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EXECUTIVE SUMMARY

1.0 Introduction

The Flight Training System Program Office and the Air Education Training Command
(AETC) currently use a Type V acrylic dry media blasting (DMB) process for the removal of
coatings from their aircraft. With the introduction of the T-1A and T-6 aircraft, the
manufacturer has recommended a wheatstarch-based DMB process for the T-6, and has
further recommended a one-time use only of the Type V DMB process for the T-1A. These
recommendations could have major impacts on facilities, schedule, operational cost, and
waste disposal for all AETC aircraft. The Program Office and AETC had to determine if
there was a requirement or sufficient technical reason beyond the aircraft manufacturer's
recommendations to change from a Type V DMB process to a wheatstarch-based process
for the T-1A or T-6. : '

2.0  Approach

Southwest Research Institute (SwRI), under the direction of the US Air Force Coatings
Technology Integration Office (CTIO), investigated the effects of an Envirostrip™
wheatstarch process on the same 0.032-inch-thick aluminum substrates that were used to
evaluate Type V and Polymedia-Lite™ DMB processes. The aluminum substrate testing
included tension, constant-amplitude fatigue, and constant-amplitude fatigue crack growth
rate. The test data were analyzed using analysis of variance (ANOVA) techniques wherein
the average mechanical property of the Control (unblasted) specimens was compared to
the average mechanical property of the Blasted specimens. All statistical tests were made
at the ten-percent level of significance. Additional material damage assessment tests
included erosion of cladding after blasting, surface profile/roughness measurements, and
residual stress/peak saturation data development. The Envirostrip™ test results were

compared to test results using Type V and Polymedia-Lite™.
3.0 Results

The tensile test data indicated no degradation of material properties due to stripping with
the Envirostrip™ process. The tensile yield stress and ultimate strength data were very
precise; a difference of 3 ksi (or less than 4%) in the average measured properties resulted
in a statistically significant effect. This difference was within accepted variation due to
experimental error and material variability, and for these reasons may not be of practical
significance. There were no statistically significant differences in the average elongation for
bare and clad 7075-T6 and clad 2024-T3. There was a statistically significant increase in
the elongation for bare 2024-T3, but the difference was only 1%. This was also within
accepted test variation and may not be of practical significance.

The majority of statistical results for fatigue crack growth rates indicated differences
between the Control and Blasted groups. However, the variability in the 7075-T6 and 2024-
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T3 materials were generally below the average of the ASTM guidelines on reproducibility,
and it was difficult to distinguish any differences in crack growth between Control and

Blasted data sets.

The damage assessment test results were: (1) Test specimens blasted with Envirostrip™
reached saturated stress levels after seven blast cycles. The Almen arc height was
approximately 0.0058 inch. In contrast, specimens blasted with Polymedia-Lite™ reached
saturation after four blast cycles at an arc height of 0.0050 inch, although the number rose
slightly to 0.0057 inch after the seventh blast cycle. Specimens blasted with Type V
reached saturation after four blast cycles at an arc height of 0.0080 inch. (2) Experimental
data indicated that Envirostrip™ did not change the surface roughness of bare 7075-T6 or
bare 2024-T3. The roughness on clad 2024-T3 was approximately 70uin after four blast
cycles, which was comparable to earlier results with Polymedia-Lite™. Tests on clad 7075-
T6 yielded similar results, with the roughness after four blast cycles reaching 80pin.

There was no statistically significant difference in the average fatigue lives from Control to
Blasted specimens for bare 7075-T6. There were, however, statistically significant
decreases in fatigue lives for clad 7075-T6, and for bare and clad 2024-T3. Unlike the
tensile test results, the debits in the fatigue lives were significant from both statistical and
engineering points of view. The substantial decreases in fatigue lives prompted further
investigations to explore why the debits were observed for the Envirostrip process. These
investigations indicated that the fatigue life behavior of blasted surfaces could be
understood in terms of the competing effects of beneficial compressive surface residual
stresses and harmful surface roughness. The Envirostrip™ blasting process had the most
shallow (least beneficial) compressive residual stresses than either Type V or Polymedia-
Lite™, and the shallow residual stresses may have been more susceptible to stress
relaxation during fatigue cycling. The Envirostrip™ process exhibited higher and more
damaging levels of surface roughness than Polymedia-Lite™, but were significantly less
than the roughness levels resulting from Type V. No definitive conclusions could be
reached about the factors affecting fatigue performance of dry media blasted aluminum
alloys, but the available information supported the hypothesis that fatigue performance was
influenced by the beneficial effects of compressive residual stresses and the deleterious
effects of surface roughness.

4.0 Conclusions/Recommendations

In conclusion, statistical analyses of the tensile and FCGR test results for the Envirostrip
process indicated degradation for some material properties; however, the differences were
within practical test variation due to experimental error and material variability. Statistical
analyses of the fatigue test results indicated degradation for fatigue lives; but the
concomitant effects of residual stresses and surface roughness may have influenced the
fatigue behavior. These material property test results alone may not be sufficient evidence
to change the current AETC DMB process.

Further work would be required to confirm or deny the fatigue life hypothesis, or, if desired,
to develop a more fundamental understanding of the problem. No Almen strip
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deflection/residual stress tests were conducted with either clad 2024-T3 material or bare or
clad 7075-T6, and these would be useful to characterize the residual stresses in the clad
layer. It could be particularly interesting to evaluate the residual stresses before and after
fatigue cycling, perhaps with Aimen strip tests, to make some assessment of the residual
stress relaxation due to cycling. A more systematic treatment of the problem could also be
performed comparing the residual stresses and the fatigue performance of clad material in
the as-blasted condition with blasted material that has been stress relieved (to remove
residual stresses) or electropolished (to remove surface roughness). Related to this is the
potential impact of the sanding, priming, and repainting operation on the surface roughness
of blasted material, and hence on the fatigue performance. Finally, just as shot-peening
parameters can be adjusted to optimize the depth and magnitude of the beneficial residual
stresses while minimizing surface damage, it may be possible to optimize the blasting
parameters in such a way as to improve their post-blast fatigue performance.

ix
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1. INTRODUCTION

The Flight Training System Program Office and the Air Education Training Command
(AETC) currently use a Type V acrylic dry media blasting (DMB) process for the removal of
coatings from their aircraft. With the introduction of the T-1A and T-6 aircraft, the
manufacturer has recommended a wheatstarch-based DMB process for the T-6, and has
further recommended a one-time use only of Type V for the T-1A. These recommendations
could have major impacts on facilities, schedule, operational cost, and waste disposal for all
AETC aircraft. The Program Office and AETC had to determine if there was a requirement
or sufficient technical reason beyond the aircraft manufacturer's recommendations to
change from a Type V DMB process to a wheatstarch-based process for the T-1A or T-6.

Type V can quickly remove paint from a substrate, but it may induce undesirable stress
states on the surface of an aluminum panel (as measured by Almen arc heights).[1]
Envirostrip™ may not induce as severe a residual stress state, but it generally has a slower
coating removal rate and tends to be hygroscopic. Polymedia-Lite™ was introduced to
address the disadvantages of Type V and Envirostrip™ and was shown to have strip rates
similar to Type V and affect the aluminum surface similar to Envirostrip™.[2]

However, a thorough evaluation of the effects of Envirostrip™ on thin-skinned aluminum
substrates had not been conducted. Southwest Research Institute (SwRI), under the
direction of the US Air Force Coatings Technology Integration Office (CTIO), investigated
the effects of an Envirostrip™ DMB process on the same 0.032-inch-thick aluminum
substrates that were used to evaluate Type V and Polymedia-Lite™ DMB processes. The
aluminum substrate testing included tension, constant-amplitude fatigue, and constant-
amplitude fatigue crack growth rate. Additional material damage assessment tests included
erosion of cladding after blasting, surface profile/roughness measurements, and residual
stress/peak saturation data development. The Envirostrip™ test results were compared to

test results using Type V and Polymedia-Lite™.

2. TEST PROCEDURES AND SPECIMEN

2.1 Test Procedures

The test matrix for the 0.032-inch-thick aluminum alloys is shown in Table 2.1. The tensile,
fatigue, and fatigue crack growth rate (FCGR) properties were determined. Replicate
baseline and blasted specimens were evaluated for each test method for a total of 192
tests. It is noted that throughout this report, the generic term “blasted,” when used by itself,
refers to dry media blasting with either Type V, Polymedia-Lite™, or Envirostrip™,
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Table 2.1 Listing of Aluminum Sheet Materials and Assigned I.D. Code Letters
Number and Type of Tests
Lhélftg(r)igia Test Material antrol Specimens Blasted Specimens
Tension | Fatigue | FCGR Tension Fatigue FCGR
K 7075-T6 Bare 4 10 10 4 10 10
L 7075-T6 Clad 4 10 10 4 10 10
M 2024-T3 Bare 4 10 10 4 10 10
N 2024-T3 Clad 4 10 10 4 10 10
Totals 16 40 40 16 40 40

2.2

A listing of the 0.032-inch-thick aluminum sheet materials and their identification code
The materials were procured in 4 X 12-foot sheets and
sheared into 16 X 24-inch test panels by the aluminum supplier. The test panel codes

letters is shown in Table 2.1.

consisted of an XX-X format where:

First X: Material ID Code (per Table 2.1)
Second X: Letter Code, C = Control or B = Blasted
Panel Number

Dash X:

Test Panel and Test Specimen Identification System

The test specimen layout, including several spare coupons, and identification system for
each specimen is shown in Figures 2.1 through 2.5. All specimens were excised from the
sheet where the specimen’s lengthwise orientation was parallel with the rolling direction of
each material. The test identification system consisted of an XXXX-X format where:

First X: Media Type, W = Envirostrip™
Second X:  Material ID Code (per Table 2.1)
Third X: Condition Code B=Blasted
(Code missing from control specimens)
Fourth X: Letter Code, D =da/dN (fatigue crack growth rate)
F = fatigue

. T =tension

Dash X: Specimen Number

2
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2.3 Specimen Dimensions and Test Procedures

2.3.1 Tensile Test Specimens

Tension tests were performed in ambient laboratory air per ASTM Standard B557. The test
specimen geometry is shown in Figure 2.6. Four tests from each Control and Blasted panel
were conducted for a total of 32 tests. The properties that were determined included yield
stress (0.2% offset), ultimate tensile strength, and percent elongation.

2.3.2 Fatigue Test Specimens

Constant-amplitude fatigue tests were performed in ambient laboratory air per ASTM
Standard E466. All tests were performed at a stress ratio R of 0.1 and a frequency of
10 Hz. After machining, and prior to testing, the radii and reduced section edges of the test
specimens were polished with 600-grit paper to remove nicks, scratches, and other
machining marks. The specimens were inspected with a zoom-stereomicroscope (7X to
30X) to insure the quality of the polishing operations.

The test fixtures used clamping grips that provided forward or backward adjustment of the
test specimen for alignment purposes. Threaded bolts drilled through the center to
accommodate an alignment pin that also passed through the grip end of the test specimen
accomplished this. The bolts were rounded on the internal ends and engaged grip platens
machined with matching spherical seats. This feature also promoted even gripping of the
test specimen. Additional clamping force was achieved by tightening four through-the-grip
bolts. The alignment was checked with specimens prepared with two sets of back-to-back
strain gages mounted on each side of the specimen’s test section.

Following the alignment procedures, the initial fatigue tests were performed on Control
specimens to experimentally determine the stress range that produced total specimen
failure after approximately 100,000 sinusoidal load cycles at an R of 0.1. The established
stress range was then applied to at least ten specimens taken from the designated Control
and Blasted panels. All the fatigue specimens were tested utilizing the identical testing
system and established procedures.

A drawing of the test specimen geometry is shown in Figure 2.7.

2.3.3 Fatigue Crack Growth Rate Test

Constant-amplitude FCGR tests were performed in ambient laboratory air per ASTM E647.
The tests were conducted at an R of 0.1 and a frequency of 10 Hz. The center crack test
specimens were machined in accordance with the drawing shown in Figure 2.8. Two MTS
closed-loop servo-hydraulic testing systems were utilized for the tests. The test systems
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were calibrated using standards traceable to the National Institute of Standards and
Technology. Alignment was verified on each test frame prior to starting the fatigue testing.

The crack measurements were made using the indirect DC potential drop technique
developed by Hartrun Corporation. The technique incorporated Krak-Gages that were thin,
brittle, metallic foils bonded to an equally brittle, non-conducting backing, and were similar
to a conventional strain-gage. The Krak-Gages were bonded to a test specimen surface
and simultaneously cracked along with the cracking in the test coupon. With application of
a constant gage current, an increase in crack length increased the resistance of the gage
resulting in an increase in the gage output voltage. The gages were designed to provide a
linear relationship between crack length and output voltage. Excitation, conditioning, and
calibration of the gages were accomplished with Model No. 1288 Fractomat amplifiers. The
tests were controlled and data was acquired using Fracture Technology Associates
software.

The testing of the 0.032-inch thick sheets of material required Part No. B30 Krak-Gages be
mounted on only one side of the test specimen. Two gages, one on each side of the
centerline, were used. Gages on Blasted specimens were mounted on the non-Blasted
side. Control and Blasted specimens were prepared and tested utilizing the automated
system described.

Ten tests were planned for Control and Blasted panels taken from each test media. The
test data covered a stress intensity range (AK) from approximately 6.4 to 16 ksi-V inch .
This provided an overlap at each end of the data to be analyzed; that is, the analysis
included AK values ranging from 7 to 15 ksi-/inch . Visual crack measurements were
included during each test to verify the automatically determined crack lengths. These
measurements were made, as a minimum, at the beginning of the test (following
precracking). SwRI's experience with the Krak-Gage/Fractomat System has shown crack
length measurement accuracy well within the validity requirements of ASTM E647. Test
results that did not meet all the validity requirements of ASTM E647 were discarded and a
retest was initiated.

The test data were reported in a tabular format that included crack length, cycles, da/dN,
AK, and all other information pertinent to ASTM E647. Plots of da/dN versus AK were
provided along with summary plots that compare data from each group of tests.

2.4  Envirostrip™ Blasting Parameters

A study of Envirostrip™ performance characteristics by the media vendor demonstrated a
coating removal rate of 0.75 square feet/minute on clad aluminum at a nozzle pressure of
40 psi, a stand-off distance of 3 inches, and a traverse velocity of the nozzle across the
panel at 1.8 inches/second. A coating removal rate of 0.83 square feet/minute was
achieved on bare aluminum using the same pressure and stand-off distance, but at a faster
traverse velocity of 2.0 inches/second. The letter specifying these parameters from CAE
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Electronics Ltd. to the CTIO is given in Appendix A. In accordance with this letter, SwRI
used the following stripping parameters:

Nozzle Diameter: 0.5inch
Nozzle Pressure: 40 psi
Stand-Off Distance: 3 inches
Angle of Attack: 45 degrees
Media Flow Rate: 12 Ib/min

The test panels were placed on a stand in front of an X-Y positioner. The nozzle was
attached to the X-Y positioner and oriented at 45 degrees to the panel face. A
1.8 inch/second traverse velocity was used on the clad aluminum substrates and a
2.0 inch/second velocity was used on the bare aluminum. Since the panels were not
painted, SWRI was unable to verify either the 0.75 or 0.83 square feet/minute strip rates.

The test panels were not prepared in any way; the panels were neither etched nor sanded
in preparation for painting, nor were they painted. The media was applied to the
as-received panels. This represented a worst-case condition to have the panels completely
unprepared.

2.5 Statistical Analysis of Test Data

The test data were analyzed to determine if any statistically significant change in
mechanical properties existed when comparing results from Control specimens to those
obtained from Blasted specimens. Test data were analyzed using classical analyses of
variance (ANOVA) techniques wherein the average mechanical property of the Control
specimens was compared to the average mechanical property of the Blasted specimens.
All statistical tests were made at the 10% level of significance.

ANOVA results were tabulated, and graphical plots of 90% confidence intervals about the
average response for the Control and Blast cycles were generated.
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3. TENSILE TEST RESULTS

The tensile tests measured the ultimate strength, the peak elongation, and the 0.2% offset
yield stress of the Control and Blasted specimens. Tabulated results for the bare and clad
7075-T6 are given in Table 3.1 and 3.2, respectively, and the results for the bare and clad
2024-T3 are given in Table 3.3 and 3.4, respectively. A summary of the descriptive
statistics for the tensile test results is shown in Table 3.5, and the statistical comparison of
the Control and Blasted specimens is given in Table 3.6. There was a statistically
significant decrease in both the yield and ultimate stress for all materials. In addition, there
was a statistically significant increase in the peak elongation of bare 2024-T3.

Figure 3.1 shows the scatter of the yield stress for Control and Blasted for bare 7075-T8,
the means of each group, and the 90% confidence intervals about the mean computed from
the ANOVA for each group. Similar plots of the yield stress for clad 7075-T6, bare 2024-T3,
and clad 2024-T3 are given in Figures 3.2, 3.3, and 3.4, respectively. The confidence
intervals demonstrate the range of yield stress at which the average of a set of data of the
Control and Blasted groups would fall. If there are common ranges of yield stress wherein
the two confidence intervals overlap, i.e., the average yield stresses are equal, one would
conclude that there is no statistically significant difference in the average yield stresses
across the two groups at the 10% level of significance. Therefore, in Figure 3.1, the
confidence intervals do not overlap, and there is a statistically significant decrease in the
average yield stress from Control to Blasted for bare 7075-T6.

Figures 3.5 through 3.8 show the scatter, means, and 90% confidence intervals about the
mean for the ultimate tensile strength for the four aluminum alloys. One can easily observe
that the confidence intervals do not overlap, and that there is a statistically significant
decrease in the average ultimate strengths from Control to Blasted for all of the alloys.
Figures 3.9 through 3.12 show the scatter, means and 90% confidence intervals for the
percent elongation. In this case, the confidence intervals do overlap for bare and clad
7075-T6 and the clad 2024-T3. One can state that there is not a statistically significant
difference in the average percent elongation across these Control and Blasted groups. For
bare 2024-T3, there is a statistically significant increase in the elongation between the
Control and Blasted groups.

It is tempting to state that, based on these statistical results, Envirostrip™ causes a
significant decrease in the yield and ultimate stresses of 7075-T6 and 2024-T3 alloys.
However, such a statement may be erroneous because these statistically significant results
do not necessarily agree with a practical perspective of the data. From Table 3.5, it is seen
that the differences in the means of the Control and Blasted yield stresses are, at most, 3
ksi or less than 4%, which is within practical variation due to experimental error or material
variability. It is also noted that the coefficients of variation are less than 3%. This is
testimony to the precision of the data and the ability to replicate the yield stress
measurements over the four observations. The small variability in the data was such that
even a 3-ksi difference in the means became statistically significant at a 10% level of
significance. This same argument is valid for the statistically significant decrease in ultimate
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stress; the difference between the Control and Blasted averages was no greater than 2 ksi
and the coefficients of variation are 0.6% or less. Table 3.6 provides an engineering
summary to reflect that the variation in the test results was within experimental error and
material variability.

It is noted that similar statements were made about tensile test results after blasting with
Polymedia-Lite™ [2]. The differences in average yield and ultimate strengths in that study
were only 1 ksi and the coefficients of variation were less than 0.5%. The ANOVA results in
Reference 2 identified both statistically significant increases and decreases between the
averages, depending upon which material group one was concerned with. No trend was
present in that data.

In summary, although there were statistically significant decreases in tensile yield strength

and ultimate strength, the differences between Control and Blasted averages were within
the variability of the test.
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Table 3.1 Tensile Test Results for Bare 7075-T6

Tensile Test Results for Bare 7075-T6
CONTROLS:
Specimen Width Thickness Area Peak Load | Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (in) (sq in) (Ib) (psi) (%) (psi)
KCT-1 0.497 0.032 0.016 1347 85.23 13.10 82.62
KCT-2 0.502 0.032 0.016 1372 85.93 12.65 78.69
KCT-3 0.502 0.032 0.016 1363 85.39 11.35 77.94
KCT-4 0.499 0.032 0.016 1350 85.10 12.20 78.01
Average 85.41 12.33 79.31
Std Dev 0.37 0.75 2.23
FOURTH CYCLE:
Specimen Width Thickness Area Peak Load | Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (i) (sq in) (Ib) (psi) (%) (psi)
WKBT-1 0.499 0.032 0.016 1338 83.81 12.35 75.90
WKBT-2 0.498 0.032 0.016 1334 83.72 12.80 75.92
WKBT-3 0.501 0.032 0.016 1335 83.22 12.75 75.89
WKBT-4 0.499 0.032 0.016 1338 83.86 12.30 76.53
Average 83.65 12.55 76.06
Std Dev 0.29 0.26 0.31
Table 3.2 Tensile Test Results for Clad 7075-T6
Tensile Test Results for Clad 7075-T6
CONTROLS:
Specimen Width Thickness Area Peak Load | Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (in) (sqin) (Ib) (psi) (%) (psi)
LCT-1 0.483 0.032 0.015 1208 77.69 14.20 70.17
LCT-2 0.480 0.032 0.015 1208 78.38 13.05 70.24
LCT-3 0.497 0.032 0.016 1249 78.562 14.00 68.02
LCT-4 0.478 0.032 0.015 1205 78.52 14.55 70.29
Average 78.28 13.95 69.68
Std Dev 0.40 0.64 1.11
FOURTH CYCLE:
Specimen Width Thickness Area Peak Load Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (in) (sq in) (ib) (psi) (%) (psi)
WLBT-1 0.499 0.032 0.0160 1227 76.36 14.45 68.12
WLBT-2 0.499 0.032 0.0160 1225 76.43 13.45 67.92
WLBT-3 0.501 0.032 0.0160 1233 76.45 13.20 68.12
WLBT-4 0.500 0.032 0.0160 1229 76.26 13.65 67.95
Average 76.38 13.69 68.03
Std Dev 0.09 0.54 0.11
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Table 3.3 Tensile Test Results for Bare 2024-T3

Tensile Test Results for Bare 2023-T3

CONTROLS:
Specimen Width Thickness Area Peak Load | Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (in) (sqin) (Ib) (psi) (%) (psi)
MCT-1 0.480 0.032 0.015 1115 72.83 16.50 53.67
MCT-2 0.483 0.032 0.015 1122 72.81 17.40 53.93
MCT-3 0.480 0.032 0.015 1117 72.96 17.20 53.89
MCT-4 0.490 0.032 0.016 1132 72.73 16.60 54.26
Average 72.83 16.93 53.94
Std DeV] 0.10 0.44 0.24
FOURTH CYCLE:
Specimen Width Thickness Area Peak Load | Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) (in) (sq in) (Ib) (psi) (%) (psi)
WMBT-1 0.501 0.032 0.016 1154 71.82 17.45 52.53
WMBT-2 0.501 0.032 0.016 1159 72.25 18.60 52.87
WMBT-3 0.497 0.032 0.016 1150 72.28 18.25 52.62
WMBT-4 0.492 0.032 0.016 1139 72.39 17.95 52.66
Average 72.19 18.06 52.67
Std Dev 0.25 0.49 0.14
Table 3.4 Tensile Test Results for Clad 2024-T3
Tensile Test Results for Clad 2023-T3
CONTROLS:
Specimen Width Thickness Area Peak Load Ultimate Peak Offset Yield
Number Strength Elongation Stress
(in) {in) (sqin) (Ib) (psi) (%) (psi)
NCT-1 0.486 0.032 0.016 1045 67.38 [1] 50.04
NCT-2 0.497 0.032 0.016 1063 67.02 16.80 50.97
NCT-3 0.499 0.032 0.016 1069 66.76 17.65 50.38
NCT-4 0.501 0.032 0.016 1066 66.49 15.65 50.52
Average 66.91 16.70 50.48
Std Dev| 0.38 1.00 0.39
Comment:] 1. Specimen failed outside of gage section.
FOURTH CYCLE:
Specimen Width Thickness Area Peak Load Ultimate Peak Offset Yield
Number Strength Elongation Stress
{in) (in) (sq in) (Ib) (psi) (%) (psi)
WNBT-1 0.500 0.032 0.016 1055 65.61 15.95 49.00
WNBT-2 0.499 0.032 0.016 1058 65.93 17.70 48.93
WNBT-3 0.501 0.032 0.016 1064 65.96 17.40 48.90
WNBT-4 0.500 0.032 0.016 1066 66.21 16.70 48.79
Average 65.93 16.94 48.91
Std Dev 0.25 0.78 0.09
13
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Table 3.5 Summary of Descriptive Statistics for Tensile Tests for Envirostrip™

Control Specimens Blasted Specimens
Yield Stress Ultimate Elongation Yield Stress Ultimate Elongation
Material 0.2% Offset Strength 0.2% Offset Strength
Avg | COV | Ayg | COV | Avg | COV | Avg [ COV | Avg | COV | Avg | COV
(ksi) (%) | (ksi) | (%) | (ksi) | (%) | (ksi) | (%) (ksi) (%) | (ksi) | (%)
7075-T6 7932 | 28 |8541| 04 |1233| 6.1 |76.06| 04 | 8365 | 0.3 |1255| 21
Bare ,
7075-T6Clad | 6968 | 1.6 (7828 05 |[13.95| 46 |68.03| 02 | 7638 | 0.1 |1369| 39
2024-T3 5394 | 04 | 7283 | 01 |1693| 26 |5267| 03 | 7219 | 0.3 |18.06 | 2.7
Bare
2024-T3Clad | 5048 | 0.8 6691 06 [16.70| 6.0 (4891 | 0.2 | 6593 | 04 |16.94| 46
Table 3.6 Tensile Test Engineering Summary for Envirostrip™
Statistical Significance Engineering Summary
Material
Yield Ultimate . . Ultimate .
Stress Strength Elongation | Yield Stress Strength Elongation
7075-T6
Bare sl sl NS NPS NPS NS
7075-T6 ;
Clad si sl NS NPS NPS NS
2024-T3
Bare sd sl sT NPS NPS NPS
2024-T13
Clad sd sl NS NPS NPS NS

S T = Statistically significant increase in the average response from Control to Envirostrip™
specimens at the 10% level of significance.

S | = Statistically significant decrease in the average response from Control to Envirostrip™
specimens at the 10% level of significance.

NS = No statistically significant difference in averages at a 10% level of significance.

NPS = Statistically significant difference in the average response, but not practically
significant, because difference was within test and material variability.
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Means and 90% Confidence Intervals
7075-T6 Bare
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Figure 3.1 Scatter, Mean, and 90 Percent Confidence Intervals
of Offset Yield Stress for Bare 7075-T6
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Figure 3.2 Scatter, Mean, and 90 Percent Confidence Intervals
of Offset Yield Stress for Clad 7075-T6
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Means and 90% Confidence Intervals
2024-T3 Bare
Tensile Tests: Offset Yield Stress (ksi)
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Figure 3.3 Scatter, Mean, and 90 Percent Confidence Intervals

of Offset Yield Stress for Bare 2024-T3
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Means and 90% Confidence Intervals
2024-T3 Clad .
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Figure 3.4 Scatter, Mean, and 90 Percent Confidence Intervals

of Offset Yield Stress for Clad 2024-T3
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Means and 90% Confidence Intervals
7075-T6 Bare
Tensile Tests: Ultimate Strength (ksi)
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Figure 3.5 Scatter, Mean, and 90 Percent Confidence Intervals
of Ultimate Strength for Bare 7075-T6
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Means and 90% Confidence Intervals
7075-T6 Clad
Tensile Tests: Ultimate Strength (ksi)
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Figure 3.6 Scatter, Mean, and 90 Percent Confidence Intervals
of Ultimate Strength for Clad 7075-T6
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Ultimate Strength (ksi)

Means and 90% Confidence Intervals
2024-T3 Bare
Tensile Tests: Ultimate Strength (ksi)
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Figure 3.7 Scatter, Mean, and 90 Percent Confidence Intervals
of Ultimate Strength for Bare 2024-T3
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Means and 90% Confidence Intervals

2024-T3 Clad
Tensile Tests: Ultimate Strength (ksi)
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Figure 3.8 Scatter, Mean, and 90 Percent Confidence Intervals
of Ultimate Strength for Clad 2024-T3
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Means and 90% Confidence Intervals
7075-T6 Bare
Tensile Tests: Peak Elongation (%)
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Figure 3.9 Scatter, Mean, and 90 Percent Confidence Intervals
of Peak Elongation for Bare 7075-T6
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Peak Elongation (%)

Means and 90% Confidence Intervals
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Figure 3.10 Scatter, Mean, and 90 Percent Confidence Intervals
of Peak Elongation for Clad 7075-T6
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Peak Elongation (%)
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Figure 3.11 Scatter, Mean, and 90 Percent Confidence Intervals
of Peak Elongation for Bare 2024-T3
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Peak Elongation (%)
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Figure 3.12 Scatter, Mean, and 90 Percent Confidence intervals
of Peak Elongation for Clad 2024-T3
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4. FATIGUE TEST RESULTS

The fatigue test results for bare and clad 7075-T6 are tabulated in Tables 4.1 and 4.2,
respectively. The results for bare and clad 2024-T3 are given in Tables 4.3 and 4.4,
respectively. The tables provide all pertinent test information such as test specimen
number, temperature, relative humidity, specimen dimensions, maximum stress, and total
cycles to failure. The comment section includes information with regard to crack initiation
sites. The location of the crack initiation is either on the surface, edge, or corner of the
blasted or unblasted side of the test specimen. The distance from the fracture to the mid-
length of the specimen is also included. Distances greater than 2 inches were outside of
the test section and were considered invalid.

A statistical summary of the data is given in Table 4.5. There was no statistically significant
difference in the average fatigue lives from Control to Blasted specimens for bare 7075-T6.
There were, however, statistically significant decreases in fatigue lives for clad 7075-T6,
and for bare and clad 2024-T3. Figure 4.1 shows the scatter of the cycles to failure for
Control and Blasted tests for bare 7075-T6, the means of each group, and the 90%
confidence intervals about the mean computed from the ANOVA for each group. The
confidence intervals for bare 7075-T6 overlap, and one can state that there is not a
statistically significant difference in the average fatigue lives from Control and Blasted for
bare 7075-T6. Similar plots for clad 7075-T6, bare 2024-T3, and clad 2024-T3 are given in
Figures 4.2, 4.3, and 4.4, respectively. The confidence intervals do not overlap, and one
can state that there are statistically significant decreases in the average fatigue lives from
Control and Blasted for these three materials.

Unlike the tensile test results in Section 3.0, the debits in the fatigue lives of clad 7075-T6
and bare and clad 2024-T3 are significant from both statistical and engineering points of
view. Examining the coefficients of variation (COV) for each group in Tables 4.1 — 4.4, it is
seen that the scatter in the Control and Blasted groups for clad 7075-T6 and bare and clad
2024-T3 are small in comparison to the scatter for bare 7075-T6. The COV’s are evidence
of the reproducibility of the experimental results over the ten test samples within each
group. (The larger scatter in the bare 7075-T6 groups may have contributed to lack of
statistical significance between the data sets.) The substantial decreases in fatigue lives
prompted further investigations to explore why the debits were observed for the Envirostrip
process. Brief, exploratory investigations, which are described in Appendix B, led to
formulations of simple hypotheses for the observed behavior. Historical fatigue life data
from Type V and Polymedia-Lite™, surface roughness, and residual stress measurements
(described in Section 6.0) were considered in the formulation of the hypotheses.

To summarize for completeness the results of Appendix B, the fatigue life behavior of
blasted surfaces can be understood in terms of the competing effects of beneficial
compressive surface residual stresses and harmful surface roughness. The Envirostrip™
blasting process had the most shallow (least beneficial) compressive residual stresses than
either Type V or Polymedia-Lite™, and the shallow residual stresses may have been more
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susceptible to stress relaxation during fatigue cycling. In comparison to Polymedia-Lite™
and Type V, the Envirostrip™ process exhibited higher and more damaging levels of
surface roughness than Polymedia-Lite™, but were significantly less than the roughness
levels resulting from Type V. (The increased surface roughness resulting from Type V was
apparently offset by the substantially deeper levels of compressive residual stress, resulting
in no statistically significant loss in fatigue lives.) No definitive conclusions could be
reached about the factors that affected fatigue performance of dry media blasted aluminum
alloys, but the available information supported the hypothesis that fatigue performance was
influenced by the beneficial effects of compressive residual stresses and the deleterious
effects of surface roughness.
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Table 4.1 Fatigue Test Results for Bare 7075-T6
Fatigue Test Results for Bare 7075-T6

Controls:
Specimen . . Max Cycles to
Number | 1emp | RH | Width | 