structure while γ  precipitates are
spherical Ni3 (Al, Ti) particles of cubic structure).
Figure 5 shows superlattice dark-field TEM images of the
microstructure in IN718 specimens of various hardness levels. These images were produced by combining the (001)
and (011) γ  diffraction peaks, therefore the bright specks
are very fine γ  precipitates that play crucial roles in both
hardening the material and controlling its electric properties. Figure 5 illustrates that thermal aging causes coarsen-

ing of the γ  precipitates. The coarsening of γ  precipitates
follows the Lifshitz–Slyozov–Wagner (LSW) time-law [34,
35] according to which the average volume of γ  precipitates grows linearly with aging time
L3 − L30 ≈ K  (T )t,

(1)

where L is the mean-diameter of the disk-shaped γ  precipitates, L0 is the initial diameter before thermal aging, t is
the aging time, and K  is an empirical constant determined
by the aging temperature T (a similar relationship exists for
γ  precipitates as well). At 704◦ C, the range of K  values in
the literature is 0.08–0.3 nm3 /s for mean-diameters between
10 and 50 nm [36–38].
The intrinsic and extrinsic factors that affect the electrical conductivity of nickel-base alloys are likely to be complex and depend on the nature of both the γ matrix (composition, presence of short-range order, etc.) and γ  and
γ  precipitates (size, volume fraction) as well as on how
each constituent is affected by cold work. In general, solute
atoms in solid solution decrease the electric conductivity
by reducing the strict periodicity of the lattice and thereby
increasing electron scattering, as does cold working to a
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Fig. 5 Superlattice dark-field
TEM images of the
microstructure in IN718
specimens of various hardness
levels

smaller extent by producing an increasing density of defects (dislocations, vacancies, etc.). On the other hand, precipitation of ordered phases generally increases conductivity by decreasing the solute concentration and hence scattering from the solid solution matrix in which they form.
Our current study is limited to establishing the crucial role
of γ  precipitate coarsening in the eddy current response
of precipitation-hardened IN718 nickel-base superalloy. The
underlying physical mechanisms responsible for this behavior will have to be the subject of future investigations.
Figure 6 shows the XRD residual stress and cold work
profiles of six IN718 specimens listed in Table 1 after shot
peening. According to Figs. 6(a) and 6(b), the average peak
(compressive) stress at the surface was −1270 MPa and
−1324 MPa for the six surfaces of Almen 4A and Almen 6A
peening intensity, respectively. A more significant change
can be observed by comparing the half-peak depth of the
compressed surface layers, which increased from ≈0.05 mm
at Almen 4A intensity to ≈0.076 mm at Almen 6A intensity. More importantly, the residual stress profiles do not
exhibit any perceivable trend with increasing hardness, i.e.,
within experimental uncertainties, they are all the same re-

gardless of the level of hardening. A similar conclusion can
be drawn by comparing the XRD cold-work profiles shown
in Figs. 6(b) and 6(d). For simplicity, the figures show the
width of the observed XRD peak, which is directly related
to the equivalent plastic strain in the material. As expected,
the average peak widening, therefore also the average cold
work, is somewhat higher at the higher peening intensity
level, but, even in this un-calibrated form, the XRD data
clearly indicates that the changing hardness level did not
significantly affect the cold work profiles. In summary, the
presented metallographic and XRD results suggest that any
change in the AECC spectra of these shot-peened specimens
with increasing hardness must be mainly due to the strong
influence of very fine γ  precipitates on how the eddy current conductivity spectrum of the material responds to shot
peening.
Figure 7 shows the bulk AECC versus Rockwell C hardness in the twelve shot-peened IN718 specimens listed in
Table 1. The error bars represent the estimated ±1% uncertainty of the absolute AECC measurement and the solid lines
are quadratic regressions. Since we did not have a chance to
measure the electric conductivity of the intact specimens be-
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Fig. 6 XRD residual stress and
cold work profiles of
shot-peened IN718 specimens
of various hardness levels

Fig. 7 Bulk AECC versus Rockwell C hardness in shot-peened IN718
specimens

fore shot peening, we defined the intact “bulk” AECC as the
average AECC measured between 0.6 and 1.1 MHz, a frequency range that corresponds to a depth range of roughly
0.26–0.36 mm. As expected, this bulk parameter is very susceptible to precipitation hardening, but not affected at all
by surface treatment. A quick comparison with the residual
stress and cold work profiles shown in Fig. 6 verifies that
at such depths the effects of shot peening are completely
negligible. An additional proof of this fact is provided by
Fig. 7 which shows that the bulk electric conductivity is essentially the same at both peening intensities regardless of

the hardness level. As the hardness increases, the electric
conductivity first drops from ≈1.56% IACS at HRC 25 to
≈1.54% IACS at HRC 32, then increases to ≈1.67% IACS
at HRC 46. It is important to point out that over the hardness
range of practical interest for engine applications (above
HRC 40) the electric conductivity is a monotonic, therefore
invertible, function of hardness, which could be exploited
later to correct for the spurious influence of hardness on our
eddy current results.
Figure 8 shows the apparent eddy current conductivity
change AECC spectra in twelve shot-peened specimens
of Almen 4A and 6A intensity. At around HRC 39 the “classical” positive AECC changes sign, while above HRC 43
the negative AECC is small but measurable. The continuous transformation of the regular positive AECC spectrum
into an irregular negative AECC spectrum as the hardness
increases indicates the increasing role of spurious cold work
effects over the principal residual stress effect. The gradual transformation of the AECC spectrum of shot-peened
IN718 clearly indicates a close correlation with the gradual
growth of γ  precipitates, although at this point the contribution of other subtle changes, such as short-range ordering
in the γ matrix, cannot be excluded either. Undoubtedly, this
indirect influence of hardness on the eddy current response
of surface-treated nickel alloys presents a formidable problem for physics-based residual stress profiling, but does not
exclude the feasibility of a simpler empirical method since
the bulk conductivity of the material can be exploited for
correction purposes as a measure of precipitation hardening.
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Fig. 8 Apparent eddy current
conductivity change (AECC)
spectra in twelve shot-peened
specimens of Almen 4A and 6A
intensity

4 Conclusions
The potential of thermal relaxation in shot-peened engine
components at elevated operational temperatures necessitates repeated checks of the remaining residual stress levels during periodic maintenance. Since existing inspection
methods either cannot be applied to subsurface residual
stress assessment or are destructive in nature, new nondestructive characterization methods are being sought to replace or supplement them. Eddy current conductivity spectroscopy has emerged as one of the leading candidates for
nondestructive residual stress profiling in surface-treated
metals. This is an experimental method that will require further research before it can be applied in field inspection.
Currently, its feasibility for quality monitoring during manufacturing and assessing subsequent relaxation during service has been demonstrated only for certain nickel-base superalloys. The main limitation of residual stress profiling by
eddy current conductivity spectroscopy is that, although the
method is sensitive enough to weak elastic strains to be practically useful, it is not sufficiently selective to them. Because

of these limitations, eddy current conductivity spectroscopy
cannot be expected to replace XRD residual stress measurements. However, because of its relative simplicity and nondestructive nature, it might supplement the more accurate
but destructive XRD technique.
This paper presented new experimental results that indicate that in some popular nickel-base superalloys the relationship between the electric conductivity depth profile and
the sought residual stress profile is more tenuous than previously thought. It was shown that in IN718 the relationship
is very sensitive to the state of precipitation hardening and,
if left uncorrected, could render this technique unsuitable
for eddy current residual stress profiling in components of
36 HRC or harder, i.e., in most critical engine applications.
The presented experimental results suggest that the observed
dramatic change in the eddy current response of the material
to surface treatment in hardened IN718 is probably caused
by very fine nanometer-scale γ  and, to a much less degree, γ  precipitates rather than micrometer-scale features,
such as changing grain size and δ phase and carbide precipitates. This study was limited to establishing the crucial role

152

of γ  precipitate coarsening in eddy current characterization
of surface-treated precipitation-hardened IN718 nickel-base
superalloys. The underlying physical mechanisms responsible for this behavior will have to be further investigated in
the future.
Finally, it should be stated that, in theory, differences
in processing of IN718 might be important for the questions under investigation because the δ and γ  phases have
the same chemical composition, therefore precipitation of
δ phase consumes some of the Nb that is available for the
formation of γ  precipitates during hardening by thermal
aging. Although our present study used exclusively deltaprocessed IN718, a preliminary study [26] conducted at the
Fraunhofer Institute in Germany showed that a very similar
switch in the sign of the apparent eddy current conductivity
change (AECC) caused by shot peening with increasing
hardness also occurs in regularly processed IN718. A similar systematic study on regular IN718 is currently underway
in collaboration with UES and AFRL RXLP and the results
of that study will be reported in the near future.
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