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1. INTRODUCTION

One of the major drivers in maintenance costs of United States Air Force (USAF)
systems is associated with the continual paint/de-painting operations that all aircraft
undergo over their useful life. Besides the obvious labor costs associated with removing
the existing coating systems and the lost time while the aircraft is inoperable, the
environmental costs involved with the disposal of the various toxic materials from de-
painting operations are a major factor. In recent years the USAF has invested heavily in
developing technologies that effectively remove the tough coating systems with minimal
environmental waste. An example of one such technology is laser depainting [1-3] which
has shown to be an effective means for removing a variety of organic-based coating
systems with minimal hazardous waste. However, such technologies are only effective if
they are proven to have no deleterious effect on the thin metallic and polymeric structures
common to all aircraft.

To address these concerns, a program was undertaken to evaluate both currently
used methods such as chemical strippers, plastic media blast (PMB), and hand sanding
methods along with the newer de-painting technologies based on laser technology, to
develop testing protocols and a valid database for commonly used thin aerospace
materials such as aluminum and composite sheet materials, as well as honeycomb
structures. This report is intended to serve as a repository for such data for use in future
depainting evaluations.



2. TEST MATERIALS AND PROCEDURES

2.1 MATERIALS

Several sheets of 0.025 inch thick aluminum, 2024-T3 clad and bare, and 7075-T6
bare, were provided by the Concurrent Technologies Corporation (CTC) as both baseline
(uncoated) and stripped panels.

To evaluate the various de-painting technologies, a standard epoxy primer with
polyurethane topcoat (Mil PRF-85285), was applied to all but the baseline aluminum
sheet in a 0.010” nominal coating thickness. Up to four paint/de-paint cycles were
evaluated. Prior to paint, all aluminum sheets underwent a standard chromate conversion
coating, including the baseline samples. Following each coating application, the painted
panels and a number of baseline (non-painted) sheets of each alloy were artificially aged
at 150°F for 7 days. The purpose of subjecting uncoated panels to this bake cycle was to
provide a better comparison of the various depaint procedures, as it was thought that the
bake cycle applied to painted and stripped panels may alone influence mechanical
properties, thereby leading to erroneous conclusions as to the effectiveness of a particular
de-paint technology. To investigate this issue, similar baseline panels of each alloy
which were not subjected to the bake cycles were also evaluated to examine the influence
of the artificial aging cycle.

In addition to the aluminum sheets just described, aluminum honeycomb panels in
a nominal ¥2-inch thickness were purchased by CTC from Aviation Equipment Inc, North
Hollywood, CA, and provided for peel and flatwise tension evaluations following the
paint/depaint operations. The intent of these tests was to see if the various depaint
operations caused a debit in the bond (i.e., FM73M-060 film adhesive) between the face
sheet and the 5052 aluminum core. Face sheets for the honeycomb panels were 2024-T3
clad in thicknesses of 0.010, 0.016 and 0.020 inches. Additional details of the
honeycomb panels and configuration can be found in Ref. 4.

Finally, a limited number composite panels of Gr-Ep that underwent
paint/depainting procedures to remove a organic-based specialty coating were furnished
for comparison to previous data reported on baseline materials (Ref. 5). Two panel
configurations were furnished: a 16-ply, quasi-isotropic lay-up [(0/0/45/-45/0/45/-45/0)]
for flexural testing; and a 4-ply, 0/90 lay-up for in-plane shear testing.

The depaint technologies evaluated in this effort were chemical, laser, plastic-
media blast (PMB), and hand sanding. The chemical stripper evaluated was identified as
Plane Naked®, an environmentally-friendly chemical stripper free of methylene chloride
and other toxic materials and approved for USAF applications. Chemical stripping was
performed by trained technicians from Tinker AFB (566 Aircraft Maintenance Group)
following procedures outlined in T.O. 1-1-8, Section 2.7.

Laser stripping was performed using a 6kW, continuous wave CO, robotic laser
installed at the Oklahoma City Air Logistics Center (OC-ALC) at Tinker AFB, OK. The



PMB used in this effort was Type V and performed by technicians from Tinker AFB (309
Aircraft Maintenance Group) following T.0. 1-1-8, Section 2.11.3.

Finally, panels were hand sanded by maintenance technicians at CTC, Johnstown,
PA, using random orbital sanders with 240 grit sandpaper. Procedures outlined in T.O. 1-
1-8, Section 2.10.4 were followed.

2.2 SPECIMENS

The tensile specimen geometry used in this evaluation for the aluminum sheet is
shown in Figure 1, while smooth and notched (Kt=2.8) fatigue specimen configurations
are illustrated in Figures 2 and 3, respectively. All test specimens were machined and
tested in the longitudinal orientation of each furnished sheet.

To evaluate potential debits in peel strength between the face ply and core,
climbing drum peel testing was performed on the specimen configuration illustrated in
Figure 4. Similarly, flatwise tension specimens, 2 x 2 inches, were machined from each
honeycomb material to assess bond strength between the facings and the aluminum core.

In-plane shear specimens, 1 inch wide by approximately 8 inches long, were
machined from the 4-ply Gr-Ep panels that underwent depainting. Samples were
oriented 45° to the 0° fiber direction as required for shear property determination. Flex
specimens, 0.50 inches wide by 12 inches long, were machined from the 16-ply panels
and oriented in the 0° fiber direction.

Figure 1. Tensile Specimen Geometry



Figure 2. Smooth Fatigue Specimen Geometry (Kt=1.0)

Figure 3. Notched Fatigue Specimen Geometry (Kt=2.8)



Figure 4. Climbing Drum Peel Specimen Geometry

2.3 PROCEDURES

Tensile testing was performed in an Instron 4505 universal test machine following
guidelines outlined in ASTM E-8 Tension Testing of Metallic Materials [6]. All testing
was done under displacement control at a rate of 0.1 inches/min. up to specimen failure.
Specimen strain was obtained during test via an Instron 2-inch GL extensometer.
Ductility, as measured as specimen elongation at failure, was measured after test using
the fit-back method as described in the standard. A minimum of five tests were
conducted per de-paint procedure per test panel for statistical comparisons.

Both smooth and notched fatigue testing was accomplished using an MTS servo-
hydraulic test machine under lab air conditions following ASTM E466 Conducting Force
Controlled Constant Amplitude Axial Fatigue Tests of Metallic Materials [7]. MTS
model 647 wedge grips were used to grip the samples using a maximum grip pressure of
500 psi. Testing was performed under a sinusoidal load control mode at 30 Hz up to a
maximum cycle count of 10,000,000. Alignment accuracy was verified at less than 4%
prior to testing. The machined edges of all fatigue specimens were polished
longitudinally via 600 grit polishing paper prior to testing to remove measurement and
machining marks. No surface polishing was performed on either of the specimen
surfaces (stripped or as-received) which might compromise the stripped finished surface
and thus ensuing fatigue results. Initial testing of the 7075-T6 sheet samples resulted in
occasional failures in the grip region, thereby invalidating fatigue results. Consequently
it was necessary to adhesively bond polymeric tabs onto all the 7075 samples to eliminate
grip failures.



Climbing drum peel testing on aluminum honeycomb panels was performed in an
Instron 4505 universal test machine following ASTM 1781 Climbing Drum Peel for
Adhesives [8]. As stated in the standard, this procedure is used to determine comparative
measurements of adhesion between the skin sheet and honeycomb core and is particularly
sensitive to surface preparation. The reasoning for this particular test was to determine of
any of the depaint processes caused a debit in adhesion between said adherents. Peeling
loads were digitally recorded during test to determine the average peel load, which in turn
was used to calculate the average peel torque (in-1bf/in).

Flatwise tension testing was performed in an Instron 4505 test machine following
procedures outlined in ASTM C297 Flatwise Tensile Strength of Sandwich Constructions
[9]. Specimens were adhesively bonded to aluminum loading blocks using Hysol
EA9359.3a, 2-part epoxy adhesive and cured at room temperature for 48 hours prior to
testing. Aluminum loading blocks were prepared for adhesive bonding using a solvent
degrease, grit-blast with 50 um Al,O3 and treated using AC-130 sol-gel. Following each
test, the failure modes were recorded and the sample remnants removed from the loading
blocks by placing the failed samples in an oven at 400°C (752°F) for 48 hours. The
loading blocks were then cleaned off with acetone and grit blasted for subsequent
bonding. This process was repeated for flatwise tension samples representing each de-
paint process.

In-plane shear testing was performed on the 4-ply Gr-Ep samples using an Instron
4507 universal test machine following guidelines in ASTM D3518 Standard Test Method
for In-Plane Shear Response of Polymer Matrix Composite Materials by Tensile Test of a
+45°Laminate [10]. Biaxial strain gages (Micro-Measurement # CEA-00-125UT-350)
were bonded to the non-stripped side for measurement of shear modulus. Testing was
performed under displacement control at a rate on 0.05 in/min.

Finally, 4-point flex testing on samples removed from the 16-ply, quasi-isotropic
Gr-Ep panels using guidelines established in ASTM D6274 Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating Materials by Four-Point
Bending [11]. A span-to-depth ratio of 32:1 was employed for all tests, with the stripped
side in compression. An Epsilon deflectometer was centered on the samples’ mid-point
in order to measure specimen deflection. Testing was performed under displacement
control at a rate of approximately 1.0 in/min.



3. RESULTS AND DISCUSSION

3.1 ALUMINUM SHEET
3.1.1 Tensile

A summary of tensile results for baseline and stripped samples from both the
2024-T3 and 7075-T6 sheets is provided in Table 1. Individual sample results are
furnished in Appendix A. In Table 1 the average strength properties that are statistically
different than the unstripped baked results at a 90% confidence level are noted with a
“v"” immediately next to the property of concern. Note that for the 2024 clad material, a
single clad sheet panel was evaluated following 4 cycles of laser stripping only. As there
was no baseline developed for clad 2024, no statistical comparison can be made
following the laser depainting operation for this material and condition.

In addition to the tabulated summary, values of average yield strength (YS) and
ultimate tensile strength (UTS) with error bars are illustrated in Figures 5 and 6 for the
2024-T3 YS and UTS, and Figures 7 and 8 for the 7075-T6 YS and UTS, respectively.
Also presented in each plot is a line representing the appropriate MMPDS Handbook [12]
value in terms of “A-allowables.” Excluding the 2024 clad results, the plots in Figures 5
and 6 for the 2024-T3 material point out the highest average YS and UTS were achieved
for the chemical 4 cycle group, with the lowest average strengths for the hand sanded
group. Average Y'S and UTS results for the 2024 CO, and baked groups were identical,
while the 4 cycle chemical and PMB results slightly higher that baseline (baked). The
influence of the 4 bake cycles is seen as a slight decrease in average YS following the
bake cycles, with little change noted in UTS following baking. A statistical decrease in
both YS and UTS are seen following both the single chemical strip and the hand sanding
operation. Finally, comparisons between the average results for the clad 2024 CO; group
and the MMPDS “A allowables” for 2024 clad show that the average strength properties
following CO; stripping to be well in excess of the design allowables.

Examination of the 7075 results in Table 1 and Figures 7 and 8 show little
difference is strength properties for any of the stripped groups relative to the baked
results. Average YS and UTS values were again generally highest for the chemical (4
cycle) group, with the single chemical strip group slightly lowest amongst the stripped
results and virtually the same as the baked group. For the 7075 results, the effect of the
four bake cycles is seen as causing a slight but statistical ‘real’ increase in both YS and
UTS properties. Finally, all properties for all sample groups far exceeded the MMPDS
“A-allowable” values listed for similar sheet material.



Table 1. Average Tensile Properties for Aluminum Sheet Following Various Depaint Operations

Panel # of YS UTS Elong.
Alloy ID Condition Events (ksi) (ksi) (%)

2024-T3 AI-2b-BlA_82ELINE- baseline, no bake 0 53.1 71.4 16.4%
2024-T3 Al-2b-BAKE-4, -5 baseline, baked 4 52.7 715 17.0%
2024-T3 Al-2b-STD-5, -6 CO; laser 4 52.7 715 16.9%
20§I4a- JB’ Al-2¢-STD-5 (clad) CO;, laser, clad 4 49.0 v 65.7 v | 16.3% v
2024-T3 Al-2b-CHEM-2 chemical (1 cycle) 1 525V 713V 17.1%
2024-T3 Al-2b-CHEM-5 chemical (4 cycles) 4 53.9 72.8 16.8%
2024-T3 Al-2b-PMB-4, -5 PMB 4 53.4 72.4 17.2%
2024-T3 Al-2b-SAND-4, -5 hand sand 4 523V 709 v 16.9%
7075-T6 AI'7b'BlA_SZELINE' baseline, no bake 0 75.0 v 84.7v | 13.7%
7075-T6 Al-7b-BAKE-4, -5 baseline, baked 4 75.7 85.0 12.7%
7075-T6 Al-7b-STD-5, -6 CO;, laser 4 76.0 84.9 12.9%
7075-T6 Al-7b-CHEM-2 chemical (1 cycle) 1 75.6 85.0 13.2%
7075-T6 Al-7b-CHEM-5 chemical (4 cycles) 4 77.2 85.4 11.7%
7075-T6 Al-7b-PMB-4, -5 PMB 4 76.7 85.5 13.7%
7075-T6 Al-7b-SAND-4, -5 hand sand 4 76.5 85.2 12.4%

v" — Denotes significant difference (90% CL) from baked data.
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3.1.2 Fatigue

Baseline fatigue testing was first performed on baseline 2024 and 7075 sheet for
both smooth and notched (Kt=2.8) to develop rudimentary S-N curves for each case. The
resulting S-N curves are shown in Figure 9. The results for the 2024-T3 smooth and
notched sample groups show minimal scatter and are in excellent agreement with
published data (Ref. 6 and MMPDS) for the smooth fatigue configuration. On the other
hand, results for the 7075 baseline groups show considerably more scatter, particularly at
the lower stress, longer life conditions. The smooth 7075 fatigue data fall slightly below
reference data from MMPDS throughout the range of stress levels examined.

From these data, two stress levels were chosen for each case to represent short
and long life behavior. Replicate tests (minimum 5 each) were then run at each of the
two stress levels for each depaint technology in order to provide some statistical
comparison of failure life. The results of these replicate tests for 2024-T3 smooth and
notched fatigue are shown in Tables 2 and 3, respectively, and as box plots in Figures 10
and 11. Average smooth fatigue life at the low stress, high cycle condition (e.g., 45 ksi,
max) is greatest for the non-baked baseline group, with the remaining de-paint group
results fairly similar, with the exception of the 4-chemical strip group and the clad laser-
stripped results. Comparisons with the 4-baked group were made at a 90% confidence
level. Those results are illustrated as a “v"” in the tables and figures when the assumption
of equal means is violated (i.e., not from the same population). At the higher stress, lower
life condition, the highest average life was seen with the 1-cycle chemical strip group,
while the lowest average life was seen with the hand-sanded group (excluding the clad
results). Statistical comparisons with the 4-baked results indicate that nearly all groups
were significantly (90% CL) lower for all depaint groups, with the exception of the single
chemical strip group which was the highest. Comparisons between the laser, chemical (4
event), and PMB, however, indicate that these three groups are similar to one another.
Thus no depaint operation resulted in significantly lower properties, exception being the
hand-sanded group which fell below the laser results for this particular test condition.

The 2024 notched fatigue results for the low stress, high cycle condition and
shown both in Table 11 and Figure 11, indicate highest average fatigue life for the laser
stripped group, followed then by the other depaint groups. In fact, the lowest average
fatigue life (excluding the clad group) was the baked group. At the higher stress, low
stress condition, only the 4-cycle chemical-strip and clad laser-stripped groups were
statistically below the baked reference group results. Thus summarizing the 2024 fatigue
results, there was no one group consistently inferior in fatigue performance to the baked,
non-stripped results except for the clad results in all cases. However, for both of the
smooth stress test conditions and one of the two notched conditions, the chemical 4-strip
event group was statistically lower than the reference basked results. Scatter in results
and the small population size (e.g., 5 typical) make more detailed comparisons difficult to
perform.
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Figure 9. Fatigue Data for Baseline 2024-T3
Smooth (a) and Notched (b), and 7075-T6 Smooth (c) and Notched (d) Configurations
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Table 2. Fatigue Results for 2024-T3 (Kt=1.0) Following Various Depaint

Operations
Condition Max Net Averqge Star_lda_lrd Significant
(# Events) Stre_ss Cy_cllc Deviation from Baked
(ksi) Life (Cycles) Group?
Baseline, no bake 45 312,743 80,991 v
Baked (4) 45 192,281 29,302
Laser Stripped(4) 45 166,619 66,596
Chemical (1) 45 184,578 65,180
Chemical (4) 45 145,148 46,176 v
PMB (4) 45 205,528 46,037
Sand (4) 45 217,667 42,155
Clad, Laser (4) 45 96,760 15,735 v
Baseline, no bake 55 40,562 3.866 v
Baked (4) 55 52,628 6,231
Laser Stripped(4) 55 40,305 5,326 v
Chemical (1) 55 57,941 14,558
Chemical (4) 55 39,096 13,349 v
PMB (4) 45 46,832 6,129 v
Sand (4) 45 37,330 19,610 v
Clad, Laser (4) 55 28,790 6,734 v
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Table 3. Fatigue Results for 2024-T3 (Kt=2.8) Following Various Depaint Operations

Condition Max Net Averqge Star_lde}rd Significant
(# Events) Stre_ss Cy_cllc Deviation from Baked
(ksi) Life (Cycles) Group?
Baseline, no bake 22 391,448 389,529 v
Baked (4) 22 176,320 40,490
Laser Stripped(4) 22 1,911,478 2,377,490 v
Chemical (1) 22 366,517 253,795 v
Chemical (4) 22 259,785 129,401
PMB (4) 22 367,535 399,121 v
Sand (4) 22 236,797 58,083
Clad, Laser (4) 22 148,048 9,888 v
Baseline. no bake 30 55.073 7.104
Baked (4) 30 53,395 5,955
Laser Stripped(4) 30 53,460 3,820
Chemical (1) 30 52,717 4,677
Chemical (4) 30 47,800 5,022 v
PMB (4) 30 54,675 6,978
Sand (4) 30 61,109 14,834
Clad, Laser (4) 30 42,375 4,943 v
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Figure 10. Smooth Fatigue Life Data for 2024-T3 Sheet Samples Following Various
Depaint Operations
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Figure 11. Notched Fatigue Life Data for 2024-T3 Sheet Samples Following Various
Depaint Operations
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Results for the 7075 smooth and notched fatigue tests are tabulated in Tables 4
and 5, respectively. Similarly, box plots for the 7075 results are illustrated in Figures 12
and 13 for smooth and notched conditions, respectively, which show the relative ranking,
scatter, and statistical comparisons between the various depaint procedures and the baked
sample groups. From Figure 12, it can be seen that for the smooth (Kt=1.0) test
condition, no statistically significant debit results from any of the depaint operations
except for the chemical, 4 strip group. In fact for the higher stress case (Figure 12b) all
sample groups are statistically higher than the baked group, again, exception with the
exception of the 4 strip chemical group. This more than likely is the result of one or
more low failures in the baked group which reduced the mean life for this group, as
evident with the low scatter band.

For the notched fatigue case (Kt =2.8), scatter in fatigue life for the lower stress
(25ksi, Figure 13a) was very high. At the higher stress, low life condition (Figure 13b),
scatter is greatly reduced. In both cases, no statistical differences are noted in the mean
fatigue life following the laser or single chemical strip event relative to the baked
condition. For the lower stress condition (Figure 13a), a statistical decrease in average
life was also seen following the chemical (4 event), PMB, and hand sanding depaint
operations, though at the higher stress (13b), such debits were not seen.

Individual fatigue data is furnished in the Appendix for both sheet materials and
stress concentration (Kt).
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Table 4. Fatigue Results for 7075-T6 (Kt=1.0) Following Various Depaint Operations

Condition Max Net Averqge Star]da}rd Significant
(# Events) Stre_ss Cy_cllc Deviation from Baked
(ksi) Life (Cycles) Group?
Baseline, no bake 44 93,904 37,053
Baked (4) 44 118,372 75,445
Laser Stripped(4) 44 133,809 71,236
Chemical (1) 44 64,732 12,611
Chemical (4) 44 30,006 9,008 v
PMB (4) 44 110,569 25,809
Sand (4) 44 90,254 15,821
Baseline, no bake 55 36.764 7,604 v
Baked (4) 55 22,776 6,611
Laser Stripped(4) 55 32,421 7,127 v
Chemical (1) 55 31,320 5,062 v
Chemical (4) 55 10,875 3,880 v
PMB (4) 55 41,126 6,152 v
Sand (4) 55 33,470 8,204 v
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Table 5. Fatigue Results for 7075-T6 (Kt=2.8) Following Various Depaint Operations

Condition Max Net Averqge Star]da}rd Significant
(# Events) Stre_ss Cy_cllc Deviation from Baked
(ksi) Life (Cycles) Group?
Baseline, no bake 25 334,363 332,336
Baked (4) 25 1,767,242 3,005,863
Laser Stripped(4) 25 817,032 1,313,903
Chemical (1) 25 1,452,158 2,746,004
Chemical (4) 25 104,014 39,121 v
PMB (4) 25 76,610 18,254 v
Sand (4) 25 61,497 7,793 v
Baseline, no bake 35 15,523 2.383
Baked (4) 35 13,540 2,786
Laser Stripped(4) 35 14,339 1,246
Chemical (1) 35 14,913 1,425
Chemical (4) 35 20,365 5,033 v
PMB (4) 35 15,498 1,876
Sand (4) 35 15,717 3,826
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Figure 12. Smooth Fatigue Life Data for 7075-T6 Sheet Samples Following Various
Depaint Operations

20



10’

10° —
o .
5 -
= .
[ -
= .
3
_‘;, - v
© v
10° — 1
= E .
m s
- 7075-T6 sheet, notched (Kt=2.8
25 ksi max stress, R=0.1, 30 Hz
longitudinal, 5/group min.
\_
V' significantly different from baked

[ [ [ [ [ |
Baseline Baked Laser Cheml1 Chem4 PMB Sand
a. 7075 notched (25 ksi max stress)

1111

1

TE—® " =

Cycles to Failure
=
QU

lllll

1

7075-T6 sheet, notched (Kt=2.8)
n 35 ksi max stress, R=0.1, 30 Hz

longitudinal, 5/group min.

V' significantly different from baked

[ [ [ [ [ [
Baseline Baked Laser Chem1l Chem4 PMB Sand
b. 7075 notched (35 ksi max stress)
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3.2 ALUMINUM HONEYCOMB

The results for tests on aluminum honeycomb materials are described in detail in
Reference 4 and are represented briefly in this section.

3.2.1 Climbing Drum Peel

The results of peel tests performed are summarized in Table 6. Individual results
are available in Ref. 4. All tests resulted in valid cohesive failures between the facings
and honeycomb core. The average peel torque values listed in Table 6 indicate that for
all panel sizes evaluated, the laser de-paint results were equal to or higher than the other
sample groups. Likewise, the hand-sanded group averages were consistently lowest for
all facing thicknesses. Average peel torque was consistently lowest for the 0.02 inch
facing panels for all depaint groups, presumable a result of the larger core size.

In comparing the means at a 90%confidence level the sanded results were
statistically lower than the laser results for all facing thickness, and lower than the baked
condition for the two larger facing thicknesses. Statistical comparisons between the
baseline and baked 0.010 inch results indicated that while the two groups were similar,
the laser results were actually statistically higher than the baked results, indicating a
slight increase in peel resistance following laser stripping for the thinnest facing panels.
Similarly, for the 0.016 inch facing panels, the laser results were statistically higher than
the baked 0.016 inch results. For the 0.020 inch facing group, there is no statistical debit
in peel resistance for the laser-stripped group relative to the baked group, but a notable
decrease for the sanded group relative to the baked results. No attempt is made in this
evaluation to ascertain why the marginal but statistical increase in peel strength occurred
following laser depaint for thinner facing panels (0.010 and 0.016 inch). However, it is
important to note is that there is no debit in peel resistance for any of the honeycomb
panels following four laser depaint operations, and in fact is superior to the hand-sanded
sample group for all facing thicknesses.

Table 6. Average Peel Torque Results for Aluminum Honeycomb Panels
Following Various Depaint Operations

facing core baseline baked laser sanded
thickness (in) | size (in) | (in-lbf/in) | (in-Ibf/in) | (in-Ibf-in) | (in-Ibf/in)
Avg. Peel Torque 0.010 3/16 30.1 29.4 30.2 28.4
std dev 0.9 0.8 1.0 1.7
Avg. Peel Torque 0.016 3/16 29.2 29.1 31.3 26.4
std dev 1.2 1.0 13 0.9
Avg. Peel Torque 0.020 1/4 27.3 27.2 27.3 25.4
std dev 1.2 0.8 1.7 0.9
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3.2.2 Flatwise Tension

The average flatwise tension strength results are shown in Table 7. Individual
flatwise tension results are available in Ref 4. Average strength results show that for
each facing thickness, the highest average results are for the baked condition, with the
baseline and laser stripped results similar to each other and slightly lower than the baked
group. Again, as with the peel results just described, the lowest flatwise strengths for
each de-paint condition were achieved on the 0.020 facing panels and again are believed
attributed to the slightly larger core size.

For the two thin facings, both with the 3/16 inch core, nearly all samples failed
through the middle of the aluminum core and not in the adhesive bond. A photo
illustrating this failure mode is furnished in Figure 14. Results for the laser-stripped
group were similar to or greater than both the baseline and baked results, with average
core strength lowest for the hand sanded group. Since all of the two thinner facing panels
failed through the aluminum honeycomb core, the influence of the depaint operation on
the bondline strength is inconclusive; however the bondline strength in all cases is greater
than the aluminum core strength properties.

The results for the thickest facing material (0.020 inch) show a similar trend of
highest average strength for the baked sample group, with the baseline (no bake) group
being the lowest average. Failure mode for nearly all of the 0.020 inch samples was a
cohesive failure in the bond region between the core and facings. Worth noting is the
failure location (i.e., failure side: stripped or non-stripped skin) which is reported on in
Ref. 4. For laser and hand stripped samples that failed via cohesive failures,
approximately half of them failed on the stripped panel side; the other half failed on the
opposite face (non-stripped panel surface). Statistical comparisons (90% CI) between the
baked and laser groups indicate the mean strength values between these two sample
groups are not equal, thus a statistical difference is noted. However the difference is very
small and coupled with the aforementioned fact that failures occurred evenly on the
stripped and non-stripped panel surfaces, such differences, while statistically real, are
considered by the authors to be inconsequential. The laser group results are statistically
greater than the baseline (non-baked) group, while a statistical difference is noted
between baseline and baked groups, with baked being the highest. Finally, the hand
sanded group results are statistically the same as both the baked and laser groups.
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Table 7. Average Flatwise Tension Results for Aluminum Honeycomb Panels
Following Various Depaint Operations

face thickness core size | baseline | baked laser sanded

(in) (in) (psi) (psi) (psi) (psi)
Avg. Strength 0.010 3/16 1340 1387 1324 1379
std dev 36.4 25.6 39.8 36.4
Avg. Strength 0.016 3/16 1346 1377 1352 1337
std dev 27.1 54.6 40.9 28.4
Avg. Strength 0.020 1/4 1204 1288 1244 1284
std dev 42.4 38.3 50.1 72.7

Figure 14. lllustration of a Core Failure Mode (# CO2MHBLASERO04-FT2)
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3.3 POLYMERIC COMPOSITES

3.3.1 In-Plane Shear

The individual results of in-plane shear tests are presented in Table 8 for non-stripped
baseline (Ref.5) and hand sanded panels of 4-ply Gr-Ep panels. Comparison of the mean
values at a 90% confidence level indicate a statistically significant decrease in the
maximum shear stress and shear modus following the 4 hand sand operations. Also
shown in Table 8 are the 0.2% offset shear strength values which also represent a
statistically significant decrease relative to the baseline non-stripped panels.

Comparison with Ref. 5 data for laser stripped samples also showed that the laser
stripping processed resulted in a significant decrease in in-plane shear strength and
modulus relative to the hand sanding depaint operation, though no significant difference
was noted for the 0.2% offset strength.

Table 8. Individual In-Plane Shear Results for Hand-Sanded 4 ply Gr-Ep Panels

Max
Shear Shear 0.2% Offset
Sample Stress Modulus Shear
Panel # ID Condition (psi) (msi) Stress (psi)
#C-4-1 (Ref. 5) C-4-1 Baseline 13,520 0.769 6,596
C-4-2 Baseline 13,786 0.795 6,770
C-4-3 Baseline 13,536 0.794 6,872
C-4-4 Baseline 13,491 0.802 7,333
C-4-5 Baseline 13,556 0.816 7,069
avg | 13,578 0.795 7,091
st dev 119 0.017 231
ARLCRS-GE-b-SAND-4 S4-1 handsand | 11,314 0.726 5,361
S4-2 hand sand | 11,190 0.696 5,692
S4-3 handsand | 11,652 0.718 a
ARLCRS-GE-b-SAND-5 S5-1 hand sand | 11,264 0.780 5,086
S5-2 hand sand | 11,410 0.675 5,885
avg | 11,366° | 0.719° 5,506 "
st dev 179 0.039 354
Laser stripped (Ref. 5) avg. | 11,011 0.650 5.834
st dev. 166 0.015 347

a — loss of transverse gage output in initial portion of test; no 0.2% offset data recorded.
b — indicates statistically significant difference from baseline results (90% CL)
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3.3.2 Flexure

The results of limited flexure testing on 16-ply, Gr-Ep panels are shown in Table 9.
These data are for a single baseline (Ref. 5) and two hand-sanded panels only. For the
stripped group of samples (except where noted) the stripped side was loaded in
compression. While results show a slight reduction in mean flex properties (strength,
modulus, strain at failure), statistical comparisons at a 90% confidence level indicate no
difference in flexural properties for panels that were hand-stripped. This is in contrast to
the Reference 5 study, where similar Gr-Ep panels were laser depainted (4 times) to
remove a similar low-observable aerospace coating. In that study, a significant decrease
in flexure properties (strength and modulus) resulted from the four laser depaint
operations.

Table 9. Individual Flexure Test Results for Gr-Ep [(0/0/45/-45/0/45/-45/0)s]
Following Hand Sanding

Max. Flexural Flexural

Sample Flexural Modulus Strain

Material ID Condition | Stress (psi) ® (msi) (%) ®
Gr-Ep (Panel #3) C3-1 baseline 389,188 17.24 1.51
C3-6 baseline 382,447 17.93 1.50
C3-3 baseline 299,016 16.55 1.31
C3-4 baseline 318,981 16.53 1.32

C3-5 baseline 319,215 16.57 1.35

avg 341,769 16.96 1.40

st dev 41,107 0.62 0.10

Gr-Ep (Panel #4) F4-1 sanded 278,700° 16.98" 1.18"
F4-2 sanded 369,479 17.41 1.48
F4-3 sanded 362,104 17.66 1.42
Gr-Ep (Panel #5) F5-1 sanded 250,424 16.09 1.29
F5-2 sanded 282,811 15.75 1.32

F5-3 sanded 275,000 16.73 1.30

avg 307,964 16.73 1.36

st dev 54,188 0.82 0.08

Gr-Ep (Ref. 5) S-5-13 laser, avg 221,190 13.51 1.24
st dev 8,331 0.37 0.08

a- max flex strength and stain determined at first measureable load drop
b- stripped side in tension; excluded from averages.
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4. CONCLUSIONS

An evaluation program was conducted to develop and compare certain
mechanical properties of a variety of thin skin aluminum and composite structural
materials following a variety of standard and not-so standard paint removal operations.
Results of tests performed on thin aluminum sheet, aluminum honeycomb, and limited
Gr-Ep panels are outlined in the following.

- For 2024-T3 and 7075-T6 aluminum sheet, nominal 0.025” thick, tensile (UTS)
and yield strength (YS) are generally unaffected by any of the depaint operations
examined. A slight decrease in both YS and UTS were observed for the 2024
samples following 1 chemical strip cycle, relative to the unstripped baked group,
though no decrease was noted for the 4 chemical strip samples. Also, a slight
decrease in YS and UTS was seen following panels that underwent 4 hand
sanding operations.

- Results of smooth and notched fatigue testing on the 2024 sheet samples showed
consistent decrease in fatigue life for the majority of depaint technologies
examined. In three of the four cases (smooth and notched; two stress levels)
fatigue lives were decreased slightly following the chemical stripping. For the
7075 sheet materials, results were similar. Again in three of four test cases,
fatigue life was reduced following chemical stripping. For the other methods, no
consistent decrease in life relative to the basked baseline group was noted.

- Average peel resistance or peel torque was consistent for the majority of depaint
operations examined with the sole exception of the hand sanded group, where a
statistical debit was seen for two of the three facing thicknesses examined.
Average peel torque for laser stripped honeycomb panels were equal to or slightly
higher than the baked or baseline groups for all facing thicknesses.

- Flatwise tension testing on honeycomb panels with 0.010 and 0.016 inch thick
face sheets resulted in failures through the aluminum honeycomb core material;
hence the influence of depaint process on the adhesive bond is inconclusive. For
the thicker 0.020 inch face sheet panels, laser stripped panel results were similar
to baseline panels, but marginally lower than the baked only panels which saw a
slight increase in strength following the four baked cycles. The hand-sanded
panel group was similar to both the baked and laser stripped samples with respect
to flatwise tension properties.

- The results of limited in-plane-shear testing on 4-ply Gr-Ep baseline (non-
stripped) and hand-sanded samples showed a statistical decrease in shear strength
and shear modulus following four sanding operations. Reference data on similar
Gr-Ep materials that were laser stripped reported a similar decrease in shear
properties following four laser depaint operations.
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Limited flexure testing on 16-ply Gr-Ep materials that were hand-sanded saw no
statistical debit in flexure properties (strength or modulus) after four depaint
operations. This is in contrast to previous work for similar laser stripped Gr-Ep
materials, where a debit was realized following four laser depaint operations.

28



5. REFERENCES

1.

10.

11.

12.

Klingenberg, M. L., et al, “Transitioning laser technology to support air force depot
transformation needs,” Surface and Coatings Technology, Volume 202, Issue 1, 15
November 2007.

Ruschau, J., “The Influence of Laser Paint Stripping of Specialty Coatings on the
Mechanical Properties of Metallic Sheet Alloys,” AFRL/MLSC 07-016, January 2007.

Ruschau, J. and Minch, A., “Evaluation of e-Strip™ GPX Dry Media Blast (DMB)
Process for Depainting T-6A Aluminum Skin Materials,” AFRL/MLS 06-056, March 10,
2006.

Ruschau, J., Youngerman, P., and Woleslagle, D., “Influence of Several Depaint
Technologies on the Mechanical Properties of Aluminum Honeycomb Materials,” AFRL
Evaluation Report # AFRL/RXSC 09-045, June 2009.

Kistner, M., “The Effect Upon Mechanical Properties of Laser Stripping Generic
Unclassified Low Observable and Radar Absorbing Material Coatings from Polymer
Matrix Composites,” AFRL Evaluation Report #06-120, December 2006.

Standard Test Methods for Tension Testing of Metallic Materials, ASTM E 8-00, Annual
Book of ASTM Standards.

Standard Practice for Conducting Force Controlled Constant Amplitude Axial Fatigue
Tests of Metallic Materials, ASTM E466-96 (Reapproved for 2002), Annual Book of
ASTM Standards.

Standard Test Method for Climbing Drum Peel for Adhesives, ASTM 1781-98
(Reapproved 2004), Annual ASTM Book of Standards.

Standard Test Method for Flatwise Tensile Strength of Sandwich Constructions, ASTM
C297-94 (Reapproved 1999), Annual ASTM Book of Standards.

Standard Test Method for In-Plane Shear Response of Polymer Matrix Composite
Materials by Tensile Test of a +45° Laminate, ASTM D3518D 3518M-94 (Reapproved
2007), Annual ASTM Book of Standards.

Standard Test Method for Flexural Properties of Unreinforced and Reinforced Plastics
and Electrical Insulating Materials by Four-Point Bending, ASTM D6272-02, Annual
ASTM Book of Standards.

Metallic Materials Properties Development and Standardization (MMPDS) Handbook,
MMPDS-03, October 2006.

29



APPENDIX

Individual Tensile Test Data

Number

Panel Sheet Stripper | of Strip YS UTS | Elongation

Specimen ID ID Alloy Type Cycles (ksi) (ksi) (%)
2bB1-NO-T1 | Al-2b-BASELINE-1 | 2024-T3 none 0 52.4 70.6 18%
2bB1-NO-T2 | Al-2b-BASELINE-1 | 2024-T3 none 0 52.5 70.7 17%
2bB1-NO-T3 | Al-2b-BASELINE-1 | 2024-T3 none 0 53.1 70.9 17%
2bB1-NO-T4 | Al-2b-BASELINE-1 | 2024-T3 none 0 52.8 71.2 18%
2bB1-NO-T5 | Al-2b-BASELINE-1 | 2024-T3 none 0 53.1 71.2 17%
2bB1-NO-T6 | Al-2b-BASELINE-1 | 2024-T3 none 0 53.1 71.1 9%
2bB1-NO-T7 | Al-2b-BASELINE-1 | 2024-T3 none 0 53.2 71.8 17%
2bB2-NO-T1 | Al-2b-BASELINE-2 | 2024-T3 none 0 53.0 71.6 17%
2bB2-NO-T2 | Al-2b-BASELINE-2 | 2024-T3 none 0 53.7 72.6 16%
2bB2-NO-T3 | Al-2b-BASELINE-2 | 2024-T3 none 0 53.2 70.5 18%
2bB2-NO-T4 | Al-2b-BASELINE-2 | 2024-T3 none 0 53.5 72.7 16%
2bB2-NO-T5 | Al-2b-BASELINE-2 | 2024-T3 none 0 52.9 71.2 17%
2bB2-NO-T6 | Al-2b-BASELINE-2 | 2024-T3 none 0 53.4 71.8 17%
2bB2-NO-T7 | Al-2b-BASELINE-2 | 2024-T3 none 0 534 72.0 17%
2024-T3 none avg: 53.1 71.4 16.4%
st dev: 0.37 0.71 2.3%
2bBK4-B4-T1 Al-2b-BAKE-4 | 2024-T3 baked 4 52.4 71.6 18%
2bBK4-B4-T2 Al-2b-BAKE-4 | 2024-T3 baked 4 52.5 71.3 17%
2bBK4-B4-T3 Al-2b-BAKE-4 | 2024-T3 baked 4 53.0 714 16%
2bBK4-B4-T4 Al-2b-BAKE-4 | 2024-T3 baked 4 53.0 71.2 16%
2bBK4-B4-T5 Al-2b-BAKE-4 | 2024-T3 baked 4 53.0 71.7 16%
2bBK4-B4-T6 Al-2b-BAKE-4 | 2024-T3 baked 4 52.9 715 17%
2bBK4-B4-T7 Al-2b-BAKE-4 | 2024-T3 baked 4 52.4 71.9 17%
2bBK5-B4-T1 Al-2b-BAKE-5 | 2024-T3 baked 4 52.9 715 17%
2bBK5-B4-T2 Al-2b-BAKE-5 | 2024-T3 baked 4 52.7 714 17%
2bBK5-B4-T3 Al-2b-BAKE-5 | 2024-T3 baked 4 52.6 714 17%
2bBK5-B4-T4 Al-2b-BAKE-5 | 2024-T3 baked 4 52.8 71.3 18%
2bBK5-B4-T5 Al-2b-BAKE-5 | 2024-T3 baked 4 52.8 714 17%
2bBK5-B4-T6 Al-2b-BAKE-5 | 2024-T3 baked 4 52.8 71.6 18%
2bBK5-B4-T7 Al-2b-BAKE-5 | 2024-T3 baked 4 52.5 71.3 16%

4 bake

2024-T3 cycles avg: 52.7 715 17.0%
st dev: 0.21 0.19 0.6%
2bS5-L4-T1 Al-2b-STD-5 | 2024-T3 laser 4 52.3 70.9 16%
2bS5-L4-T2 Al-2b-STD-5 | 2024-T3 laser 4 52.2 71.2 17%
2bS5-L4-T3 Al-2b-STD-5 | 2024-T3 laser 4 53.2 72.2 17%
2bS5-L4-T4 Al-2b-STD-5 | 2024-T3 laser 4 52.9 71.7 16%
2bS5-L4-T5 Al-2b-STD-5 | 2024-T3 laser 4 53.2 72.7 18%
2bS5-L4-T6 Al-2b-STD-5 | 2024-T3 laser 4 53.0 72.8 16%
2bS6-L4-T1 Al-2b-STD-6 | 2024-T3 laser 4 52.6 71.1 17%
2bS6-L4-T2 Al-2b-STD-6 | 2024-T3 laser 4 52.6 71.2 17%
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2cS5-L4-T3
2cS5-L4-T4
2cS5-L4-T5
2cS5-L4-T6

2bC2-C1-T1
2bC2-C1-T2
2bC2-C1-T3
2bC2-C1-T4
2bC2-C1-T5
2bC2-C1-T6

2bCH5-C4-T1
2bCH5-C4-T2
2bCH5-C4-T3
2bCH5-C4-T4
2bCH5-C4-T5
?bCH5-C4-T6

72b-PMB4-T1
72b-PMB4-T2
72b-PMB4-T3
72b-PMB4-T4

D72bPMB5-T1
D72bPMB5-T2
D72bPMB5-T3
D72bPMB5-T4

Al-2b-STD-6
Al-2b-STD-6
Al-2b-STD-6
Al-2b-STD-6

Al-2¢c-STD-5
Al-2¢c-STD-5
Al-2¢c-STD-5
Al-2¢-STD-5
Al-2¢-STD-5
Al-2¢-STD-5

Al-2b-CHEM-2
Al-2b-CHEM-2
Al-2b-CHEM-2
Al-2b-CHEM-2
Al-2b-CHEM-2
Al-2b-CHEM-2

Al-2b-CHEM-5
Al-2b-CHEM-5
Al-2b-CHEM-5
Al-2b-CHEM-5
Al-2b-CHEM-5
Al-2b-CHEM-5

072b-PMB4
072b-PMB4
072b-PMB4
072b-PMB4

072b-PMB5
072b-PMB5
072b-PMB5
072b-PMB5

2024-T3
2024-T3
2024-T3
2024-T3

2024-T3

2024 clad
2024 clad
2024 clad
2024 clad
2024 clad
2024 clad

2024

clad

2024-T3
2024-T3
2024-T3
2024-T3
2024-T3
2024-T3

2024-T3

2024-T3
2024-T3
2024-T3
2024-T3
2024-T3
2024-T3

2024-T3

2024-T3
2024-T3
2024-T3
2024-T3

2024-T3
2024-T3
2024-T3
2024-T3

2024-T3
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avg:
st dev:

A A SADMDdD

avg:
st dev:

PR R R R PR

avg:
st dev:

DA D

avg:
st dev:

E R i i

avg:
st dev:

52.7
52.6
52.8
52.6

52.7
0.30

49.2
49.0
49.2
48.8
49.1
48.7

49.0
0.19

52.8
51.9
52.5
52.4
52.7
52.6

52.5
0.30

53.87
53.98
53.89
53.90
53.98
23.97

53.9
0.05

53.3
53.4
53.4
53.0

53.5
53.6
53.5
23.7

53.4
0.21

71.7
71.1
71.0
71.0

71.5
0.67

65.9
65.7
65.9
65.6
65.8
65.3

65.7
0.23

71.4
70.7
71.1
71.4
71.6
71.5

71.3
0.33

72.64
72.76
72.83
72.85
72.85
13.16

72.8
0.17

72.5
72.4
72.6
72.1

72.4
72.6
71.9
12.3

72.4
0.26

18%
16%
17%
17%

16.9%
0.6%

15%
16%
17%
17%
17%
16%

16.3%
0.6%

17%
17%
17%
17%
17%
17%

17.1%
0.3%

16.8%
17.1%
16.9%
16.3%
17.2%
16.6%

16.8%
0.3%

18.1%
15.9%
18.6%
16.3%

17.8%
17.6%
17.3%
16.2%

17.2%
1.0%




r2bSAND4-T1 072bSAND4 2024-T3 | hand sand 4 52.1 70.3 16%
r2bSANDA4-T2 072bSAND4 2024-T3 | hand sand 4 52.4 71.3 17%
r2bSAND4-T3 072bSAND4 2024-T3 | hand sand 4 52.3 71.3 18%
r2bSAND4-T4 072bSAND4 2024-T3 | hand sand 4 52.3 71.1 16%
r2bSAND5-T1 072bSAND5 2024-T3 | hand sand 4 52.1 70.3 17%
'2bSAND5-T2 072bSAND5 | 2024-T3 | hand sand 4 52.3 70.8 18%
'2bSAND5-T3 072bSAND5 | 2024-T3 | hand sand 4 52.2 70.9 16%
72bSAND5-T4 072bSAND5 | 2024-T3 | hand sand 4 524 | 712 17%
4 hand
2024-T3 sand avg: 52.3 70.9 16.9%
st dev: 0.13 0.41 0.6%
7bB1-NO-T1 | AI-7b-BASELINE-1 7075-T6 none 0 74.3 84.2 14%
7bB1-NO-T2 | Al-7b-BASELINE-1 7075-T6 none 0 74.4 85.3 14%
7bB1-NO-T3 | Al-7b-BASELINE-1 7075-T6 none 0 74.6 85.4 14%
7bB1-NO-T4 | Al-7b-BASELINE-1 7075-T6 none 0 74.7 84.5 13%
7bB1-NO-T5 | Al-7b-BASELINE-1 7075-T6 none 0 75.7 85.0 14%
7bB1-NO-T6 | Al-7b-BASELINE-1 7075-T6 none 0 75.6 84.9 14%
7bB1-NO-T7 | Al-7b-BASELINE-1 7075-T6 none 0 75.1 84.8 16%
7bB2-NO-T1 | Al-7b-BASELINE-2 7075-T6 none 0 74.8 83.9 14%
7bB2-NO-T2 | Al-7b-BASELINE-2 7075-T6 none 0 76.2 85.6 13%
7bB2-NO-T3 | AIl-7b-BASELINE-2 7075-T6 none 0 75.3 84.5 13%
7bB2-NO-T4 | Al-7b-BASELINE-2 7075-T6 none 0 75.1 84.8 14%
7bB2-NO-T5 | Al-7b-BASELINE-2 7075-T6 none 0 74.3 83.6 13%
7bB2-NO-T6 | Al-7b-BASELINE-2 7075-T6 none 0 74.0 83.9 13%
7bB2-NO-T7 | Al-7b-BASELINE-2 | 7075-T6 none 0 755 | 84.8 13%
7075-T6 none avg: 75.0 84.7 13.7%
st dev: 0.64 0.59 0.7%
7bBK4-B4-T1 Al-7b-BAKE-4 7075-T6 baked 4 76.3 85.9 13%
7bBK4-B4-T2 Al-7b-BAKE-4 7075-T6 baked 4 76.3 85.4 12%
7bBK4-B4-T3 Al-7b-BAKE-4 | 7075-T6 baked 4 75.3 84.8 13%
7bBK4-B4-T4 Al-7b-BAKE-4 7075-T6 baked 4 75.5 85.1 12%
7bBK4-B4-T5 Al-7b-BAKE-4 7075-T6 baked 4 75.8 85.2 13%
7bBK4-B4-T6 Al-7b-BAKE-4 7075-T6 baked 4 75.9 85.0 13%
7bBKS-B4-T1 Al-7b-BAKE-5 | 7075-T6 baked 4 756 | 845 13%
7bBK5-B4-T2 Al-7b-BAKE-5 7075-T6 baked 4 75.7 84.8 14%
7bBK5-B4-T3 Al-7b-BAKE-5 7075-T6 baked 4 74.3 84.8 13%
7bBK5-B4-T4 Al-7b-BAKE-5 7075-T6 baked 4 75.7 84.9 12%
7bBK5-B4-T5 Al-7b-BAKE-5 7075-T6 baked 4 76.2 85.1 12%
7bBK5-B4-T6 Al-7b-BAKE-5 7075-T6 baked 4 76.1 85.2 12%
7bBK5-B4-T7 Al-7Tb-BAKE-5 | 7075-T6 baked 4 755 | 847 13%
4 bake
7075-T6 cycles avg: 75.7 85.0 12.7%
st dev: 0.5 0.3 0.4%
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7bS5-L4-T1
7bS5-L4-T2
7bS5-L4-T3
7bS5-L4-T4
7bS5-L4-T5
7bS5-L4-T6

7bS6-L4-T1
7bS6-L4-T2
7bS6-L4-T3
7bS6-L4-T4
7bS6-L4-T5
7bS6-L4-T6

7bC2-C1-T1
7bC2-C1-T2
7bC2-C1-T3
7bC2-C1-T4
7bC2-C1-T5
7bC2-C1-T6

[7bCH5C4-T1
[7TbCH5C4-T2
[7bCH5C4-T3
[7TbCH5C4-T4
[7bCH5C4-T5
[7bCH5C4-T6

D77bPMB4-T1
D77bPMB4-T2
D77bPMB4-T3
D77bPMB4-T4

D77bPMB5-T1
D77bPMB5-T2
D77bPMB5-T3
D77bPMB5-T4

Al-7b-STD-5
Al-7b-STD-5
Al-7b-STD-5
Al-7b-STD-5
Al-7b-STD-5
Al-7b-STD-5

Al-7b-STD-6
Al-7b-STD-6
Al-7b-STD-6
Al-7b-STD-6
Al-7b-STD-6
Al-7b-STD-6

Al-7b-CHEM-2
Al-7b-CHEM-2
Al-7b-CHEM-2
Al-7b-CHEM-2
Al-7b-CHEM-2
Al-7b-CHEM-2

Al-7b-CHEM-5
Al-7b-CHEM-5
Al-7b-CHEM-5
Al-7b-CHEM-5
Al-7b-CHEM-5
Al-7b-CHEM-5

Al-7b-PMB-4
Al-7b-PMB-4
Al-7b-PMB-4
Al-7b-PMB-4

Al-7b-PMB-5
Al-7b-PMB-5
Al-7b-PMB-5
Al-7b-PMB-5

7075-T6
7075-T6
7075-T6
7075-T6
7075-T6
7075-T6

7075-T6
7075-T6
7075-T6
7075-T6
7075-T6
7075-T6

7075-T6

7075-T6
7075-T6
7075-T6
7075-T6
7075-T6
7075-T6

7075-T6

7075-T6
7075-T6
7075-T6
7075-T6
7075-T6
7075-T6

7075-T6

7075-T6
7075-T6
7075-T6
7075-T6

7075-T6
7075-T6
7075-T6
7075-T6

7075-T6
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st dev:

A A
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avg:
st dev:

75.0
75.3
75.1
75.7
75.1
76.0

76.2
76.4
77.2
76.1
77.1
16.9

76.0

0.8
75.2
75.4
76.0
75.7
76.0
5.2

75.6
0.4
77.75
76.85
77.14
77.38
77.22
77.14

77.2
0.3

76.22
76.67
76.37
76.45

77.41
76.83
77.00
16.64

76.7
0.4

83.5
83.8
84.6
84.2
85.0
85.1

84.8
85.0
85.8
85.1
86.0
85.9

84.9

0.8
85.1
85.1
85.1
84.9
85.3
84.7

85.0

0.2
86.15
83.62
85.85
85.69
85.69
85.22

85.4
0.9

85.51
85.56
85.41
85.33

85.92
85.76
85.58
85.28

85.5
0.2

12%
13%
13%
13%
12%
12%

13%
13%
13%
13%
13%
13%

12.9%
0.4%
13%
13%
13%
14%
13%
14%

13.2%
0.3%
13%
9%
13%
13%
13%
9%

11.7%
2.0%

14%
14%
15%
13%

13%
13%
14%
13%

13.7%
0.7%




[7TbSANDA4-T1
[7TbSANDA4-T2
[7TbSANDA4-T3
[7TbSANDA4-T4

[7TbSAND5-T1
[7TbSAND5-T2
[7TbSAND5-T3
[ 7TbSAND5-T4

Al-7b-SAND-4
Al-7b-SAND-4
Al-7b-SAND-4
Al-7b-SAND-4

Al-7b-SAND-5
Al-7b-SAND-5
Al-7b-SAND-5
Al-7b-SAND-5

7075-T6
7075-T6
7075-T6
7075-T6

7075-T6
7075-T6
7075-T6
7075-T6

hand sand
hand sand
hand sand
hand sand

hand sand
hand sand
hand sand
hand sand

7075-T6

4 hand
sand

>~ B2 Dd BB D

avg:
st dev:

76.58
76.14
76.79
76.14

76.42
76.84
76.34
76.69

76.5
0.3

85.00
85.38
85.13
84.72

85.27
85.69
85.36
85.44

85.2
0.3

12.1%
11.7%
12.9%
11.5%

12.6%
12.3%
13.7%
12.5%

12.4%
0.7%
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Individual Fatigue Test Results
2024 Smooth Fatigue Data

| e | e e ] oy
2bB1-MO-F1 | AZb-BASELINE | 2024-T3 NONE 0 45.0 0.1 298154
2bB1-NO-F4 | A-ZB-BASELINE1 | 2024-T3 NONE 0 55.0 0.1 39314
2bB1-MO-F9 | AZD-BASELINE | 2024-T3 NONE 0 52.0 0.1 80734
2bB1-MO-F12 | A2b-BASELINE | 2024-T3 NONE 0 458.0 0.1 166052
2bB1-MO-F2 | Al-Zb-BASELINE | 2024-T3 NONE 0 45.0 0.1 419002
2bB1-NO-F7 | A-Zb-BASELINE1 | 2024-T3 NONE 0 560 01 41124
20B1-MO-F5 | A2b-BASELINE! | 2024-T3 MNONE 0 45.0 0.1 334738
2bB1-NO-F11 | AZb-BASELINE | 2024-T3 NONE 0 55.0 0.1 45766
2bB2-MO-F9 | A2b-BASELINE2 | 2024-T3 NONE 0 45.0 0.1 378969
2bB2-MO-FT | AlZb-BASELINE2 | 2024-T3 NONE 0 45.0 01 211754
ZbB2-NO-F8 | A-ZH-BASELINEZ | 2024-T3 NONE 0 55.0 01 35092
2bB2-MNO-F11 | AFZb-BASELINE2 | 2024-T3 NONE 0 55.0 D:1 41514
2bB2-MNO-F10 | AFZbBASELINEZ | 2024-T3 NONE 0 42.0 01 3098368
2bB2-MO-F1 | AlL2b-BASELINE2 | 2024-T3 NONE 0 45.0 0.1 233841
ZbB2-MO-F2 | AlZ-BASELINE2 | 2024-T3 NONE 0 400 0.1 10000000
ZbB2-MO-F4 | AZb-BASELINEZ | 2024-T3 NONE 0 48.0 0.1 129703
2bB2-MO-F5 | AIZbBASELINEZ | 2024-T3 NONE 0 60.0 0.1 33417
2bBK4-B4-F1 Al-2b-BAKES4 2024-13 NONE 4 baked 55.0 0.1 57761
ZbBK4-B4-F2 Al-2b-BAKEA 2024-T3 NONE 4 baked 450 0.1 164449
2bBK4-B4-F5 Al-2b-BAKEA 2024-T3 NONE 4 baked 55.0 0.1 42575
ZbBK4-B4-F8 Al-2b-BAKEA 2024-T3 NONE 4 baked 45.0 0.1 209530
ZbBK4-B4-F11 Al-2b-BAKE4 2024-T3 NONE 4 baked 45.0 0.1 213022
ZbBK4-B4-F14 Al-2b-BAKE-4 2024-T3 NONE 4 baked 55.0 0.1 49501
2bBK5-B4-F1 A-2b-BAKE-S 2024-T3 NONE 5 baked 550 0.1 57620
2bBK5B4-F2 Al-2b-BAKES 2024-T3 NONE 5 baked 45.0 0.1 149018
2bBK5B4-F3 Al2b-BAKES 2024-T3 NONE 5 baked 55.0 0.1 46929
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e | ra |t | gy |kt [ | e
2b35-14-F10 £-20-5TD-5 2024-T3 Laser 4 450 01 155826
2bS5-14-F12 A-20-STD-5 2024-T3 Laser 4 550 01 38022
2bSe-L4-F1 AR2b-STD-6 2024-T3 Laser 4 45.0 0.1 141937
2bS6-14-F2 AL2b-5TD-6 2024-T3 Laser 4 450 0.1 167383
2bSe-L4-F3 AR2b-5TD-6 2024-T3 Laser 4 55.0 0.1 37570
2bSe-L4-F5 AlZb-STD-6 2024-T3 Laser 4 55.0 0.1 33930
2bS6-14-FB AL2b-STD-6 2024-T3 Laser 4 450 0.1 1545986
2bSe-L4-F9 AR2b-STD-6 2024-T3 Laser 4 45.0 0.1 312033
2biSe-L4-F10 Al2b-STD-6 2024-T3 Laser 4 55.0 0.1 37519
2bS6-L4-F11 Al2b-STD-6 2024-T3 Laser 4 55.0 0.1 50110
2c55-L4-F1 A-2c-5TD-5 2024-T3 | Laser (clad) 4 450 0.1 98212
2c53-L4-F2 A-2c-5TD-2 2024-T3 | Laser (clad) 4 55.0 0.1 28486
2c55-L4-F3 A-2c-5TD-5 2024-T3 | Laser (clad) 4 55.0 0.1 37266
2c55-L4-F4 A-2c-5TD-5 2024-T3 | Laser (clad) 4 45.0 0.1 90179
2c55-14-F5 £-2c-3TD-5 2024-T3 | Laser (clad) 4 450 0.1 109497
2c55-L4-F6 A-2c-STD-5 2024-T3 | Laser (clad) 4 550 0.1 28612
2c55-L4-F8 A-2c-5TD-0 2024-T3 | Laser (clad) 4 45.0 0.1 105998
2c55-14-F9 A-2c-3TD-5 2024-T3 | Laser (clad) 4 550 01 31016
2c850-L4-F11 A-2c-STD-5 2024-T3 | Laser (clad) 4 450 01 68299
2c55-14-F12 A-2c-5TD-5 2024-T3 | Laser (clad) 4 550 01 18569
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Spe;:émen PTEEI SAlhleet Sirippiag Type HI..Ith of (Max S'tress Str Ratio B)re.les to
oy Strip Events | (ksi) (R) Failure
2bC2-C1-F1 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 145239
2bC2-C1-F2 Al-2b-CHEM-2 2024-T3 CHEM 1 95.0 0.1 48802
2bC2-C1-F3 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 255773
2bC2-C1-F4 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 134742
2bC2-C1-F5 Al-2b-CHEM-2 2024-T3 CHEM 1 55.0 0.1 63121
2bC2-C1F7 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 207192
2bC2-C1-F9 Al-2b-CHEM-2 2024-T3 CHEM 1 55.0 0.1 37404
2bC2-C1-F11 Al-2b-CHEM-2 2024-T3 CHEM 1 55.0 0.1 72978
2bC2-C1-F12 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 258484
2bC2-C1-F13 Al-2b-CHEM-2 2024-T3 CHEM 1 55.0 0.1 67402
2bC2-C1-F14 Al-2b-CHEM-2 2024-T3 CHEM 1 45.0 0.1 106035
2bCHS-C4-F1 Al-2b-CHEM-A4 2024-T3 CHEM 4 45.0 0.1 137805
2bCHS-C4-F2 Al-2b-CHEM-A 2024-T3 CHEM 4 55.0 0.1 46500
2bCHS-C4-F4 Al-2b-CHEMA4 2024-T3 CHEM 4 45.0 0.1 201373
2bCHS-C4-F5 Al-2b-CHEMA 2024-T3 CHEM 4 55.0 0.1 16162
2bCHS-C4-F6 Al-2b-CHEMA 2024-T3 CHEM 4 45.0 0.1 76063
2bCHS-CA-F7 Al-2b-CHEM-A 2024-T3 CHEM 4 45.0 0.1 142268
2bCHS-C4-F8 Al-2b-CHEMA4 2024-13 CHEM 4 55.0 0.1 46332
2bCHS-CA-FS Al-2b-CHEM-A 2024-T3 CHEM 4 45.0 0.1 168232
2bCH5-C4-F10 Al-2b-CHEM-A 2024-13 CHEM 4 55.0 01 47646
2bCH5-C4-F11 Al-2b-CHEM-A 2024-T3 CHEM 4 45.0 0.1 29508
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Sp-er[i)men Pillgel SAl;eet Blismiag Time Nl.fmb&l‘ of (Max S'Imss Str Ratio Cye.les to
oy Strip Events |  (ksi) (R} Failure

2bCH5-C4-F12 Al-26-CHEM-A 2024-T3 CHEM 4 55.0 0.1 38438
2bPMB-4-F1 Al-2b-PMB-4 2024-T3 PMB 4 55.0 0.1 48267
2bPMB4-F2 Al-2b-PME4 2024-T3 PMB 4 45.0 01 182440
2bPMB-4-F3 Al-2b-PME-4 2024-T3 PMB 4 55.0 0.1 36406
2bPMB-4-F4 AlLZb-PMB4 2024-T3 PMB 4 450 0.1 285769
Z2bPMB-4-F6 Al-2b-PMB-4 2024-T3 PMB 4 550 0.1 52088
2bPMB-4-F7 Al-2b-PMB-4 2024-T3 PMB 4 450 0.1 196509
2bPMB-5-F1 Al-2b-PMBE-S 2024-T3 PMB 4 55.0 0.1 49769
2bPMB-5-F2 Al-2b-PMB-5 2024-T3 PMB 4 450 0.1 231032
2bPMB-5-F3 Al-2b-PMB-5 2024-T3 PMB 4 45.0 0.1 159163
2bPMB-5-F4 Al-2b-PMB-5 2024-T3 PMB 4 55.0 0.1 51729
2bPMB-5-F6 Al-2b-PMB-5 2024-T3 PMB 4 45.0 0.1 178254
ZbPMB-5-F7 Al-2b-PMB-5 2024-13 PMB 4 55.0 0.1 42731
Zbsand-4-F2 Al-2b-3AND-4 2024-T3 | Hand Sanded 4 450 0.1 193877
2bsand-4-F3 Al-2b-SAND-4 2024-T3 | Hand Sanded 4 55.0 0.1 32899
Zbsand-4-F4 Al-2b-SAND-4 2024-T3 | Hand Sanded 4 55.0 0.1 28346
2bsand-4-F5 Al-2b-SAND-4 2024-T3 | Hand Sanded 4 45.0 0.1 191746
2bsand-4-F6 Al-2b-SANDA4 2024-T3 | Hand Sanded 4 45.0 0.1 213971
2bsand-4-F7 Al-26-SAND-4 2024-T3 | Hand Sanded 4 55.0 0.1 45749
2bsand-5-F2 Al-2b-SAND-2 2024-T3 | Hand Sanded 4 59.0 B 22010
2Zbsand-5-F3 Al-2b-3AND-2 2024-T3 | Hand Sanded 4 45.0 0.1 285897
Zbsand-3-F4 Al-2b-5AND-5 2024-T3 | Hand Sanded 4 45.0 0.1 172384
2bsand-5-F5 Al2b-SAND-5 2024-T3 | Hand Sanded 4 550 0.1 73086
2bsand-3-F6 Al2b-5AND-5 2024-T3 | Hand Sanded 4 55.0 01 21869
2bsand-3-F7 Al-2p-5AND-5 2024-T3 | Hand Sanded 4 45.0 0.1 248128
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2024 Notched Fatigue Data

5"’;’""" P“n;"" m 5“;:':':‘ E::E[H;i} Rm Cycles to Fail
ZB1-NINF2 | ALZb-BASELINE-1 | 2024-T3 NONE 22.0 0.1 1,179,203
ZB1-NONFS | AL2pBASELINE-1 | 2024-T3 NONE 30.0 0.1 65,755
B1-NI-NF7 | AL2b-BASELINE-1 | 2024-T3 NONE 22.0 0.1 175,626
ZBININFE | AL2bBASELINE-1 | 2024-T3 NONE 22.0 0.1 190,974
ZB1-NINFS | ALZ-BASELINE-1 | 2024-T3 NONE 30.0 0.1 57,124
2bB1-NO-NF14 | AL26BASELINE-1 | 2024-T3 NONE 30.0 0.1 54,792
ZB1NONF1 | ALZoBASELINE-1 | 2024-T3 NONE 21.0 0.1 477,929
ZBI-NINF3 | AL26-BASELINE-1 | 2024-T3 NONE 24.0 0.1 165,875
ZoB1-NONFE | AL20-BASELINE-1 | 2024-T3 NONE 280 0.1 75,867
2bB1-NO-NF11 | AL26BASELINE1 | 2024-T3 NONE 20.0 0.4 | 10,000,000
B2NINFS | AL2b-BASELINE-2 | 2024-T3 NONE 240 0.1 155,722
ZB2NINFE | ALZoBASELINE-2 | 2024-T3 NONE 22.0 0.1 208,872
2bB2-NO-NF12 | AL26-BASELINE2 | 2024-T3 NONE 30.0 0.1 58,124
2bBZNO-NF14 | AL26BASELINE-2 | 2024-T3 NONE 32.0 0.1 48,415
E2NINF3 | AL26-BASELINE-2 | 2024-T3 NONE 22.0 0.1 287,871
B2NONF4 | AL2-BASELINE-2 | 2024-T3 NONE 22.0 0.1 306,144
ZB2.NINFS | AL2bBASELINE-2 | 2024-T3 NONE 30.0 0.1 45,839
2bB2NO-NF13 | AL-25-BASELINE2 | 2024-T3 NONE 30.0 0.1 48,801
2bBK4-BANF2 | AL26-BAKED4 | 2024-T3 NONE 22.0 0.1 173,961
2bBK4-BANFS | AL26-BAKEDSA | 2024-T3 NONE 22.0 0.1 145,850
2bBK4-BANFG | AL2b-BAKEDSA | 2024-T3 NONE 22.0 0.1 251,580
2bBKA-BANFT | AL26BAKEDA | 2024.-T3 NONE 30.0 0.1 57,065
2bBKA-BANFI3| AL26-BAKED-4 | 2024-T3 NONE 30.0 0.1 47,451
2bBKABANFI4 | AL26-BAKED4 | 2024-T3 NONE 30.0 0.1 47,338
2bBKS-BANF1 | AL26-BAKEDS | 2024-T3 NONE 22.0 0.1 164,797
2bBKS-BANF3 | AL26-BAKEDS | 2024-T3 NONE 30.0 0.1 52,662
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Specimen

Panel

Sheet

Stripping

Max Net

D D Alioy Type Stoess (ki) | Rk, . | VeI WFail
2bBKS-BANET | ALZbBAKEDS | 2004-T3 NONE 22.0 0.1 138,633
2bBKS-BANFS | AL-2bBAKEDS | 2024-T3 NONE 22.0 0.1 183,096
2bBKS-BANF10 | AL26BAKEDS | 2024-T3 NONE 30.0 0.1 62,937
2bBKS-BANF14 | AL26BAKEDS | 2024-T3 NONE 30.0 0.1 52,815

2bS514-NF1 | A2b-STDS | 2024-T3 Laser 30.0 0.1 47,061
2S544NF2 |  A2bSTDS | 2024.T3 Laser 22.0 0.1 225,293
2bS514.NF5 | AL2bSTDS | 2024-T3 Laser 30.0 0.1 58,108
2bS514NFE | APbSTDS | 2024.T3 Laser 22.0 0.1 2,493,258
2bS5L4NFE | AL2bSTDS | 2024-T3 Laser 30.0 0.1 51,500
2bS514.NFO |  ALObSTDS | 2024-T3 Laser 22.0 0.1 216,645
2S614NF2 | A2bSTDE | 202473 Laser 30.0 0.1 54 677
JSEL4NFS | A2bSTDE | 2024-T3 Laser 30.0 0.1 55,705
2bS6L4NFE | AL2b-STDE | 2024-T3 Laser 22.0 0.1 373,259
2bS6L4-NFY | A2b-STD6 | 2024-T3 Laser 22.0 0.1 1,795,994
2bSEL4NF10 | AL2bSTDE | 2024-T3 Laser 30.0 0.1 53,708
2bSEL4NF12 | AL2bSTDS | 2024.T3 Laser 22.0 0.1 6,364,421
2cS5-L4-NF1 AL2cSTDS | 2024-T3 |  Laser (clad) 22.0 0.1 157,110
2c8514NF2 | M2cSTDS | 202473 |  Laser (clad) 30.0 0.1 42,138
20S514NF3 |  M2cSTDS | 2024-T3 |  Laser (clad) 22.0 0.1 152,315
205514NFe | AM2cSTDS | 202473 |  Laser(clad) 30.0 0.1 40,890
2c8514NF5 | M2cSTDS | 2024-T3 |  Laser(clad) 22.0 0.1 131,966
2cS514NF6 | AL2cSTDS | 2024-T3 |  Laser (clad) 30.0 0.1 44,472
208514NF7 | M2cSTDS | 202473 |  Laser(clad) 22.0 0.1 156,629
2cS514NF8 | A2cSTDS | 2024-T3 |  Laser (clad) 30.0 0.1 35,892
2c8514NF3 | M2cSTDS | 2024-T3 |  Laser (clad) 30.0 0.1 40,192
2eSELANFI0 | AL2cSTDS | 2004-T3 | Laser (clad) 22.0 0.1 149 567
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2c85-L4-NF11 AL2e-5TD-5 2024-T3 Laser (clad) 22.0 01 140,703
2c55-L4-MF12 AL2c-5TD-5 2024-T3 Laser {clad) 30.0 0.1 50,6865
2bC2-C1-NF1 Al-28-CHEM-2 2024-T3 CHEM 22.0 0.1 B45 714
20C2-C1-NF3 Al-28-CHEM-2 2024-T3 CHEM 22.10 0.1 318,849
26C2-C1-NF4 Al-26-CHEM-2 2024-T3 CHEM 30.0 01 52,087
2bC2-C1-NF& Al-286-CHEM-2 2024-T3 CHEM 22.10 01 436531
2602-CA-NFY Al-26-CHEM-2 2024-T3 CHEM 30.0 0.1 52273
26C2-C1-NFB Al-28-CHEM-2 2024-T3 CHEM 30.0 01 56,107
20C2-C1-NF9 Al-28-CHEM-2 2024-T3 CHEM 2210 0.1 215965
2bC2-C1-MF10 Al-26-CHEM-2 2024-T3 CHEM 30.0 01 50,786
2bC2-C1-NF11 Al-286-CHEM-2 2024-T3 CHEM 22.0 0.1 23275
2bC2-C1-NF12 Al-28-CHEM-2 2024-T3 CHEM 30.0 01 43,667
2BC2-C1-MF13 Al-28-CHEM-2 2024-T3 CHEM 30.0 0.1 59,359
ZbC2-C1-NF14 Al-2b-CHEM-2 2024-T3 CHEM 22.0 DA 168,749
2BCHS-C4-NF1 Al-2B-CHEM-4 2024-T3 CHEM 22.0 01 118,829
2bCHE-CA-NF2 Al-2b-CHEM-4 2024-T3 CHEM 30.0 0.1 99,967
2bCH5-C4-NF3 Al-2b-CHEM-4 2024-T3 CHEM 220 01 331,910
2bCH5-CA-NF4 Al-2b-CHEM-4 2024-T3 CHEM 30.0 i 42,733
2bCH5-C4-NF5 Al-2b-CHEM-4 2024-T3 CHEM 220 0.1 247 519
2bCH5-CA-NFE Al-2b-CHEM-4 2024-T3 CHEM 0.0 DA 45422
2bCHS-CA-NFT Al-2b-CHEM-4 2024-T3 CHEM 220 0.1 439023
2bCH5-C4-NF3 Al-2b-CHEM-4 2024-T3 CHEM 30.0 i 48 574

2bCH5-C4-NF10|  Al-2b-CHEM-4 2024-T3 CHEM 220 0.1 161,644
2BCHS-C4-NF11 Al-26-CHEM-4 2024-T3 CHEM 30.0 0.1 46,303
2BPMB-4-NF1 Al-2b-PMB-4 2024-T3 PME 220 01 188,210
26PMB-4-NF2 Al-2b-PME4 2024-T3 PME 30.0 01 50,524
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Too | D | Ney | Twe | seceshe| nato |Creks0FaL
JBPMBE-4-NF3 Al-2p-PMB4 2024-T3 PMB 22.0 0.1 231,120
ZoPMB-4-NF4 Al-Zb-PMB4 2024-T3 PMB 30.0 01 20,207
ZoPMB-4-NF5 Al-2b-PME4 2024-T3 PMB 22.0 0.1 216,957
ZoPME-4-NF& Al-Zb-FMB4 2024-T3 PMB 30.0 0.1 24,511
ZoPME-4-NFT Al-2b-PMEB4 2024-T3 PMB 220 0.1 186,119
FPMB-5-NF1 Al-2p-PMB-5 2024-T3 PMB 20 0.1 1,181,482
ZoPMB-5-NF2 Al-2b-PMB-5 2024-T3 PMB 30.0 0.1 59,191
JBPMB-5-NF5 Al-2b-PMB-5 2024-T3 PMB 220 0.1 201,322
ZoPMB-5-NF& Al-2b-PMB-5 2024-T3 PMB 30.0 01 47,408
ZPMB-5-NFT Al-2b-PMBE-S 2024-T3 PMB 30.0 0.1 66,209
2bzand-4-NF1 Al-2b-5AND-4 2024-T3 | Hand Sanded 220 0.1 282,313
2bzand-4-NF2 Al-2b-SAND-4 2024-T3 | Hand Sanded 30.0 0.1 90,285
2bzand-4-NF3 Al-2b-SAND-4 2024-T3 | Hand Sanded 220 0.1 254 557
2bcand-4-NF4 Al-2b-5AND-4 2024-T3 | Hand Sanded 30.0 0.1 23,519
2bzand-4-NF5 Al-2b-SAND-4 2024-T3 | Hand Sanded 220 0.1 199,350
2bzand-4-NFG Al-2b-5AND-4 2024-T3 | Hand Sanded 220 0.1 136,094
2bzand-5-NF1 Al-2b-5AND-5 2024-T3 | Hand Sanded 30.0 0.1 55,760
2bzand-5-NF2 Al-2b-SAND-5 2024-T3 | Hand Sanded 30.0 0.1 60,303
2bzand-5-NF3 Al-2b-5AND-3 2024-T3 | Hand Sanded 22.0 0.1 266,035
2bzand-5-NF5 Al-2b-SAND-5 2024-T3 | Hand Sanded 20 0.1 282,433
2bzand-5-NF6 Al-2b-5AND-5 2024-T3 | Hand Sanded 30.0 01 45,750
2bzand-5-NFT Al-2b-SAND-5 2024-T3 | Hand Sanded 30.0 0.1 55,035
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7075 Smooth Fatigue Data

s || o ] o ]|
ToEia0F1 | ArpBasEnE | T075TE|  MONE 38 | 10.000,000
etz | arnaasaneq | 7o75TE|  MONE 45 53,975
ToEiw0Fd | ArpBasEnEq | TO75TE|  MONE BE 44 M3
eiers | Apaase e | 7075TE|  MONE 45 4200
et 07 | ArpBasEmE | TO75TE|  MONE 44 85,821
meinore | Arnaasa e | To75TE|  MONE 44 48,533
THEINO-F12 | ALThBASELME-1 | TOTE-TB | MONE BE 30477
mE1noFn | ATneasE e | TOTETE | MONE 48 74,576
ToEanore | ApBasEmE: | T075TE|  MONE BE 42,843
TeomoFt | AarpaasEnEs | To7ETE|  MONE 40 128,867
ToEan0F3 | ArpmasE ez | TO75TE|  MONE BE 29,821
Teonors | arnaasEsEs | 7075 TE|  MONE 44 101,315
ToEan0Fs | ArpBasE ez | TO75TE|  MONE 1 852740
TeonorT | AarnaasEsEs | TO7ETE|  MONE 44 135,276
ToEa-MO-F11 | ALTbBASELME: | TOTE-TB | MONE 38 1,334,761
Ec Mo | ATnEAsEME: | TOTETE | MONE 44 120,073
| v | e [
mekssir2 | mrpEAxED4 | 7075TE|  MONE 32 | 10,000,000
mewsbsrs | mmpaaEDe | 7075TE|  MONE 44 201,305
meksssir7 | mrpEAKED4 | 7075TE|  MONE BE 31,077
mewsnirs | mvpaaEDd | 7O7STE|  MONE 44 45 553
ThEKABAFID| ATBBAKEDY | TOTSTE|  NONE BE 24,485
ThEwABar11| ATbBAEDY | TOVSTE|  MONE 40 | 10000000
ThEkeBAF12| ATbBAKEDS | TOTSTE|  NONE 44 172,450
maksasr1 | mmbaaEDs | 7ovsTE|  MONE 55 14,340
meksesrl | mTpEaEDS | 7075TE|  MONE 42 248,746
maksasre | mTbAaREDS | 70vsTE|  MONE 44 33,400
meksEsFs | mTpEAREDS | 707ETE|  MONE EE 17,376
maksasre | mTbeakEDs | 70vsTE|  MONE 44 139,060
TEKSB5FI0| ATRBAKEDS | TOTETE|  NONE 44 | 10,000,000
ThEKSB5F11| ATbBAKEDS | TOVS-TE|  NONE 55 26,000
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TosFLEF2 ALTH-STOHS TO7E-TE LASER 43 50,063
THEHLEFS ALTH-STOHS TOTE-TE LASER 44 157,81
ToSSLEFT BLTB-STOHS TO7E-TH LASER 55 28,550
TossLEFD ALTH-STOHS TO7E-TE LASER 44 117,778
ToS5LA-F10 BLTB-STOHS TO7E-TH LASER 44 243,037
ToEELEF ALTH-STIHS TO7E-TE LASER 55 31,831
TooE-LEF1 ALTH-STOHS TOTE-TE LASER 44 93,110
ToSE-LEF2 BLTB-STOHS TO7E-TH LASER 55 24 528
ToSELEFL ALTH-STOHS TO7E-TE LASER 55 43,518
TosE-LEFa ALTH-STOHS TOTE-TE LASER 44 57,183
TosELEF ALTH-STOHS TO7E-TE LASER 55 33,870
TRCC R AFTCHEMZ | TOTE-TH CHEM 55 20,074
TOCC -2 AETE-CHENE? TO7E-TH CHEM 44 74,185
TOC2Ci-Fd AFTRCHEMEZ2 | TOTE-TH CHEM 55 40,058
TUC2C1FE AFTCHEMZ | TOTE-TH CHEM 44 70,858
TOCC-FT AETE-CHENE? TO7E-TH CHEM 44 54 07T
ToC2Ci-FR AFTRCHEMEZ | TOTE-TH CHEM 55 30,063
TG 1-F3 AETE-CHENE? TO7E-TH CHEM 44 50,245
ToC2-CIFI0 | AFTSCHEMEZ | TOTES-TH CHEM 55 20,847
TOC2CIF12 | AFTSCHEMEZ | TOTETH CHEM 55 20,567
Tol2-C1-F13 | ARTR-CHEWEZD TI7E-TH CHEM 44 85,083
TBCHSCAF2 | ALTCHEMES | TOTETEH CHEM 44 41,162
TBCHSCAFY | ARTo-CHENES TOTE-TH CHEM ] 2,885
ThCHSC4FE | ALTDCHEMES | TOTETEH CHEM 44 25,574
ThCHS-CAFG | AFTD-CHEMES | TOTS-TH CHEM L] 4.7
TBCHS-CAFT | AFTo-CHENHS TO7E-TH CHEM 85 7.3
TOCHS-CAFB | AFT-CHEMRE | TOTES-TH CHEM 55 12,567
ThBCHSCAFY | AFTCHEMEE | TOTETH CHEM 44 20213
THCHS-CAFIN|  ARFTE-CHERHS TO7E-TH CHEM 85 18,784
TBCHS-CAF11|  AFTCHEMSE | TOTE-TH CHEM 44 AT 7
TBCHS-CAF12 | ARTR-CHERHS TO7E-TH CHEM 44 24 042
THPVE-LF1 B-TPME- TO75-ThH VB 44 123,113
ThPMVE-LF3 F-TPNBL TO7E-Th PNVE 44 03,0246
ThPVE-L-FE B-To-ENE- TO7E-Th PVE 85 37,158
TOPME-LFS B-TPME- TO75-ThH VB 55 400,148
THPVE-LFE A-THPNEL TO7E-Th PNVE 44 123,302
THPVE-LFT B-TPME- TO75-ThH VB 44 4,088
TOPME-SF1 H-THPME-S TO7E-Th PNVE 55 5,448
TEPVE-5-F3 B-T-ENE-S TO7E-Th PVE 85 51,806
TOPME-FF4 B-TPME-S TO75-ThH VB 44 138,365
TOPME-5FS H-THPME-S TO7E-Th PNVE 55 37582
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TEPVB-5-F6 B-THEME-S TOTE-TE FvVB 44 117,817
TEPVE-5-FT B-THENE-S TOTE-TE PiVEB 55 24 518
Thsand-4-F1 A-TE-SAND-4 T075-TE | Hand Sanded 55 24 122
Thsani-4-F2 A-TE-SAND-4 TO075-TE | Hand Sanded 44 103, 766
Thsani-4F3 ATE-SANDS | TOTE-TE | Hand Sanded (] 24,108
Thsani-4-F4 A-TE-SAND-4 TO7TE-TE | Hand Sanded 44 31,340
Thsanid-4-F6 A-TE-SAND-A TO075-TE | Hand Sanded 44 2d,530
Thsaui-4-F7 A-TE-SAND-4 TO075-TE | Hand Sanded 55 33,802
Thsand-5F1 A-TE-SAND-S TO075-TE | Hand Sanded ] 1,337
Thsad-5-F A-TE-SAND-5 TOTE-TE | Hand Sanded 44 108, 7B
Thsand-5-73 Al-TE-SAND-5 TO7TE-TE | Hand Sanded 44 a7, 758
Thsand-5-F4 Al-TE-SAND-5 T075-TE | Hand Sanded 55 41,366
Thsai-5-5 Al-TE-SAND-5 TO075-TE | Hand Sanded 55 23,782
Thsand-5F7 A-TE-SAND-S TO7S-TE | Hand Sanded 44 42,344
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7075-T6 Notched Fatigue Data

Specimen

Sheet

e

Max et

S Panel O Aoy Trge St i) | OO 10 Flure
Thil-MNE-NF1 AFT-BASELINE-1 | TOTS-TE NONE 25.0 g5d4342
Thi1-Ki-NF4 ATB-BASEIINE-T | TOTS-THE NONE 20 = B93605
ThE1-NI-NF3 A-Th-BASELINE-1 | TO7E-TS MNIONE 28.0 23319
ThE1-NI-NFT A-Th-BASELINE-1 | TO7S-TG MNONE 5.0 16123
ThE1-NI-NF3 ATh-BASFIINE-1 | TO7S-TE MNONE 25.0 T45ITH
TEET-NI-NFID | ATh-BASFIINE-T | TOVE-TE NOME 250 257823
TeEI-NONFIT | APB-BASAINEY | TO75-Ta MNONE 5.0 15671
TeE1-NONF14 | AMTBR-BASELINE-T | TO7E-TE MNONE 5.0 16303
ThB2-MI-NF1 AFTB-BASELINE-2 | TO7S-TA MNIOMNE 25.0 345240
ThE2-NI-NF2 AFTH-BASELINE-2 | TO7E-TG MNIONE 21.0 = SZT433
Thi2-Mi-hF3 ALTH-BASEIINE-2 | TOTS-TE NONE 25.0 S2577
ThE2-HE-NFS ATh-BASEIINE-D | TOTE-THE NOME 25.0 E1832
ThB2-NI-NFT AFTH-BASEILINE-2 | TO7S-Ta MNIONE 3.0 To184
Thi2-Mi-hF3 AFTh-BAREIINE-? | TOTS-TA MNONE 35.0 11553
TEEZ-MD-NF11 | AMTR-BASELINE-? | TO7S-TE NONE 35.0 1764
TEE2-NONF1Z | ALTBR-BASFLINE-2 | TO75-TE MNOHNE 24.0 10000000
R e N -
ThERL-54-F1 B-Th-BARED-4 TO75-Ta NONE 35.0 11356
ToERL-84-F3 B-Th-BAKED-S TO75-Ta NDOME 26.0 BE16TS
ThERA-54-F2 B-Th-BAKEC-A TOTE-TE NOME 35.0 13036
THE®4-34-Fh H-Tb-BAKEDA TO75-Ta MNOME 23.0 1194252
ThEE4-34-FY Be-Th-BAKEA TO075-Ta NONE 20 4454541
Thakd-84-F11 B-Tb-BARED-4 TO75-Ta MNOME 25.0 221064
Thakt-BLF13 B-Th-BARED-A TO075-Ta NONE 25.0 51738
ThERA-BLFIS B-Tb-BARED T075-Ta MNIOHE 3.0 15325
THE® 5844 A-Th-BAKED-3 TO075-Ta MNONE 25.0 242341
THEES-34-F5 B-Tb-BAKED-3 TO75-Ta MONE 35.0 17185
THE®5-34-F1 N-Th-BAKED-3 TO75-Ta MNIOME 2.0 27308
ThEkS-BL-F10 B-Tb-BAKED-3 TO75-Ta MNONE 5.0 10387
ThEKE-84-F11 B&-Th-BAKE-3 TO75-Ta NDONE 25.0 TEa161
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THEHA-NFI AFTEETD-S TO7TE-Th Laser 35.0 14525
ThESLA-NFE E-TETD-S TOTS-Ta Laser 25.0 141192
ToES- A-NFh A-Te-ET0-5 TO7S-Ta Laser 35.0 12166
THESLA-NFY ATETD-S TO7E-Th Laser 35.0 14007
ThESLANF12 A-TEETD-S 107 5T Laser 25.0 HE5093
THEEHA-NF1 A-TE-ETDE TO7E-Ta Laser 25.0 Ao1002
ThEELA-MFS ATe-ETDHE TO7TE-TE Laser 5.0 TATET
ThSELA-WFT EFT-ETD-E T075-Th L3ser 35.0 15324
TESE-LL-WFT A-Te-ETD-B 07 5-Ta Laser 350 14571
TESELANFD ATE-ETD-E TO7T =T Laser 25.0 322085
TEC2-C1-MF1 AFTe-CHEM2 TO7TE-Th CHEM 35.0 14172
Th2-C1-NF2 ATe-CHEM-2 TO075-Ta CHEM 35.0 17385
TeC2-C1-MF3 A-Te-CHEM2 TO07E-Th CHEM 25.0 150263
Th2-C1-NFL A-Th-CHEM-Z T075-Ta CHEM 350 14545
ThC2-C1-MFE AFTe-CHEMZ TO7TE-Th CHEM 25.0 46415
TeC2-C1-MF2 AFTe-CHEMZ TOTS-Ta CHEM 25.0 E23E0
TeCZ-C1-NF1 A Te-CHE2 TO7S-Ta CHEM Z5.0 o747
TeCI-C1NF12 AT=CHEM2 TO7E-Th CHEM 35.0 14570
TeCICINFLS AFTeCHES TOTE-T7 CHEM 35.0 137E1
TeC2-CI1NFI4 ATe-CHE TO75-Td CHEM 250 B34ETO7
THCHS-CA- M1 A Te-CHENLE T075-Ta CHEM 350 20734
ThCHE-CE- N2 AFTe-CHE TO7E-Th CHEM 25.0 104597
ThCHS-CA-WF3 AFT-CHE TO075-Ta CHEM 250 T4
ThCHFOE- MR ATeCHEH TO7T =T CHEM 35.0 15654
ThoHFHCANAR ATeCHEHE TO7TE-Th CHEM 25.0 113376
ThCHSCE-NFT ATe-CHE TO075-Ta CHEM 350 12560
ToCHSC- N AT CHEM TO7E-Th CHEM 25.0 163809
ToCHSC-ND ATeCHEME TO7E-Ta CHEM 35.0 20643

ToCHCE-NF10 ATe-CHE T075-Ta CHEM 5.0 17222

TRCHFCANF12 AT CHEN TO7E-TH CHEM 25.0 ESS512
TePME--NF1 EFToPuE TO7S-Ta PMES 35.0 16229
TEPUE-E N2 EETHPWEA TO7E-Th PME 25.0 5
TEPME-ENF ALTePWEA TO75-Th PME 25.0 103875
TePME-ENE LETPNEA TO075-Th PME 35.0 14071
TePME-E-NFG ALTePWEA T075-Ta PMB 250 BOOEL
TEPME-SMFT ALTePWEA TO7TS-TE PME 35.0 16172
TEPME-5NFT AETEPWES TO7E-Th PME 35.0 ]
TePLE-5-RN72 ELTEOWEE 07 5-Ta PMS 25.0 EQ1ES
TEPUE-NE AETEPMES TO7TE-Th PAE 35.0 15858
TeFME-0-NF E-To-PWE- TO075-Ta PME Z5.0 Ta565
TEPME-5NFE LETePWES TO7E-T7 PME 35.0 12973
TEPME-5-MFT ALTEPMES TO7E-T8 PAMIE 25.0 3574
Tomand-2-871 AT ZANDH T075-Ta Hand Sanded 25.0 5335
Teeansi-2-4F1 AT-EANDHY T07E-Ta | Hand Sandeg 35.0 18506
Temarsi-S-4F3 AFTE-EANDH TO07e-Ta | Hand Sanded 5.0 16365
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Toge St g | Yol 2 e
HanoSanden | 250 £5513
HandSandes | 250 E3426
HanoSandes | aso 5795
HandSanded | aso 12343
HandSandes | 250 40476
Hand Sanded | 350 17763
Hand Sand=d | 250 5934
HandSandsd | 350 10460
Hand Sandsd | 350 25503
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