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FOREWORD

This work was performed as a joint effort between the Fatigue, Fracture, and

Reliability Group, Structural Integrity Branch and the Structural Concepts
Evaluation Group, Structural Concepts Branch of the Structures Division, Flight

Dynamics Laboratory of the Air Force Wright Aeronautical Laboratories. The

work was performed as a result of a cooperative effort proposed by The

Technical Cooperation Program (TTCP) technical panel PTP4 on repair. The

work was performed under Project 2401, "Flight Vehicle Structures and

Dynamics Technology," Work Unit 24010109, "Life Analysis Methods," from

October 1981 through April 1984.

Special thanks are given to Deborah Oliveira of Beta Industries for her help

in etching of specimens and constituent data analysis. Thanks is also given to

Harold Stalnaker for his aid in the testing of the specimens.
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SECTION I

INTRODUCTION
In general, conventional repair procedures are often time-consuming and

structurally inefficient. An improved repair method will increase availability of
service equipment and reduce maintenance costs. A standard repair of cracked
aluminum utilizes a metal patch bolted to the structure. The repair method
studied in this program is different from the standard repair in two ways. First,
the patch is made of composite material instead of aluminum. Second, the
patch is adhesively bonded rather than bolted to the cracked structure.

There are several possible advantages of an adhesively bonded, composite
patch over a bolted, metal patch. First of all, there are no severe stress
concentrations created with the bonded method since bolt holes are not drilled
in the cracked structure as they are with the bolted patch. Secondly, the
boron/epoxy patch itself is a stiffer, more fatigue-resistant patch than its
aluminum counterpart. The composite patch is also thinner than the aluminum
patch which can be especially valuable to the aerodynamics of the aircraft with
exterior patches. The composite patch is also easier to mold to curved irregular
surfaces. This is because the patch can be applied in its precured state, as
several layers of prepreg, and molded by hand to the shape of the component
to be repaired. Another advantage is that a composite patch can be "seen
through" with current non-destructive inspection (NDI) methods, such as C-
scan to monitor the crack growth of the structure. Lastly, the bond which
adheres the two materials also creates a sealed interface to help prevent
corrosion. [1] 1he Australians have used this method on operational aircraft
including repair of stress corrosion cracks initiating from rivet holes in Lockheed
C-130 aircraft wing-plank ribs and fatigue cracks in magnesium alloy landing
wheels. [1)

The project documented in this report was initiated by a request from the
Australian Aeronautical Research Laboratory to conduct a TTCP (The Technical
Cooperation Program) round-robin technical interchange studying the
application of advanced fiber composite patches to fatigue-cracked aluminum
alloy specimens. The objective of this program was to determine the effect of
composite patches on stress intensity and crack growth characteristics of
cracked aluminum. This was accomplished by studying metal thickness and
patch parameter (area, thickness, and ply orientation) effects on stress
distribution and crack growth rate of the composite patch aluminum specimen.
Both room temperature and elevated temperature (2500F) curing adhesives
have been studied.



SECTION II

ADHESIVE EVALUATION

The most critical part of the repair method is the adhesive It must transfer
part of the load to the composite patch and hold up under many load cycles.
The adhesive should also resist moisture and other environmental effects.
Another desirable property of an adhesive is a low or room temperature curing
cycle. Typical structural adhesives require curing temperatures of 250"F and
up. An advantage of the high temperature curing adhesive is the ease of
application as far as getting the right amount of adhesive for the repair. Getting
a thin, even distribution of the two part adhesives was difficult. The high-
temperature curing adhesives come in a roll with the adhesive on a carrier
cloth. Cutting off a piece the size of the bonded area is all that is required to get
the correct amount and distribution of adhesive. There are two reasons why a
room temperature curing adhesive would be more desirable for this application.
First, the patch will be easier to apply with a low-temperature curing adhesive. If
the adhesive needs to be heated up to 2500F, heating blankets or some other
heat source will be required to bring the material to temperature. This could be
troublesome, particularly for anything other than a depot-level repair. This type
of heating may also require a significant amount of power if the repair is being
made on the aircraft with the entire metal structure acting as a hetl sink. The
second reason for favoring a lower temperature curing adhesive is the
differences in coefficients of thermal expansion between aluminum and
composite materiais. Aluminum has a coefficient of thermal expansion much
higher than most composite materials, When the aluminum, adhesive, and
composite patch system are brought up to temperature, the aluminum will have
expanded much more than the composite patch. After the cure time, the system
is cooled to room temperature. Now the aluminum and composite are coupled
as one structur owing to the bond. This causes the specimen to warp,
inducing bending stresses into the structure.

Three adhesives were chosen foi initial single-lap shear tests to determine
tho relatve merits cf each. AF163 was urnosen as the high-temperature (2500F)
adhesive because it was being used in-house on other programs and was
readily available. The adhesive used contained a carrier cloth. Two room
temperature cure adhesives were also acquired from 3M to apply precured
patches at room temperature. The first, 2216, is an off-the-shelf adhesive, while
1 XB-3525 is an experimental two-part adhesive. Table 1 shows some trends of
these adhesives. The 22,i6 gave reasonable results with both adherends made
of epoxy. However, 2216 bonded to aluminum had half or less than half of the
shear strength with epoxy/epoxy adherends. The 1XB-3525, however, shows a
much less significant drop between epoxy-bonded and aluminum-bonded
specimens. Results for 1XB-3525 are close to that of AF163. Considering the
two specimens each for AF163 and 1XB-3525, each having one adherend of
aluminum and one adherend of epoxy, results show an average shear strength
of AF163 to be 3793 pounds and 1XB-3525 to be 3590 pounds, a 5.3%
decrease in shear strength. Although tnese appear to be very good results f(.r a
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room tempo,.Lure cure adhesive, the performance of the repaired specimens
using 1XB-3525 was not acceptable in most cases. Precured patches bonded
on wih these adhesives failed adhesively at less than test load. The reasons
for this were not established and shoula be studied in further work. Work with
these adhesives was then dropped from the program. As a part of the program
the Australians had good success using Ki 38 room temperature cure
adhesives with simple acid cleaning and an oven dry of the surfaces. This
adhesive and cleaning was adopted for the room temperature phase of this
program.
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SECTION III

SPECIMEN FABRICATION

The 1/16-inch and 1/8-inch specimens were constructed with 2024-T3
aluminum and the 1/4-inch specimens were constructed with 2024-T351
aluminum. Specimens were cut to 3 7/8 inch by 18 inch. Width of the
specimens was limited to a maximum of 4 inches, owing to the width of the test
grips. Edge cracks in the specimens were grown from 0.050-inch notches
made by a band saw blade. After notching, the specimen was cycled with the
same type of loading it would see after being repaired in order to initiate a
crack. The crack length was measured periodically, and cycling was stopped
when the crack grew to approximately 0.3 inch (a/w = 0.08, with 'a' being the
length of the crack and 'w' being the width of the specimen). Both
graphite/epoxy and boron/epoxy were considered for use in this program. For
this application graphite/epoxy offers three advantages. First, graphite/epoxy is
less expensive and more widely used in the aerospace industry than
boron/epoxy. Second, graphite fibers are easier to handle (less likely to cause
skin punctures) than boron fibers. Third, graphite fibers can be formed into
smaller radii of curvature than boron fibers. This allows a patch to be more
easily formed to odd shapes. There are also three advantages of boron/epoxy
over graphite/epoxy. First, boron is stiffer than graphite and should make a
more fatigue-resistant patch. Second, boron has a coefficient of thermal
expansion an order of magnitude higher than graphite. This helps keep the
problem of induced stresses due to warping at high cure temperatures to a
minimum. Third, boron in contact with aluminum does not cause the galvanic
response as graphite does. Graphite/epoxy patches would require a layer of
noncorrosive material at the aluminum surface which would require the depot to
store an additional repair material. Considering the trade-offs between these
two materials, the boron/epoxy was chosen. The additional cost of the boron
does not carry too much importance because of the small amount of material
being used. The personnel hazard of possible puncture wounds can be
minimized with proper care. The smaller radius of curvature would be important
in some cases, but the added stiffness, combined with the reduced problems of
induced stresses and corrosion, outweigh the benefits of graphite.

Figure 1 is a drawing of a typical patched specimen. The patches were
tapered across the thickness to reduce stress concentrations due to edge
effects. Table 2 lists the layup and dimension for the boron patches. Layups
one and four were obtained from work done for the Navy by Northrop. [3] The
other patches were designed to be more orthotropic and perform in more
general stress fields. Before the patches were bonded, the surface of the
aluminum was treated with a phosphoric acid non-tank anodize (PANTA) as
specified in Reference 4 and listed in Appendix I. AVCO 5521/4 boron epoxy
was used to help control the induced bending stress problem due to differences
in coefficients of thermal expansion. This system requires a 250°F cure as
shown in Appendix 1 instead of the 350°F cure which the more commonly used

5



5505/4 system requires. When the lower (below 2500F) cure adhesives were
used, the patches had to be precured before being bonded to the aluminum.
This procedure is also listed in Appendix 1.

TABLE 2
Patch Layups and Dimensions

Inner Outer
Patch Diameter Diameter
Number Patch Layup (in.) (in.)

1 (02,90)s 1.94 2.14
2 (±45,90,0)s 1.94 2.34
3 (±45,902,02)s 1.94 2.34
4 (±45,02,90,03) 1.94 2.24
5 (±45,02,902,0)s 1.94 2.54
6 (0)3 1.94 1.94
7 (0)4 1.94 1.94
8 (0) 5  1.94 1.94
9 (0)7 1.94 2.34
10 (0)12 1.94 2.34
11 (0)16 1.94 2.54

Before bonding, the bottoms of the precured patches were sand-blasted and
cleaned with acetone and then distilled water. The surface to be patched was
treated with Micro-Measurement Al Conditioner, a surface cleaner. This was
placed on the surface for 10 minutes and then cleaned off with distilled water.
Then the specimens and patch were held at 100°F for 1 hour to remove
moisture. K138, a two-part adhesive, was first properly mixed, then applied in a
thin, even bondline to the patch. The patch was then placed flush to the edge
of the aluminum and centered over the crack. Weights were placed on the
specimen to provide about 2 psi pressure. The weights were separated from
the specimen with a layer of non-porous material to keep the adhesive off of the
weights. The system was then heated to 100°F for 24 hours to cure the
adhesive. Two sets of precracked specimens were sent to the Australian
Aeronautical Research Laborato.ries, patched, and returned for testing. These
specimens were repaired by three different methods, using three different
adhesives chosen by ARL. Half of the first set we.e repaired by cocuring the
patches in place with FM73 adhesive. These were cured at 1 760F for 8 hours.
The other half were repaired by bonding precured patches with the K138
adhesive. These were cured in place for 8 hours at 104°F. The final set was
repaired with cocured patches using AF126 adhesive. These were cured at
150 OF for 8 hours.

6
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SECTION IV

TESTING
Testing was done with several variables including room-temperature cure

adhesives, high-temperature cure adhesives, metal thickness, single and
double-sided patches, patches varying in layup, shapes, material, constant
amplitude and flight spectrum loading, and some repairs done in Australia.
Appendix II lists the specimens tested with their respective variables.

While most patches were single sided, a few were patched on both sides. In
most cases, a single-sided patch is all that would be practical, since typical
repairs do not allow easy access to both sides of the structure. However, with a
thicker specimen, particularly the 1/4-inch specimens, the repairs were not
extending the lifetime of the aluminum nearly as long as on the thinner
specimens, owing to the stress variation across the thickness of the aluminum.

* Double-sided patches were then tried to see if this effect could be overcome.

Two different types of loading were used during the testing. The simpler
loading was constant amplitude with an R ratio (minimum stress divided by
maximum stress) of 0.1 and a maximum load of 20 KSI. The other loading is
called Falstaff Flight Spectrum, an abbreviated version of the Falstaff Spectrum
[2]. Figure 2 shows the loads seen by the specimen during one flight of the
Falstaff Flight Spectrum. Maximum stress under this loading was 20 KSI and
minimum load was -2.7 KSI. Guides were used on the specimens to prevent
buckling during compression loads.

Falstaff

100

80

FULL 60
SCALE

40

20

0
0 20 40 60 80 100 120 140

-20

cycle number

Figure 2. Falstaff Short Spectrum
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Two major modes of failure were found during the tests. Figure 3 shows the
patch failure mode. Here the patch fractures with the aluminum. The adhesive
does not fail, except locally over the crack itself. Figure 4 shows the adhesive-
type failure modo In most cases, the adhesive failed cohesively. The lower

r-" temperature cure adhesives provided some exceptions with the adhesive failing
adhesively.

Figure 3. Patch Failure Mode

Figure 4. Adhesive Failure Mode

X Baseline Panel Testing

The material for baseline panel testing was not cured under the normal 100
psi in order to simulate the way a patch would be applied under field
conditions. Therefore we cured a small panel under the same conditions as
the patches used in the repair (250+ F and full vacuum pressure) to check some
basic material properties. The patches on the aluminum carry loads through

tt)



.J .

tension and shear; therefore, Oc tensile, short beam shear and 00 flexural tests
were examined for the panel testing.

A typical ply of the boron prepreg is composed of a single layer of boron
fibers laid up on a scrim cloth and impregnated with epoxy. Some of the initial
patches were laid up with scrim-to-scrim in some layers and boron-to-boron in
other layers. There was a question whether this would have an effect on shear
and flexural properties. Therefore, a second panel was laid up and cured. This
panel started with an outer scrim layer, then two boron layers together, then two
scrim layers together, and so on for the eight plies. The first panel was laid up
with no adjacent boron or scrim layers. Both panels were bled the same and
followed the same cure cycle as the patches. The results of the material test
specimens are listed in Table 3. Only very smalI differences were noted
between the two panels, indicating the placing of scrims together was not a
major problem in this application.

Table 3
Material Property Tests

Panel A Panel B

A. Tensile Ultimate Load (KSI) 168 200
221 213
179 187

Avg. 189 200

B. Short Beam Shear (KSI) 11.3 12.0
12.1 10.8
12.9 12.2
10.1 10.9
11.5 11.6
10.4 9.7

Avg. 11.4 11.2

C. Flexural Strength (KSI) 267 226
287 272
288 266
303 261
289 308
279 287

Avg. 285 270

10
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D. Flexural Modulus (MSI) 21.5 20.9
25.6 24.4
26.1 22.5
27.1 22.5
24.9 26.4
24.3 23.2

Avg. 24.9 23.3
Panel A. 8 Ply with Alternate Scrims
Panel B. 8 Ply with Scrms Together

In order to confirm the existence of a difference between the crack length at
the bond surface and at the opposite surface, one specimen had marker bands
placed on the crack during the test. The marker bands were generated by
cycling the specimen with the same maximum load but R=0.85 for enough
cycles to add an additional 0.01 inch to the crack at 5-thousand-cycle intervals
during the test. This creates a mark on the fracture surface which is different
from the normal fracture and can easily be measured after the test is complete
and the specimen is broken. X-ray and ultrasonic techniques were also tried in

6order to measure the crack length difference during the test, but were not
accurate enough to measure the difference. Table 4 lists the measured data for
a 1/8-inch-thick specimen patched with a rectangular patch of 5 plies cf
unidirectional boron. This confirms that the crack length on the nonpatcFd
side is longer than the patched side. This explains why the single-'. u,?d
patches are more effective on the thinner (1/16-inch) materials. With th? t;c' - :
aluminum, particularly the 1/4-inch-thick specimens, the variation of thp ctss
across the thickness of the metal is high, which renders the patch relatively

*' ineffective.

Table 4
Crack Length Differences

Patched Side (in.) Unpatched Side (in.) Difference (in.)
.312 .407 .086
.455 .552 .097
.657 .753 .096
.913 1.013 .100

1.342 1.403 .060
2.007 2.065 .058
failed failed

$&A6



SECTION V

RESULTS

An A versus N (crack length versus cycles) curve is shown in Figure 5. The
initial cracks grown from the 0.050-inch notch varied in length, as can be seen
in the figure. In order to compare the different patches, a common starting point
must be found. This was done by shiftng the various curves horizontally (along
the X-axis) until the curves intercepted the Y-axis (crack length) at the desired
point. Due to the nonlinearity of the A versus N curve, it is also best to have this
reference point constant across specimens of equal thickness. When these
curves were shifted along the X axis, the bseline enters the highly curved
portion, while the repaired specimen A vs N curve was still in its flat, linear
portion. A much larger percentage of the baseline specimens' life will be lost

-,. than will the repaired specimen. The starting point used for both 1/8-inch and
1/16-inch specimens was 0.34 inch. Once this point was established, we then
compared the effectiveness of difterent patches by computing their lifetime
extension.

.1

. = T CRACK LENGTH FOR 1/16 IN
3.0 I TH A (02'90)s PATCH 0

AND UNPATCHED 0

2.0
CRACK 2.0 0

LENGTH (IN) .

1.0 *~' 9UNPATCHED

0.5 #X */PATCHED
0 .0 I --4--:---

0 20 40 60 80 100 120 140 160 180
CYCLES X 1000

Figure 5. Typical Cycles vs. Crack Length

Figures 6 through 10 are summary bar graphs of life extension for different
patches, aluminum thickness, and loading methods, as specified. The baseline
specimen life (1/16-inch constant amplitude) was 7,065 cycles from a 0.34-inch
crack to failure. Table 5 lists the baseline specimen lives for each thickness and
loading type. As can be seen in Figure 6, most of the patches here performed
wel. The (±45,90,O)s patch was the worst, but still showed a life extension of
16.4 times. All other repairs in this group yielded life extension averagf,., ;o1,

. 19 to 22 times the baseline life. The first four columns used AF163 adhesive
cured at 2500F. Column 6 in this figure is of a single specimen repaired by the

1 2
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Australian Aeronautical Research Laboratory (ARL) with a (04 )patch and a
104 0F cure adhesive, K138. This single specimen had a life extension of 22.1
times, which is as good as the average extension of the (±45,902,02). patch.

Two (04) repairs done by ARL shown in column 7 using AF126 at 250°F also
performed well, with an average life extension of 19.6 times.

Table 5

Baseline Values

Constant

1/16 in. 7065
1/8 in. 3804
1/4 in. 1154

Falsataff

1/16 in. 1033
1/8 in. 549
1/4 in. 289

1/16 INCH PANELS
25

20-

15'
LIFE

EXTENSION ,

10 _U)

5 0N ,0, o

+1 +1

0 -! -4 , + -- . 4 -

ADHESIVE AF163 AF163 AF163 AF163 FM73 K138 AF126

Figure 6. 1/16-Inch-Thick Constant Amplitude Tests

The differences in the patches were much more pronounced under the

Falstaff Flight spectrum loading. As shown in Figure 7, the (±4 5. 9 02,02)s patch
clearly performed better than the others, yielding a life extension of 21.8 times.
The life extension of unidirectional layups decreased significantly under the
spectrum loading. The last two columns show data (03) and (05) patches,
respectively. Even the (05) had a significantly lower life extension than the
(±45,902,02)S patch, unlike the constant amplitude case where the (04) patches
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had performed roughly equivalently to the (±4 5 ,9 02, 0 2)s patch. The ARL
repaired specimens in column four used AF126 cured at 250'F.

25 1/16 INCH PANELS

20

15LIFEEXTENSION 0
10 -

(14 
0 -- .F

ADHESIVE .F163 AF163 AF163 AF126 AF163 AF163

Figure 7. 1/16-Inch-Thick Spectrum Testso
PT- Overall, the 1/8-inch specimens tested at constant amplitude and plotted in

Figure 8 did not show quite as great a life extension as the 1/16-inchV. specimens. Here the (07) specimens repaired by the ARL using AF126
adhesive with a 250°F cure performed the best with a life extension of 17.7
times, nearly as good as the 1/16-inch specimens. However, the single ARL
repaired (07) specimen using the K138 adhesive, 104°F cure showed a life
extension of only 8.3 times. Recall that the K138 with a (04) patch on the 1/16
inch specimen with constant amplitude loading performed very well. The
(±45,02,90,03) specimen did a little better than the (07) K133 repaired
specimen, and the (±4 5 ,02, 902,O)s specimen had an average life extension of
11.4 times.

1/8-INCH PANELS
10-

6 16

14

12

LIFE 10 .
SEXTENSION 8 .

6 ,;

4 .

2-2 +2 I -,- , ,

0--
AF163 AF163 AF126 K139

Figure 8. 1/8-Inch-Thick Constant Amplitude Tests
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The Falstaff flight spectrum loading of the 1/8-inch specimens shown in
Figure 9 again showed a large relative drop in life extension with the
unidirectional patch repairs. The top-performing patch here was the
(±4 5 ,0 2,902,O)s patch, with an average life extension of 7.3 times, while the ARL
repaired (07) using the AF126 adhesive and 250°F cure had an average life
extension of 6.3 times. Column 4 shows the results of a (07) patch repair using
K138 adhesive, 104°F cure, and an alternate aluminum preparation method.
Here the aluminum was sand-blasted, cleaned, and treated with Micro
Measurement Conditioner A-1 instead of being etched with the PANTA process.
The average life extension for these specimens was 4.8 times, very close to
that of the single (07) specimen using AF163 and a 250°F cure (4.9 times). Still
another (07) specimen, this time repaired by the ARL with a 176°F cure and
FM73 adhesive, showed a life extension of 6.8 times.

1/8-INCH PANELS
8-

7

6

5 "I
LIFE

EXTENSION 5 D

2 +

++1 o

0 t - - -

AF163 AF163 AF126 K138 FM73 AF163

Figure 9. 1/8-Inch-Thick Spectrum Tests

Since the baseline lifetime of the 1/4-inch specimens was much shorter than
the 1/8-inch or 1/16-inch specimens, direct comparisons between these
different thickness specimens cannot be made. Using a 0.26-inch crack as the
starting point for comparison, a (012) patch under constant amplitude loading
had an average life extension of 15.8 times (see Figure 10). Under Falstaff
flight loading, a (012) specimen showed a life extension of 4.8 times, while a
(016) specimen showed an extension of 6.3 times. All of the above specimens
used a PANTA aluminum preparation and AF163 adhesive with a 250°F cure.

I'v
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16.. 1/4-INCH PANELS

"." 14 -

12- CA-CONSTAtiT AMPLITUDE

SP-SPECTRUM FATIGUE10
LIFE

EXTENSION8 [

6--

4 UN

2

AF163 AF163 AF163 AF163 AF163

CA CA CA SP SP

Figure 10. 1/4-Inch-Thick Specimens

4i The repairs done using patches on both sides of the cracked specimen were
extremely effective. Although crack lengths could not be monitored while the
specimen was being tested without removing it from the test machine, the three
double-sided 1/8-inch specimens and the one 1/4-inch specimen all cycled well
past the best of the single side repaired specimens. For example, the 1/8-inch
specimens ranged from a low of 288,000 constant amplitude cycles to a high of
1,244,000 cycles, but all these specimens failed outside the patched area. The
1/4-inch double-sided specimen cycled for 178,000 cycles. Figure 11 shows
these results.

DOUBLE-SIDED PATCH
250-

200

LIFE C1
150

EXTENSION

100-

50 ,-

C o +1
4 0' I- --- 4 -4- -I.

AF163 AF163 AF163

.1 8 INCH 1 /8 INC:h '4 T

Figure 11. Results of Double Sided Patches
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS
Overall, the patches were very effective in slowing down crack growth in the

repaired specimens, particularly the thinner material (1/16-inch aluminum). The
variations of the stresses across the metal seem to limit the effectiveness in the
thicker specimens. The patches having more balance between 0°, 450, and 900
plies performed better under the Falstaff flight spectrum loading, including
compression, than did unidirectional patches. The (±45,902,02)S was the best
performing patch for 1/16-inch-thick aluminum, as was the (±45,02,902,0)s patch
for 1/8 inch aluminum. The low-temperature (104'F) curing adhesive, K138,
performed very well in some circumstances, but lacked the consistency of the
250 ° F curing adhesives. This may have been due to the fact that the K138 is
more difficult to apply correctly than the other adhesives because it is a two-
part adhesive, whereas the higher temperature adhesives are carrier cloth-type
adhesives which are easy to get the required even thickness distribution across
the adherends

The results of this program have application at a depot level where controlled
surface treatments can be completed, regulated heating is available, and
special techniques can be used to apply the requircd pressure for a proper
cure. In a remote field location or in a rapid battle-damage situation, equipment
for this type of bonding will probably not be available. The potential exists to do
this type of repair using room temperature cure systems in wet layups with
graphite or fiber-glass cloth. Further work needs to be done in this area.

1 7
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APPENDIX I
FABRICATION PROCEDURES

Before the patches were bonded, the surface of the aluminum was treated with
a phosphoric acid non-tank anodize (PANTA) as specified in Reference 4. The
following steps were used:

(1) Solvent-wipe with MEK

(2) Abrade with nylon abrasive pads

(3) Dry wipe with clean gauze

(4) Apply a uniform coat of gelled 12% phosphoric acid

(5) Place three layers of gauze and apply enough gelled phosphoric
acid to completely saturate a piece of stainless steel screen over the coating.
Apply another coating of gelled phosphoric acid

(7) Connect the screen as a cathode (.) and the aluminum as an anode
(+) for a D.C. power source

(8) Supply a potential of 6 volts for 10 minutes

(9) Remove screen and gauze

(10) Moisten clean gauze with water and lightly wipe off the remaining
gelled acid. Rinse the surface with water within 5 minutes

(11) Force air oven dry for 30 mioutes at 150OF

(12) Examine the surface with a polarized filter rotated 900 at a low angle
of incidence to the specimen. A properly anodized surface will show an
interference color

(13) Repeat 4 through 12 if no color

(14) Coat anodized area with American Cyanimid's BR127 primer

(15) Wrap in Kraft paper until need for patching

AVCO 5521/4 boron epoxy was used to help control the induced bending
stress problem due to differences in coefficients of thermal expansion. This
system requires a 250OF cure instead of the 350'F cure which the more
commonly used 5505/4 system requires.

,'
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The following procedure was followed in patching the precracked

specimens:

(1) Add one layer of AF1 63 to the bottom of the patch

(2) Center the patch over the cracked area of the specimen

(3) Place a layer of non-porous material over the patch

(4) Place 2 layers of glass vent cloth over the non-porous and extend to
a vacuum port

(5) Place a vacuum bag over the patching area and draw a minimum of
28 in-Hg

(6) Heat the specimen to 250OF at 50F per minute with a heat blanket or
heated platen

(7) Hold at 250°F for 2 hours

(8) Allow to cool to less than 140OF before removing vacuum

(9) Ultrasonically inspect specimens for disbonds

When the lower (below 2500F) cure adhesives were used, the patches had
to be precured before being bonded to the aluminum. The precured patches
were laid up individually and cured as follows:

(1) Place a layer of non-porous material over the patch.

(2) Place two layers of glass vent cloth over the non-porous and extend
to a vacuum port.

(3) Draw a minimum of 28 in-Hg vacuum.

(4) Heat to 250°F at 50F per minute.

(5) Apply 85 psi pressure,

(6) Hold at 250IF for 2 hours.

(7) Allow to cool to less than 140OF before removing vacuum.

(8) Ultrasonically inspect specimens,

2()
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APPENDIX II

TEST SPECIMEN LIST

SPECIMEN # THICKNESS 1/16

LAYUP BASELINE

PATCH CHAPE NONE
CURE SYSTEM NONE

TEST TYPE SINE TEST LEVEL 20000

INIT°AL CRACK LENGTH .000

FAILURE CYCLES 37100

FAILURE MODE ALUMINUM FATIGUE

SPECIMEN # 2 THICKNESS 1/16
% LAYUP (0/0/-45/45/0/0)

PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 20000

INITIAL CRACK LENGTH .303
FAILURE CYCLES 138000

FAILURE MODE PLUMINUM AND BORON FATIGUE

SPECIMEN # 3 THICKNESS 1/16

LAYUP (45/-45/90/0) S
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250F

TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .300

FAILLRE CYCLES 130600

iLU;E MODE COHESIVE BOND

=ECiimEN # 4 THICKNESS 1/16

:cTCH S-APE SEMICIRCLE
S Cd-E SYST~r , COCURE l5e F

7" 1 VP-E SINE TEST L;EE 270g0
I T L ,r , LE v-T, h

C- , CY LE9 0
j I RE ,:: ORON AND ALU-:Ni'jJ FATIGJE

-- P (s 1,/-L,5;9,,/?.) S
a.ATCH S1DE SEMICIRCLE

C.7 F '3TEM LCLUFNED 7 0 F
SEET T C PiNE TEST LFVEL
,, : H'L C 1:4C .,L. - -- ,1 . 3o8

-CiILUC.E CYv.]LES !i- 0 0

r-A-LURE r i-,E DO:C-I'4 ANrD ALUfsiN UM FATiGJE

S; ECIMEN # 6 THICKNESS 1/16
LAYUP (45/-459 / S, /0 ) S
PATOH SHAPE SEMICIRCLE

CURE SY'STEM COCJRE ,='50 F
T T- c Si 1E TEST LEVEL aO0010

7Nr TilL CFIALI/ L.E;,.GTH .4)-

i4: 'TUPE CYCLES 131000
FA-LRE MODE tORON AND ALUMINUM FATIGjE
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SPECIMEN # 7 THICKNESS 1/16
IAYUP (4'-I-4)1901901010) S

PATCH SHAPE RECTANGLE
CURE SYSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .298
FAILURE CYCLES 173000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # a THICKNESS 1/16
LAYUP (0/0/9z)
PATCH SHAPE RECTANGJL-AR

CURE SYSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .303
FAILURE CYCLES 225000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 9 THICKNESS 1/16
LAYUP (0/0)
PATCH SHAPE RECTANGULAR
CURE SYSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL a000
INITIAL CRACK LENGTH .304
FAILURE CYCLES 97000
FAILURE MODE BORON AND ALUMINUM FATIGUE

NECEN # 10 THICKNESS i/16
LAiY UP (5-,'/0S

PATCH SHAPE RECTANGULAR
CURE SYSTErM COCURE 250 F
TEST TYPE STNE TEST EVEL 0 0
:r-IT>L CRACK LENGTH .301

14! LU E C, ES !58J

F :LURE MCDE BORON AND ALUVi'INUM FATIGUE

S PECr-2Er, 11 THICKtZS S
LA 'P, p 0/0/90)S

PATCH iPE SEMICIRCLE
CUR7E c STy7 COCURE 250 F

d

TEST TV'PE- SINE TEST LEVEL 00
if.iT1AL CRACK LENGTH .14
FAILURE LC-, EY 170EI 0
FAILURE MQDE BORON AND ALUMrNUM FATIGUE

SPEC r1EN # i THICKNESS Ii

Il

4 PATCH SHAPE SEMICIRCLE
CURE SYSTErM COCURE 25'0 F
TEST TYPE SINE TEST LZVLL 200
Ik iTiAL CRACK LENGTH ,3i4

* FAILURE JYCuESI00
FAILURE MODE BORON AND ALUMINUM FATIGUE
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SPECIMEN # 1 THICKNESS 1/16
LAYUP (') S

PATCH SHAPE RECTANGULAR (1/i. WlDTH)
CURE SYSTEM COCURE F~TS YESIETS EE
IESTIA TYPE K LENGT TE T EV L,0 0
INIIL CYACLE GT 26eiZ

FAILURE MODE EBORON AND ALUMINUM FATIGUE

SPECIMEN # 14 THICKNESS 1/16
LAYUP BASELINE
PATCH SHAPE NONE

CURE SYSTEM NONE
TEST TYPE SPECTRUM TEST LEVEL 3500

~INITIAL CRACK. LENGTH 1 "79
FAILURE CYCLES 150
FAILURE MODE ALUMINUM FATIGUE

SPECIMEN # 15 THICKNESS 1/16
LPYUP BAPSELINE

4PATCH SHAPE NONE
CURE SYSTEM NONE
TEST TYPE SPECTRUM TEST LEVEL 00

Y NITIPL CRACK LENGTH .137
PAILURE CYCLES ~ 74
Fi:,LLJRE NODE ALUMINUM FATIGUE

s;c #E I~1 THICKNESS 1/16
LAYUP 9- S 1 rLE;
PATCH S~nADE NO N
CURE SYSTEM, N"I
7--------N~ T~T~r TEST LEVEL L

:r~T:~ C;:KLENGTH q;.
RR-ILURE CY'LZS GI

Ff:lLWRE 'ODE P, LL" r", I E y ATIG-UE

ES ''ESPEZ7RJty; TEST LEQVEL Lzc

-URZ CYrC'E3 E.5 4
4 F J:-IJRE ODEEDRON ArlD ALUMINUIM FATIDU31E

sH>.AJrIDDE LEN1T T r i' EKN E GS 1/16

TEST TVPE SPECTRUM TEST LEVEL a.-02
I I IAL CRACKLEGH .Z

-L.URC CYCLES 13258
FAP'URE MODL BODRON AND ALUMINUM FATIGUE

19A .-A ~A W A' AU kPO&M..J or& "K%~ ~ W.1 4. V' . AN W-. WuJ W~l gW/ WJ~U. JUXUV! W~ v-fdW



SPECIMEN # 19 THICKNESS 1/8

LAYUP BASELINE
PATCH SHAPE NONE
CURE SYSTEM NONE
TEST TYPE SINE TEST LEVEL 20000

INITIAL CRACK LENGTH .03
FAILURE CYCLES 39919
FAILURE MODE ALUMINUM FATIGUE

SPECIMEN # 20 THICKNESS 1/8
LAYUP (45/-45/0/0/90/0/0/0)
PATCH SHAPE SEMICIRCLE

CURE SYSTEM COCURE 250F
TEST TYPE SiNE TEST LEVEL 20000
INITIAL CRACK LENGTH .51a
FAILURE CYCLES 30000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 21 THICKNESS 1/8
LAYUP (45/-45/0/0/90/90/0)S
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 0000
INITIAL CRACK LENGTH .303
FAILURE CYCLES 52000
FAIuURE MODE ALUMINUM FATIGUE AND COHESIVE BOND

SPECIM;EN # 6- THICKNESS 1/8

LAYUP (45/-45/0/0/90/0/0/0)
PATCH SHAPE SEMICIRCLE
CURE SSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL Z'0 0
1NIIAL CRACK LE'JGT .c297
FAILURE CYC.ES 350 0
FAIL.URE NODE COr:ESIVE BOND

SPECIMEN # T-ICKNESS 1/8
LAYUP (S4/-45/ ,"2/90/0/0)S
PATCH SHAPE SErICIRCLE
CURE ESTEi COCURE 250 F
TEST TYJE SINE TEST LEVEL 20001

IPI A_ CRACK LENGTH .3c6

F- iLURE CYCuES 4 000e,

r-ALJRE r1D E BORON AND ALUMINUM FATTGUE

-- 24 THICKNESS 1/8
LA'UP (L5/-45/0//90/O/0/Q)

PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
E TYPE SINE TEST LEVEL. 0000
INITIAL CRACK LEN7TH .307

FAILURE CYCLES 35437
FAILURE MODE BORON AND ALUMINUM FATIGUE
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SPECIMEN # 25 THICKNESS 1/8
LAYUP (0)5 REC Ile- WIDTH DOUBLE SIDED
PAC'-H S-IAPE RECTPNGULAR

CURE SYSTEM 'OCURE 2,510 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .317
FAILURE CYCLES 288000
FAILURE MODE ALUMINUM FATIGUE OUTSIDE PATCH

SPECIMEN 26 THICKNESS 1/8
LAYUP (0)5 DOUBLE SIDED
'ATCH SHAPE RECTANGULAR

CURE SY.;TEM COCURE 250 F
TEST TYPE SINE TEST LEVEL
INITIAL CRACK LENGTH .308
FAILURE CYCLES 506000
FAILURE MODE ALUMINUM FATIGUE OUTSIDE PATCH

SPECIMEN # 27 THICKNESS 1/8
LAYUP (0)5 DOUBLE SIDED

k -., PATCH SHAPE RECTANGULAR,-J CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 20 000
INITIAL CRACK LENGTH .312
FAILURE CYCLES 1244000

,URE- MOD ALUMINUM FATIGUE OUTSIDE PATCH

S CiMEN # THTCtKNESS !1/8
L,YUP (0)3 DOUDLE SIDED
:,pTC C SHAPE RECTANGULAR

CURE Y STE r. COCURE 250 F
T. 'PE S:NE TEST LEVEL

-/" l,.I- CRACK LENGTH .434
--A CL C -CES -2493

F:ILJ.E iODE AL)JMIrl.'J FAT IGUE CLTSIDE PATCH

;,,
-1-=2; Z ;; -19 1 CN S i/8

-. - -,NONE

, ;''E SPECTRUM TEST LEE " -
r [:. CPACK LENGCTH . 0o0

Fr'.E CYC'S 1413
'- F AiL,:ijE PrDE ALUM INUM, FATiG JU

." ECIN # 3THICKNESS 1/8
-" AVU SASEL Ir,.E

l.P PT -I -F,.PE NONE
CL; E £'STEI NONlE

7L: ,7T -YP;7 SPECTRUM TEST -ZL 2000Z

. L qCRCK, LENGTH Q". C

F ILURE CYCLES
FAILURE PMODE ALUMIINUM FATIGUE

25
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SPECIMEN # 31 THICKNESS 1/4
LAYUP BASELINE
P ATCH SHAPE NONE
CURE SYSTEM NONE
TEST TYPE SINE TEST LEVEL Z0000
INITIAL CRACK LENGTH .000
FAILURE CYCLES 20000
FAILURE MODE ALUMINUM FATIGUE

SPECIMEN # THICKNESS 1/4
•LAYUP- (405/-45/0/0/90/90/0)S

PATCH SHAPE SEMICIRCLE
%i CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 20000
TNIT7 1 CRACK LENGTH .318
FAIL --LES 5000
FAIL .)E BORON AND ALUMINJM FATIGUE

SPECIMEN # 33 THICKNES-2 1/4
LAYUP (45ci/-45 /O/O/90/O/O/0)-rOUBLE SIDED

* PATCH SHAPE RECTANGULAR
CURE SYSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .280
FAILURE CYCLES 178000
FAILURE MODE BORON AND ALUMINUM FATIGUE

.,CI'EN 4 TH-CKNESS 1/16
LAYUP k0//90) S
p 1;TCH SH'.A PE SEi, ICI RCLE
CURE SYSTEM COCURE 250 F
TEST TYE SPECTRUM TEST LEVEL 'N'000

• . -- TAL RAk:LENGTHr 2983

FLURE Ci'F: ES 3 Zia
;.*_Uf -E ,'.._BORON AND ALUMIr:UM FATIGUE

• S &'-*,Z~q-5 THINESS :/8
L¢ UJ ('7)5[!t A -i SIAPESEMICIRCLE

.U. 'STE. COCURE 250F
TST T?!_E SPECTRUf TEST LEVEL 2-0002,

TLCRACK LEN3TH .335

FA_:LURE C,".ES
F iLLIRE NCDE 5"'*COHESI VE 1 5,Z,%ADr-;ES VE

S9C i E>. # 236 THICKNESS 1/8
L.AYUP ('7)5 GRAP)1ITE
S'PTCH SHAPE SENi ICI RCLE
CURE SYSTEM COCURE 350 F
7=57 TYPE SINE TEST LEVEL L0, 00

:TAL RAK LENGTH .267
FAILURE CYCLES
FAILURE ryDE BORON AND ALUMINUM FATIGUE



SPECIMEN # 37 THICKNESS 1/8
LAYUP (45/-45/0/0/90/90/0)S
PATCH SHAPE SEMICIRCLE
CURE SYSTEM CICURE 250 F
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .317
FAILURE CYCLES 4166
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 38 THICKNESS 1/4
LAYUP (0)10 GRAPHITE
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 350 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .400
FAILURE CYCLES 5000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 39 THICKNESS 1/8
LAYUP (45/-45/0/0/90/0/0/0)
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .319
FAILURE CYCLES 3012
FAILURE MODE COHESIVE BOND

SPECIMEN # 40 THICKNESS 1/16
LAYUP (Z)4 AUSTRALIAN
PPTCH SHAPE SEMICIRCLE
CURE SYSTEM PRECURED 104 F
TEST TYPE SINE TEST LEVEL 20000
1NITIAL CRACK LENGTH .314
FAILURE CYCLES 219000
FAILURE MODE BORON AND ALUMINUM FATIGUE

3PECIMEN 41 THICKNESS 1/6
IYUP (0)7 AUSTRALIAN
DPTCH SHAPE SEMICIRCLE
CURE SYSTEM PRECURED i04 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .304
FAILURE CYCLES 36000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SZECIMEN 42 THICKNESS 1/8
LAYUP (0)7 AUSTRALIAN
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 176 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .493
FAILURE CYCLES 31000
FAILURE MODE BORON AND ALUMINUM FATIGUE
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SPECIMEN # 43 THICKNESS 1/16
LAYUP (0)4 AUSTRALIAN
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURED 176 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .688
FAILURE CYCLES 99132
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 44 THICKNESS 1/16
LAYUP (0)4 AUSTRALIAN
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 176 F
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .389
FAILURE CYCLES 7700
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 45 THICKNESS 1/8
LAYUP (0)7 AUSTRALIAN
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 176 F
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .332
FAILURE CYCLES 3637
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECInEN # 46 THICKNESS 1/8
LAYUP (0)7 AUSTRALIAN
PATCH SAPE SEMICIRCLE
CURE SYSTEM PRECURED 104 F
TEST TYPE SPECTRUM TEST LEVEL 2000Z
INIT:AL CRACK LENGTH .407
FAILURE CYCLES 4711"
FAILURE MODE BORON AND ALUMINUM FATIGUE

spE- # 47 THICKNESS 1/16
LAYUP (0)4
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COSURE 250 F
TEST TYPE SINE TEST LEVEL 200
INITIAL CRACK LENGTH .327
FAILURE CYCLES 142000
FAILURE MODE BORON AND ALUMINUM FATIGUE

SDECIMEN # 48 THICKNESS 1/8
LAYUP (0)8
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .355
FAILURE CYCLES 40208
FAILURE MODE COHESIVE BOND
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SPECIMEN # 49 THICKNESS 1/16
LAYUP (45/-45/0/0)
PATCH SHAPE SEMICIRCLE
CURE SYSTEM PRECURED
TEST TYPE SINE TEST LEVEL 20000
INITIAL CRACK LENGTH .327
FAILURE CYCLES 155000
FAILURE MODE COHESIVE BOND

SPECIMEN # 50 THICKNESS 1/8
LAYUP (0)8
PATCH SHAPE SEMICIRCLE
CURE SYSTEM PRECURED
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .000
FAILURE CYCLES 21314
FAILURE MODE COHESIVE BOND (SPECIMEN NOTCHED AT 11425 FLIGH

SPECIMEN # 51 THICKNESS 1/8
LAYUP (45/-45/0/0/90/90/0)S
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .280
FAILURE CYCLES 4102
FAILURE MODE BORON AND ALUMINUM FATIGUE

-PECIMEN # 52 THICKNESS 1/8
LAYUP (45/-45/0/0/90/0/0/0)
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL ,ellza
INITIAL CRACK LENGTH .295
FAILURE CYCLES 3089.
FAILURE MODE COHESIVE BOND

SPECIME141 # 53 THICKNESS I/S
LAYUP (0)7
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL 2000Q
INITIAL CRACK LENGTH .303
FAILURE CYCLES 2790
FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 54 THICKNESS 1/16
LAYUP (45/-45/90/90/0/0)S
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL e2,000Z
INITIAL CRACK LENGTH .248
FAILURE CYCLES 19764
FAILURE MODE BORON AND ALUMINUM FATIGUE
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SPECIMEN #55 THICKNESS 1/16
LPYUP (414111)S

PATCH SHAPE SEMICIRCLE

CURE SYSTEM COCURE 250 F

TEST TYPE SPECTRUM TEST LEVEL 200

INITIAL CRACK LENGTH .260

FAILURE CYCLES 9079

FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 56 THICKNESS - 1/16

LAYUP (0/0/90)S

PATCH SHAPE SEMICIRCLE

CURE SYSTEM COCURE 250 F

TEST TYPE SPECTRUM TEST LEVEL 20000

INITIAL CRACK LENGTH .280

FAILURE CYCLES 9768

FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 57 THICKNESS 1/8

LAYUP (0)7
PATCH SHAPE SEMICIRCLE

CURE SYSTEM PRECURED 105 F

TEST TYPE SPECTRUM TEST LEVEL 200C

INITIAL CRACK LENGTH .E70
FAILURE CYCLES 26 11

,F-AiL7- MODE COHESIVE BOND

. 3ECU :,E" N 58 THiCKNESS 1/16

L A UP (0)5

, PATCH SHAPE SEMICIRCLE

" CURE SYSTEM PRECURED 105 r
7 EE, T T )P E S PEC T U M TEST LEVEL 2,0Z

7 - A'_ CF 'K LENGi -. 44

* Z LURE Ci:LES 7:-i1

"
!UA ;_E COHESIVE DOND

i_ P

AJC £:APE SEiI RCLE

<JRE Y rTS PRE LJRED 105 F

TEIST T,'PE SPECTRUM TESL

IT - . _,  t-NGTH .73

F-q !N31 P:, .- -D 1. "
,.. -A ;_ i ;,..DENOT FA. LED

m, S iN T C T KNSS 1/16

LZIYUP (0) 4 A,.STRAIAN
PTCH Sir1 E SEr: CIRCLE

r CJRE SE''STEM COURED 150 F
TET T, Z SnECTRLM TEST LEVEL C D 2,
S TNIT AL CRIACK LENGTH . 3

Fi LLI;E CYCLES 614

FAILURE 1ryiDE BORON AND ALUMrINUrM FATIGUE
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S ECiMEN # 61 THICKNESS 1/i6 -

LAYUP (0)4 AUSTRALIAN
PATCH SHiPE SEMICIRCLE
CURE SYSTEM COCURE 150 F

TEST TYPE SPECTRUM TEST LEVEL 20000

INITIAL CRACK LENGTH .2.40

FAILURE CYCLES 6720

FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 62 THICKNESS 1/8

LAYUP (0)7 AUSTRALIAN

PATCH SHAPE SEMICIRCLE

CURE SYSTEM COCURE 150 F

TEST TYPE SPECTRUM TEST LEVEL Z-0000

INITIAL CRACK LENGTH .257

FAILURE CYCLES 4418

FAILURE MODE BORON AND ALUMINUM FATIGUE

SPECIMEN # 63 THICKNESS 1/8

LAYUP (0)7 AUSTRALIAN

PATCH SHAPE SEMICIRCLE

CURE SYSTEM COCURE 150 F

TEST TYPE SPECTRUM TEST LEVEL E0000
I..,ITIAL CRACK LENGTH 315

FAILURE CYCLES a156

FAI_URE P ODE kbOFRON AND ALUMINUM FATIGUE

I:-irC ! 4. 64 THICKNESS 1/16

LAUP (0)4 AUSTRALIAN
ZATCH SHAPE SEMICIRCLE
C-RE SYSTEM COCURE 150 F
TEST TYPE SINE T EST L , .L ,--. Z ,Z

- :. CR"CK LENGT H
C- Y-' L E S C- -0

T C<_RL ' LnRO, ANriD ALU,":,NU,' FAT-GL.!E

': - C-..£ 5 TK-CKNESS11

(C).4 '.,, RAL iAN
--TL- S A IE 'CCRLE

S',. E S TEm iC E 150 F
-NE TEST LEVEL 2,0002,

;._T '-, C~RA-CK L-I,'GTH .2}
F 1 s j - E - ,, _,__-.- 17 33E,1,

- - J. " ~C.C' COESVE EC.,iD

-.-L C:. ".N . 66 Ti C¢.NESS /

L YLP (0)7 AUSTRALIAN
PATC- , S-'ApE SEMICIRCLE

CJ E SYSE M COCURE 150 F
TEST TyPE SINE TEST LEVEL -.000

r i.L CRACK LENGTH .287

-ATLURE CYCLES 84111
FA:LJRE MODE COHESIVE BOND
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SPECIMEN # 67 THIC' :: 1/8
LAYUP (0)7 AUSTRALIAN
PATCH SHAPE SEMICIRT.Z
CURE SYSTEM COCU!- ;.C .
TEST TYPE TEST LEVEL 20000

INITIAL CRAC/ '-:;437:. .282
FAILURE CYCL.: 91480
FA T!'2 ... u.: COHESIVE BOND

SPES-.:Z A 68 THICKNESS 1/4

LAYUP BASELINE
PATCH SHAPE NONE

CURE SYSTEM NONE
TEST TYPE SPECTRUM TEST LEVEL 20000

INITIAL CRACK LENGTH .195

FAILURE CYCLES 455

FAILURE MODE ALUMINUM FATIGUE

SPECIMEN # 69 THICKNESS 1/4

LAYUP (0)12
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 20000

INITIAL CRACK LENGTH .193
FAILURE CYCLES 18511
FAILURE MODE COHESIVE BOND

SPECI;EN # 70 THICKNESS 1/4

LAYUP (0)12
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F

TEST TYPE SINE TEST LEVEL 20000

INITIAL CRACK LENGTH .203
FAILURE CYCLES 18210
FAILURE riODE COHESIVE BOND

L~?~J~It) je
P TCI '(,: 5 LIVSWICi RELE
CURE SYSTEM COCURE 250 F
TEST TYPE SPECTRUM TEST LEVEL 20000
iNITIAL CRACK LENGTH . 252
FAIUE CYCLES 1415
FAIlURE MODE COHESIVE BOND

SDECrm7EN # 72 T!H1CKNESS 1/4

LAYUP (C)16
PATCH SHAPE SEMICIRCLE
CURE SYSTEM COCURE 250 F

TEST TYPE SPECTRUM TEST LEVEL 20000
INITIAL CRACK LENGTH .192
FAILURE CYCLES 1861

FAILURE MODE COHESIVE BOND ',U.S.Government PintinqOffice: 1988 -548sOb4/0b67


