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This report describes the work accomplished by Kaman Aerospace Corporation (KAC) under
U.S. Army Contract DAAJ02-91-C-0045 "Advanced Rotor Blade Erosion Protection System."
The primary objective of this program was to develop a superior nonmetallic erosion guard
system for rotor blade erosion protection from sand, rain, hydrolysis, and other environmental
conditions. An extensive industry survey was conducted to identify suitable materials. This was
a very comprehensive effort and included foreign materials. After screening tests, two materials
were chosen --- 3M NPE 2916 and Miles Inc. 535330A. NPE 2916 exhibits more than four
times the rain resistance and twice the sand resistance of the current PO655 material. Miles
535330A exhibits equivalent rain resistance and six times the sand resistance of PO655. Both of
these materials were found to be free of the hydrolysis problems encountered with the current
PO655 material.

The AH-1 Cobra K747 blade was chosen by the contractor as a testbed for the new materials.
This blade uses a full length molded leading edge erosion guard. Therefore, a molded form of
erosion guard was required. Three erosion guards of each material were designed and
successfully fabricated with the manufacturing processes documented. Four of these guards
were installed on rotor blades and are being evaluated at Ft. Rucker.

A dynamic finite element model for water drop impact was developed under this program. Itisa
significant improvement over previously available analyses. Further work with this model would
be useful in expanding knowledge of water drop interaction with polymers.

The draft Design Criteria Document referenced in this report has been updated to reflect lessons
learned during this development effort. It should be published and used as a guide by designers
for rotor blade erosion guard development.

Mr. Donald N. Arents of the Air Vehicle Structures Division, served as project engineer for this
effort.
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INTRODUCTION

The performance of helicopter rotor blade erosion protection systems has become exceedingly
important. Recent operational experiences have forced Army helicopters to function in
extremely hostile environmental conditions and emphasized the need for improved materials
and designs of rotor blade erosion protection systems.

Although many types of equipment must contend with either solid or liquid particle impact,
helicopter rotor blades are unique in having to withstand severe exposure to both. Neither
Kaman nor any other manufacturer has evolved a totally satisfactory protective system for both
sand and rain erosion. Since most manufacturers have to deal with either solid or liquid
particle erosion, each problem has generally been attacked individually. State-of-the-art,
optimized material systems have been developed for each environment, but these do not
perform as well as desired in the other environment.

It has been demonstrated in earlier research® that most suitably chosen elastomeric systems
perform outstandingly well in solid particle erosion service, at least an order of magnitude
better than the best known metals. See Figure 1. In contrast, elastomer life under nearly
normal impingement angles in rain is lower than that of metals. However, it is significant to
note that components such as radomes and antenna housings, requiring nonmetallic dielectric
coatings for protection against rain erosion, generally employ elastomeric materials. As a
class, elastomers exhibit much better sand erosion protection than metals and are second only
to metals in rain erosion resistance. In comparison to the metal leading edge erosion guards in
general use, an elastomeric guard reduces the radar cross section of the blade, is inherently
less costly to fabricate, easier to install, more amenable to field repair and replacement, and
provides a better balance of rain and sand erosion life in the Army helicopter operating
environment.

Army data shows that the metal erosion guards employed on the B-540-metal main rotor
blades for the AH-1 Cobra helicopter exhibited low flight time between replacement as a result
of sand erosion®. The elastomeric erosion guard originally developed for the K747 composite
main rotor blade for the same helicopter performed to the Army's specified sand and rain
erosion resistance requirements®. It was fabricated from Estane 82-083-1828, a thermoplastic
polyurethane material supplied by B.F. Goodrich. Although satisfactory from the standpoint
of sand and rain erosion performance, it proved to be undesirably vulnerable to foreign object
impact damage during in-ground-effect (IGE) and operational nap-of-the-earth (NOE)
maneuvers. As a result of this experience, an erosion guard with improved resistance to
impact was developed®. It was fabricated from P0655, a thermosetting polyurethane material
supplied by Custom Urethane Elastomers, Inc. (CUE Inc.) formerly Fluorocarbon Inc.
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Figure 1, Sand Erosion Wear Rate, Comparative Summary. (From Ref. 1)
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The P0655 polyurethane erosion guard performed well in rain, sand and impact conditions but
began to exhibit hydrolytic degradation in hot-moist service environments. This led to a
gradual softening of the elastomer and required erosion guard replacement after 3-4 years in
hot-moist climates such as Southeastern U.S., Hawaii, Korea and Pakistan. Hydrolytic
degradation did not occur at a high rate in cooler climates such as Germany where
considerably longer operating life has been experienced.

Despite the impact damage susceptibility of the Estane erosion guard and the hydrolytic
instability of the PO655 material, a recent Army-funded study ranked the combined
performance of these erosion protection systems as the most cost-effective on Army
helicopters®. Of all the rotor blades employed during Operation Desert Storm in the Mideast,
the K747 main rotor blade required the least amount of maintenance.

In the same study, a stress wave analysis was performed to examine the effect of raindrop
impingement on erosion guard materials. The analysis was one dimensional and did not
include failure criteria in the model. It provided the magnitude of uniaxial stress and strain
levels but it was left to the user to decide whether or not the calculated results would lead to
failure. Material properties were measured on a split-Hopkinson pressure bar which is
normally used to obtain properties of metals. There have been some concerns regarding the
validity of properties of polymeric materials obtained in this manner.

In summary, there has been a hydrolytic degradation problem associated with elastomeric
leading edge erosion guards which otherwise exhibit a good balance of rain, sand and impact
resistance. This program begins with a worldwide survey for potentially suitable materials
and, using a down-select elimination process, proceeds through a series of environmental and
mechanical tests, culminating with a choice of two new hydrolysis-free materials. These were
fabricated into full-length erosion guards and applied to helicopter rotor blades for operational
flight evaluation by the Army.

Additionally, it has been desirable to expand analytical and test methodology to improve
understanding of rain erosion mechanisms. General Research Corporation (GRC) was
contracted by Kaman to perform the analytical requirements and large strain, high strain rate
material testing for this program. A 50 mm powder gun and a unique specimen loading
system was used to measure dynamic material properties required for input into the
GRC-developed, three-dimensional, dynamic finite element stress wave computational model
of a raindrop impacting an elastomeric material.




TECHNICAL APPROACH

The first task of the Advanced Rotor Blade Erosion Protection System (ARBEPS) program
‘was a materials identification, evaluation and selection function. It began with a survey of
material suppliers and aircraft manufacturers for potential candidate materials. Determining
which materials to evaluate was considered a key element for the successful performance of
the entire program. Knowledge of the relationship of polymer molecular structure to material
properties was important to assure that the most likely to succeed candidate materials were
introduced.

The material survey and identification process was followed by an extensive screening pro-
gram consisting of a battery of environmental, erosion and impact tests. All the materials
were first subjected to a hydrolysis test to reveal any possible degradation which could occur
in a hot-wet environment. Many of these were then subjected to a rain erosion test. As
described earlier, most elastomeric urethanes perform quite well in sand erosion; however, the
degree to which different elastomers perform in rain erosion varies dramatically. Therefore
hydrolysis and rain erosion testing were used as the primary down-selection process which
greatly reduced the number of materials required for subsequent testing.

Following the hydrolysis and rain erosion testing, a selected group of materials were subjected
to a whirling arm sand erosion test in the Kaman-funded test facility built especially for this
program. A whirling arm sand erosion test was considered representative of the type of parti-
cle erosion experienced by rotor blades in an operational world sand environment.

Whirling arm impact testing was conducted in the same test facility by injecting hardwood
dowels of progressively increasing diameters into the path of the test coupon and assessing the
damage to the erosion protection material. This test simulates tree branch strikes which Army
helicopters experience during the course of certain operations.

The hydrolysis, rain erosion, sand erosion and impact tests were considered to be the most
significant of all the material testing performed. A series of other tests were performed to
insure against unexpected environmental degradation which could occur. Those tests included
solar radiation, fungus, salt fog, low temperature, temperature shock and decontamination.

A radar cross section assessment was performed to determine what changes might occur if a
different urethane elastomer was used in place of the current P0655.

In parallel with the materials evaluation tasks, a stress wave/parametric analysis effort was
begun by General Research Corporation (GRC) under a contract from Kaman. This was
undertaken to expand the analysis methodology discussed earlier. A three-dimensional,
dynamic finite element stress wave computational model of rain drop impacts at normal and
oblique impact angles was developed at GRC.

In order to realistically evaluate the transient response of the erosion protection system for
raindrop impacts, dynamic material properties at 10* to 10° s! strain rates and large strain
levels representative of raindrop collisions were required for input into the computational
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model. Since material properties were not generally available at these strain rates, GRC's
effort was expanded to determine these properties on selected candidate materials using a GRC
ballistic range. A novel and ingenious test procedure, incorporating a 50 mm powder gun and

a unique specimen loading system, generated the required dynamic material properties,

including ultimate tensile stress and strain to failure, at the high strain rates experienced by
rotor blade erosion protection materials impacted by rain drops. Using as input the newly
acquired material properties obtained at the relevant strain rates, the computational model was
exercised to perform parametric analyses for examining the influence of dynamic material
properties, thickness of material, angle of attack and raindrop size on the ability of the
material to function effectively as a rain erosion protection system.

After all the testing was performed and the results studied and discussed, several of the overall
best materials were proposed for the design task of the program. The materials selected and
the analytical methodology developed in this program have generic applicability to all Army
helicopters. Because Kaman designed and produced over 4000 K747 composite main rotor
blades for the Army AH-1 Cobra helicopter, the K747 was chosen as the demonstration blade
for evaluating materials and designs developed within this program. Figure 2 shows the K747
composite main rotor blade configuration, details and primary materials.

P
Pl o s oraan LEADING EDGE EROSION GUARD -
POLYURETHANE

WOUND AR?UND ALUMINUM HITTING

TIP WEIGHT - BRASS
STAINLESS STEEL

LEADING EDGE GUARD

~= CAST EPOXY WEDGES = TIP CAP

FILAMENT WOUND 145° S GLASS/
EPOXY SKINS (TOP & BOTTOM)

NOMEX HONEY COMB CORE

- MULTI-CELL FILAMENT WOUND
S GLASS/EPOXY SPAR
BALLISTIC TOLERANT
PRODUCIBLE AT LOW COST

FILAMENT WOUND KEVLAREPOXY
TRAILING EDGE MEMBER

Figure 2. K747 Blade Configuration.




Two materials were recommended by Kaman for further evaluation as leading edge erosion
guards. Both had excellent hydrolysis resistance. One, NPE 2916, exhibited outstanding rain
erosion resistance and better sand erosion resistance than the current P0655 erosion guard
material. The other, 535330A, possessed superior sand erosion resistance and equivalent rain
erosion resistance compared to P0655. It was determined that both materials should be
submitted for operational evaluation as full-length erosion guards.

The next program task was a detail design and manufacturing process development for fabri-
cating full-length erosion guards from both materials. NPE 2916 material was supplied as
thermoplastic sheet stock and a process was developed for heat forming erosion guards at
Kaman. The 535330A material was a two-part casting compound. A process was developed
for fabricating erosion guards in the same matched metal mold used to fabricate the standard
P0655 production erosion guards at CUE, Inc.

After the detail designs were approved by the Army, three full-length leading edge erosion
guards were fabricated from each material. Two of each were bonded to Government fur-
nished K747 main rotor blades and the blades were prepared for flight. The short outboard
stainless steel leading edge guard shown in Figure 2 was not installed over the new elastomeric
erosion guards in order to achieve accelerated wear data from flight testing in harsh
environments.

Following a Flight Safety Review, the four blades with the new erosion guards installed were
delivered to Ft. Rucker for operational evaluation. The two spare erosion guards were
delivered to AATD, Ft. Eustis, VA.




MATERIALS EVALUATION

MATERIALS SURVEY AND IDENTIFICATION

The materials survey was conducted using form letters and telephone contacts to organizations
primarily within but not limited to the U.S. Form letters varied slightly depending on the
business of the addressee, whether an aircraft manufacturer or materials supplier, and the
particular type of material supplied by the vendor, such as coatings, tapes and molded
materials. Telephone calls were made directly to product development chemists and engineers
who were already known by Kaman personnel or who were introduced through vendor
technical representatives.

Considerable care and effort was given to the discussion of the blade operational requirements
so the material suppliers could better recommend potential candidate materials for the pro-
gram. Hydrolysis resistance was stressed as extremely important and, based on previous rain
erosion testing of molded materials, a Shore A hardness range of approximately 60 to 70 was
suggested.

Commercially available polyurethane elastomers are primarily based on two different precur-
sor or prepolymer types, those which contain ester links and those which contain ether links in
the molecular chain or backbone. The ester or polyester types are known for their excellent
mechanical properties, such as tensile strength and tear resistance, and the ether or polyether
types are known for their resistance to hydrolysis. Hydrolysis in this case is a mechanism
whereby an ester group in the primary backbone chain can be split into its two original organic
acid and alcohol reactant groups. The result is a broken bond in the molecular backbone,
similar to a broken or missing link in a chain. When this occurs in an elastomeric polymer,
the usual effect is a gradual change from a tough, resilient material to a soft, pliable one with
reduced mechanical and environmental properties. In some cases where the molecules formed
are small enough to be leached out with moisture, the material which remains becomes brittle
and eventually cracks or tears. Both types of failures were observed in this study.

Table 1 describes a total of 62 potential candidate materials which were identified for initial
evaluation. Some materials were chosen because they are currently in use on Army helicopter
rotor blades, or because they are part of erosion guard repair kits and/or erosion protection
enhancement kits. Some were known to be polyester type urethanes, but if they could provide
outstanding protection and be easily replaceable, they were considered. Most helpful were
those material suppliers who were willing to describe in general terms the formulation of their
products. Knowing the general molecular structure of the materials leads to a much greater
understanding of the role of certain chemical groups on various aspects of erosion protection
systems. That information has been included in the sample description.
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In general, the material suppliers were very helpful, supplying product information, recom-
mendations and samples. 3M, Miles and Uniroyal were especially cooperative, formulating a
variety of candidate materials to specifically meet the blade operational criteria set forth by
Kaman early in the program.

The materials consist of molded specimens, tapes, coatings and two-part systems (100%
solids/no solvents). The molded specimens represent the form of material expected to be used
for main rotor blade leading edge erosion guards. Materials described as molded include those
which are also cast, calendered or extruded. Coatings and tapes represent the forms of
materials which could possibly be considered for tail rotor erosion protection. The two-part
systems are expected to be used for field repairs of either main or tail rotor protection systems.

Almost all the materials are urethanes and urethane derivatives. The remainder include a
small number of silicone, neoprene, PVC and rubber/nylon copolymer types.

HYDROLYSIS

All 62 materials were tested for possible degradation in a hot-wet environment. The
temperature/humidity levels of the MIL-STD-810E humidity test were increased to a constant
82°C (180°F)/95-100% relative humidity to identify materials which may eventually degrade
by the molecular chain scission mechanism of hydrolysis. Due to the large number of samples
tested, four separate groups were run. Figure 3 shows the apparatus used for this test. About
an inch of distilled water was placed in the bottom of a large plastic container. Samples were
placed in small aluminum dishes and stacked on racks. The container was then covered and
sealed except for a small opening to relieve pressure. The semi-sealed container was placed in
an air circulating oven which was maintained at 82°C (180°F). Materials were visually
inspected and tested for durometer hardness prior to exposure and periodically throughout the
exposure cycle. The failure mode of most of the materials was a fairly rapid drop in the
hardness value within the first several hundred hours of exposure followed by an eventual
melting of the material. Several of the materials became brittle and developed cracks. The
neoprene samples, 21 and T6, did not melt or crack but swelled irreversibly, especially the
thin sample T6. Even after being removed from the test environment and allowed to dry, the
samples remained swollen to such a degree that they were considered undesirable. The results
of the hydrolysis tests are summarized in Table 1 and described in greater detail in Table 2.

All of the four groups of tests were run to a minimum duration of approximately 1200 hours.
Whether the samples passed or failed was determined at that limit. Four of the samples passed
at 1200 hours but failed at longer exposure times. Others may have exhibited similar charac-
teristics had they been exposed longer. Note that the current K747 erosion guard material,
sample 4, failed after 300 hours. This same material in service begins to show signs of
hydrolysis after approximately 3 years of operation in severely hot and humid climates, thus
100 hydrolysis test hours relates to approximately 1 year of service exposure in this case. If
that relationship is linear then 1200 hours of test exposure would relate to a minimum of

12 years of service in severe hot and humid climates. Many of the samples passed after nearly
4000 hours of exposure.
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Figure 3. Apparatus Used for Hydrolysis Testing.
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TABLE 2. HYDROLYSIS SUMMARY

Page 1 of 2
Sample Sample 1200 Hour Observations
No. Name Hydrolysis
Pass/Fail
MOLDED MATERIALS

1 Nyrim 2300 P Passed 1157 hrs.

2 CE868 P Passed 1157 hrs.

3 CE870 P Passed 1157 hrs.

4 POE5S F Failed 305 hrs. Melted.

5 74-451-170 F Failed 800 hrs.

6 Z.48.1 P Passed 1157 hrs.

7 PCA 6-3 654 P Passed 1157 hrs.

8 PCA 6-3 80A P Passed 1157 hrs.

9 PCA 708S 60A F Failed 1157 hrs. Melted.

10 PCA 708S 75A p Passed 1157 hrs.

11 TSK L101 P Passed 1157 hrs.
12 PP150-50A F Failed 305 hrs. Melted.

13 PP150-60A F Failed 1157 hrs. Sticky.

14 Vibrathane 6060 F Failed 305 hrs. Melted.

15 Vibrathane B 836 F Failed 1157 Hrs. Sticky.

17 535330A P Passed 1225 hrs.

19 535330C P Passed 1225 hrs.
20 DPTU-19140 P Passed 1225 hrs.
21 NS-6572 F Failed 1225 hrs. Swelling.
22 JC-010992 P Passed 1225 hrs.
23 535336A P Passed 1225 hrs.
24 C-1002 P Passed 1225 hrs.
25 HDS-06 P Passed 1225 hrs.
26 MTA-2151664 F Failed 253 hrs. Soft. Melted at 800 hrs.
27 535330B P Passed 1225 hrs. .
28 PU-V-18 F Failed 566 hrs. Melted. Cracked.
29 535382A P Passed 3960 hrs.
30 535382B P Passed 3960 hrs.
31 535382C P Passed 3960 hrs.
32 535382D P Passed 3960 hrs.
33 5353832 P Passed 3960 hrs.
34 535383B P Passed 3960 hrs.
35 535383C P Failed 3241 hrs. Melted. Stuck to Pan.
36 69824 F Failed 566 hrs. Soft. Stuck to pan.
37 6982B F Failed 801 hrs. Breaking up. Weak.
38 6982C F Failed 1229 hrs. Breaking up. Tacky.
39 535385A P Passed 3862 hrs.
40 535385B P Passed 3862 hrs.
41 535387A P Passed 3862 hrs.
42 535387D P Failed 3145 hrs. Melted.
43 535387E P Failed 3145 hrs. Melted.
44 6978 P Passed 3862 hrs.
45 NPE 2916 P Passed 3862 hrs.

13




TABLE 2. HYDROLYSIS SUMMARY

Page 2 of 2
Sample Sample 1200 Hour Observations
No. Name Hydrolysis
Pass/Fail
TAPES

T1 8663 F Failed 566 hrs. Tacky. Cracked at 800 hrs.

T2 NPE 2803 F Failed 566 hrs. Tacky. Cracked at 800 hrs.

T3 NPE 2846 P Passed 1225 hrs.

T4 Stoneguard 2000 F Failed 566 hrs. Cracked.

T5 281 F Failed 566 hrs. Cracked.

T6 Neoprene Stock F Failed 566 hrs. Excessive Swelling.

COATINGS

Cc1 M331/M201 P Passed 1225 hrs.

c2 M112/M201 P Passed 1225 hrs.

C3 M1433/M201 P Passed 1225 hrs.

C4 MI-15 TopCoat P Passed 1225 hrs.

C5 R-2550 P Passed 1225 hrs.

ce AGCoat 1R/3R P Passed 3960 hrs.

Cc7 Tnemec 143 P Failed 3241 hrs. Blistered.

cs Caapcoat B-274/AS-P108 F Failed 566 hrs. Soft.

co Elastuff 504 P Passed 3960 hrs.

C10 8B6 F Failed 1229 hrs. Cracks easily.

2-PART SYSTEMS

Bl TSK L100 P Passed 3960 hrs.

B2 Elastuff 120 Mastic P Passed 3960 hrs.

B3 NF 1500 Special F Failed 400 hrs. Tacky.

14




RAIN EROSION

Seventy-four materials or material configurations were tested for rain erosion resistance using
the University of Dayton Research Institute (UDRI) whirling arm rain erosion test facility at
Wright Patterson Air Force Base, Ohio®™. The materials were applied to leading edge airfoil
substrates made of fiberglass/epoxy or aluminum. Dimensions of each are shown in Figure 4.
Molded materials were bonded to fiberglass substrates. Coatings, tapes and two-part systems
were applied primarily to aluminum substrates. Figure 5 shows a test specimen attached to the
outboard leading edge of a test blade of the UDRI rain erosion rig. The tangential midspan
velocity of the specimens was 733 fps (500 mph). Rain drop size was 2 mm and a rainfall rate
of 1 inch per hour was used. Failure was determined as the time when the erosion protection
system wore through to the substrate. Rain erosion test results are shown in Table 3 and are
ranked according to rain erosion resistance in Table 4. Some of the molded samples, Nos. 6,
19 and 20, developed a bondline failure prior to eroding to the substrate and are identified by
an appropriate note.  Although the erosion time has been listed for those materials, they are
not considered usable for erosion systems due to the potential dangers involved when material
becomes unbonded from a rotor blade.

All the molded specimens were bonded with a thin fiberglass fabric in the bondline except for
samples 5A, 6A, 20A, 22A and 23A. Style 120 glass fabric, used in the bondline of the K747
erosion guard, greatly enhances the erosion guard removal operation. The presence of fabric
delayed the onset of immediate bondline failure of material No. 6 in rain testing; however, it
did not improve the immediate bondline failures of material No. 20. The reasons for the
difference are unknown.

Sample 45, NPE 2916, exhibited by far the best rain erosion resistance of all samples tested.
The test was halted due to a premature failure on one end of one of the two specimens. The
failure was attributed to excessive pressure caused by the clamp which holds the specimen to
the test rotor. The same type of premature failure was beginning to occur on the other
specimen. The remaining surface of test material between the clamps was almost as
unblemished as when the test was started. There were no pits, gouges or torn material to
indicate the early stages of erosion failure.

The tape sample NPE 2846 of sample T7, bonded to a glass-epoxy airfoil substrate, revealed
substrate damage starting 21 minutes into the test. For this reason, it was deemed not suitable
for protection of composite substrates despite the fact that the material survived 240 minutes
without failing. The same material on an aluminum substrate, sample T3, failed after

50 minutes. 3M Co. improved the material by adding UV and antioxidation stabilizers to the
formulation. This sample, T3U on an aluminum substrate, survived 240 minutes without
failure. The cause for the difference in rain erosion resistance could not be determined with
certainty. The most reasonable explanation presented by the material supplier was that later
samples containing the UV/antioxidant additives exhibited better caliper (consistency of
thickness) than the earlier samples due to an improved fabrication process. Thickness
variations may have contributed to localized weak areas within the earlier tape samples.

15
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Figure 4. Leading Edge Airfoil Substrates.
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Specimen Attached to Rotor Blade of UDRI Rain Erosion Test Rig.
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TABLE 3. RAIN EROSION TEST RESULTS

Page 1 of 3
Sample Sample Thickness Adhesive Substrate Time General
No. Name (Inch) Notes Notes (Min) Notes
MOLDED MATERIALS

1 Nyrim 2300 0.071 1 1 80

2 CE868 0.076 1 1 81

3 CE870 0.070 1 1 85

4 PO655 0.076 1 1 240

S 74-451-170 (5 layers) 0.071 1 1 105 1,2

5R 74-451-170 (Monolayer) 0.077 1 1 117

6 Z.48.1 0.082 1 1 150 3

7 PCA 6-3 65A 0.071 1 1 97

8 PCA 6-3 80A 0.073 1 1 90

9 PCA 708S 60A 0.072 1 1 97

10 PCA 708S 75A 0.078 1 1 70
11 TSK L101 0.071 1 1 35
12 PP150-502 0.070 1 1 See T10
13 PP150-60A 0.070 1 1 123
14 Vibrathane 6060 0.072 1 1 See T8
15 Vibrathane B 836 0.069 1 1 106
17 535330Aa 0.077 1 1 220
19 535330C 0.074 1 1 90 3
20 DPTU-19140 0.075 1 1 240 3
202 DPTU-19140 0.076 1 1 5 1,3
21 NS-6572 0.080 2 1 218
22A JC-010992 0.077 1 1 70
23A 5353362 0.063 1 1 130
24 C-1002 0.077 2 1 42
25 HDS-06 0.059 2 1 21
28 535382A 0.068 1 1 58
30 535382B 0.067 1 -1 73
31 535382C 0.066 1 1 220
32 535382D 0.067 1 1 40
33 535383A 0.071 1 1 62
34 535383B 0.060 1 1 68
35 535383C 0.065 1 1 110
36 6982A 0.072 1 1 100 1
37 6982B 0.073 1 1 60 1
3° 535385A 0.078 1 1 155
40 535385B 0.068 1 1 S0
41 535387A 0.075 1 1 80
42 535387D 0.062 1 1 117
43 535387E 0.062 1 1 60
44 6978 0.063 1 1 280
45 NPE 2916 0.060 9 1 1060 1

Note: For Moldings, Suffix "a"
Suffix

= No Glass Fabric In Bondline.

"R" = Repeat Using Monolayer Sample.
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TABLE 3. RAIN EROSION TEST RESULTS

Page 2 of 3
Sample . Sample Thickness Adhesive Substrate Time General
No. Name (Inch) Notes Notes (Min) Notes
TAPES
T1 8663 0.016 10 2 122
T3 NPE 2846 0.012 7 2 50
T3U NPE 2846U 0.012 7 2 240 1
T4 Stoneguard 2000 0.0075 10 2 16
TS 281 0.0055 10 2 28
Té6 Neoprene Stock 0.020 8 2 32
T7 NPE 2846 0.012 7 1 240 1,3
T8 NPE 2846 Over Sample #14 .012/.072 7/1 1 90 4
T9 NPE 2873 (Thinner NPE 2846) 0.006 7/3 2 40
T10 NPE 2873 Over Sample #12 .006/.070 7/1 1 31 5
T1l1 NPE 2846 (2 Layers) 0.024 7 1 77 6
T12 NPE 2846 (3 Layers) 0.036 7 1 7 6
COATINGS
C1l M331/M201 0.012 3 2 19
c2 M112/M201 0.012 3 2 26
C3 M1433/M201 0.012 3 2 20
C4 MI-15 TopCoat 0.012 4 2 0.5
CSs R-2550 0.012 4 2 0.5
ce AGCoat 1R3R 0.012 5 2 85
C6A AGCoat 1R3R 0.012 11 2 7 7,8
C6A+ AS-P108/AGCoat 1R3R .002/.012 11 2 54 7
Cc7 Tnemec 143-5001/143-5002 .014/.014 6 2 24 9
c7a Tnemec 143-5002 0.010 6/11 2 46 9
cs AS-P108/Caapcoat B-274 .002/.014 3 2 29
csA AS-P108/Caapcoat B-274 .002/.014 11 -2 75
co Elastuff 504 0.022 3 2 34 S
coa Elastuff 504 0.022 11 2 102
Cc9A+ AS-P108/Elastuff 504 .002/.022 11 2 185
Cc10 8B6 0.012 3 2 26
C10Aa 8B6 0.012 11 2 27

Note: For Coatings, Suffix "A" = Mil-P-23377 TyII Epoxy Primer
Suffix "+" = AS-P108 Over Non-Caapcoat Coating

2-PART SYSTEMS

Bl TSK L100 0.023 3 2 16 9

B2 Elastuff 120 Mastic 0.017 3 2 7 9
OTHER

FG Unprotected Glass-Epoxy 0.083 - 1 29

19




TABLE 3. RAIN EROSION TEST RESULTS

Page 3 of 3
Adhesive Notes Substrate Notes
1. Kaman KPS 146 Epoxy Adhesive 1. 0.093 Glass-~Epoxy Airfoil
2. Bostik 7132 Urethane (22:1) Adh. 2. 0.125 Aluminum Airfoil

3. Lord 9924V Wash Primer

4. Dow Corning 1200 Silicone Primer

5. AGC AGCoat 7A/B Primer

6. Tnemec 66-1211 Epoxy Primer

7. 3M High Strength PS Acrylic/Promoter 86
8. 3M Scotch-Grip 1300-L Rubber Adhesive

9. 3M EC-2216 Clear Epoxy Adhesive

10. Standard Strength PS Acrylic/Promoter 86
11. Mil-P-23377 TyIl Epoxy Primer/Alodine

General Notes

1. Test halted. Premature failure at clamp location.

2. Material was calendered from 5 different layers. Upper 3/5
peeled off in large pieces. Unsafe for rotor blade use.

See sample SR for test of monolayer of same material.

3. Bondline or substrate failure occurred prior to erosion failure.

4. Both tape and molded urethane split at same location.

5. Premature failure. Specimen too thick. Damage probably caused
during mounting of specimen to test rig.

6. Tape adhesion failure, 1lst layer to substrate. No damage to
glass-epoxy substrate.

7. Premature failure. Distinctive intercoat adhesién failure of
erosion coating to primer. Cause traced to excessive use of
tack rag during sample coating operation.

8. Premature failure. Cause traced to cotton fibers imbedded in
surface from contact with cloth before full cure of AGCoat 1R3R.

9. Porosity in erosion coating.

20




TABLE 4. RAIN EROSION TEST RESULTS (RANKED)

Page 1 of 3
Sample Sample Thickness Adhesive Substrate Time General
No. Name (Inch) Notes Notes (Min) Notes
MOLDED MATERIALS

45 NPE 2916 0.060 9 1 1060 1
44 6978 0.063 1 1 280

4 PO655 0.076 1 1 240
20 DPTU-19140 0.075 1 1 240 3

17 535330A 0.077 1 1 220

31 §35382C 0.066 1 1 220

21 NS-6572 0.080 2 1 218

39 535385A 0.078 1 1 155

6 Z2.48.1 0.082 1 1 150 3
232 535336A 0.063 1 1 130

13 PP150-60A 0.070 1 1 123

SR 74-451-170 (Monolayer) 0.077 1 1 117

42 535387D 0.062 1 1 117

35 535383C 0.065 1 1 110

15 Vibrathane B 836 0.069 1 1 106

5 74-451-170 (5 layers) 0.071 1 1 105 1,2

36 6982A 0.072 1 1 100 1

7 PCA 6-3 65A 0.071 1 1 97

9 PCA 708S 60A 0.072 1 1 97

8 PCA 6-3 80A 0.073 1 1 90

18 535330C 0.074 1 1 90 3
40 §35385B 0.068 1 1 20

3 CE870 0.070 1 1 85

2 CE868 0.076 1 1 81

1 Nyrim 2300 0.071 1 1 80
41 535387A "0.075 1 1 80

30 535382B 0.067 1 -1 73

10 PCA 708S 75A 0.078 1 1 70

222 JC-010992 0.077 1 1 70

34 535383B 0.060 1 1 68

33 535383A 0.071 1 1 62

37 6982B 0.073 1 1 60 1

43 535387E 0.062 1 1 60

29 535382A 0.068 1 1 58

24 C-1002 0.077 2 1 42

32 535382D 0.067 1 1 40

11 TSK L1011 0.071 1 1 35

25 HDS-06 0.059 2 1 21

20A DPTU-19140 0.076 1 1 s 1,3

12 PP150-50A 0.070 1 1 See T10
14 Vibrathane 6060 0.072 1 1 See T8

Note: For Moldings, Suffix
Suffix

Ly
1] R“

21
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TABLE 4. RAIN EROSION TEST RESULTS (RANKED)

Page 2 of 3
Sample Sample Thickness Adhesive Substrate Time General
No. Name (Inch) Notes Notes (Min) Notes
TAPES
T3U NPE 28460 0.012 7 2 240 1
T7 NPE 2846 0.012 10 1 240 1,3
T1 8663 0.016 7 2 122
T8 NPE 2846 Over Sample #14 .012/.072 7/1 1 90 4
T1l1 NPE 2846 (2 Layers) 0.024 7 1 77 6
T3 NPE 2846 0.012 7 2 50
T9 NPE 2873 (Thinner NPE 2846) 0.006 7/3 2 40
T6 Neoprene Stock 0.020 8 2 32
T10 NPE 2873 Over Sample #12 .006/.070 7/1 1 31 5
TS5 281 0.0055 10 2 29
T4 Stoneguard 2000 0.0075 10 2 16
T1i2 NPE 2846 (3 Layers) 0.036 7 1 7 6
COATINGS
C9A+ AS-P108/Elastuff 504 .002/.022 11 2 185
coa Elastuff 504 0.022 11 2 102
ce AGCoat 1R3R 0.012 5 2 85
c8sa AS-P108/Caapcoat B-274 .002/.014 11 2 75
C6A+ AS-P108/AGCoat 1R3R .002/.012 11 2 54 7
C7A Tnemec 143-5002 0.010 6/11 2 46 9
C9 Elastuff 504 0.022 3 2 34 9
cs8 AS-P108/Caapcoat B-274 .002/.014 3 2 29
Cl0A 8B6 0.012 11 2 27
C10 8B6 0.012 3 2 26
c2 M112/M201 0.012 3 2 26
C7 Tnemec 143-5001/143-5002 .014/.014 6 2 24 9
C3 M1433/M201 0.012 3 2 20
Cl1 M331/M201 0.012 3 2 19
ceAa AGCoat 1R3R 0.012 11 2 7 7,8
C4 MI-15 TopCoat 0.012 4 2 0.5
CS R-2550 0.012 4 2 0.5

Mil-P-23377 TyII Epoxy Primer
AS-P104 Over Non-Caapcoat Coating

Note: For Coatings, Suffix "A"
Suffix "+"

L}

2-PART SYSTEMS

Bl TSK L100 0.023 3 2 16 9

B2 Elastuff 120 Mastic 0.017 3 2 7 9
OTHER

FG Unprotected Glass-Epoxy 0.093 - 1 29
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TABLE 4. RAIN EROSION TEST RESULTS (RANKED)

Page 3 of 3
Adhesive Notes Substrate Notes
Kaman KPS 146 Epoxy Adhesive 1. 0.093 Glass-Epoxy Airfoil
Bostik 7132 Urethane (22:1) Adh. 2. 0.125 Aluminum Airfoil

Lord 9924V Wash Primer

. Dow Corning 1200 Silicone Primer

. AGC AGCoat 7A/B Primer

Tnemec 66-1211 Epoxy Primer

3M High Strength PS Acrylic/Promoter 86
3M Scotch-Grip 1300-L Rubber Adhesive

9. 3M EC-2216 Clear Epoxy Adhesive

10. Standard Strength PS Acrylic/Promoter 86
11. Mil-P-23377 TyIIl Epoxy Primer/Alodine

0 NG W

General Notes
Test halted. Premature failure at clamp location.

1.
2. Material was calendered from 5 different layers. Upper 3/5
peeled off in large pieces. Unsafe for rotor blade use.
See sample 5R for test of monolayer of same material.
3. Bondline or substrate failure occurred prior to erosion failure.
4. Both tape and molded urethane split at same location.
5. Premature failure. Specimen too thick. Damage probably caused

during mounting of specimen to test rig.
6. Tape adhesion failure, 1lst layer to substrate. No damage to

glass-epoxy substrate.
7. Premature failure. Distinctive intercoat adhesion failure of

erosion coating to primer. Cause traced to excessive use of

tack rag during sample coating operation.
8. Premature failure. Cause traced to cotton fibers imbedded in
surface from contact with cloth before full cure of AGCoat 1R3R.

9. Porosity in erosion coating.
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An attempt to protect the glass-epoxy substrate from damage by using multilayers of the

NP 2846 tape are shown in samples T11 and T12. The substrates were protected but the tapes
failed at 77 and 7 minutes, respectively, due to failure of the high strength, pressure sensitive
acrylic adhesive at the interface between the first layer of tape and the substrate. Apparently
the shear forces caused by the additional mass of extra layers of tape were sufficient to over-
come the shear strength of the adhesive in this high centrifugal force (CF) field. These results
preclude use of multilayers of tape with pressure sensitive adhesive on outboard locations of
tail rotor blades where the CF loading is extreme.

SAND EROSION

Whirling arm sand erosion testing was based on the requirements of the Design Criteria
Document (DCD) and the Qualification Test Procedures (QTP) previously developed by
Haynie®. Testing was performed in the Kaman-funded Whirling Arm Sand Erosion and
Impact Test Facility built especially for this program. As a result of earlier hydrolysis and
rain erosion testing, the number of samples were reduced considerably and only 18 materials
were subjected to sand erosion testing. Samples 4, 11, T1 and B1, although undesirable from
the hydrolysis or rain erosion test results, are included in subsequent testing as controls
because they are currently used on Army rotor blades.

The 8.04 foot diameter test rotor is housed in a circular enclosure, 21 feet in diameter and

15 feet high. See Figure 6. This conforms to the rotor-to-enclosure size ratio recommended
in the QTP. The facility employs a 200 hp, 1800 rpm motor which is connected to a hydraulic
speed reducer. The output is fed into two intermediate gearboxes, through appropriate
shafting and into a tail rotor gearbox to satisfy the required maximum output shaft speed of up
to 1900 rpm. Although the test coupon speed of 733 fps requires only 1750 rpm, the
as-designed capability provides for sufficient margin to ensure meeting the rpm requirements
independent of power requirements. The center of the test enclosure contains a vertical steel
mast and pedestal with a horizontally mounted rotor assembly. The rotor gearbox contains a
pitch change mechanism to allow presetting and/or varying of the specimen angle of attack
during the dynamic phases of testing. A semi-torus shaped floor was installed to encourage
circulation of sand particles during testing.

Figure 7 is a schematic of the test coupon showing the candidate material, substrate and
overall dimensions. The substrates are the same as those used for the UDRI rain erosion
testing. Figures 8 and 9 (top) show the arrangement of the test specimen on the test blade for
sand erosion testing. The sand injection device for introducing sand into the chamber is
primarily a funnel into which the sand is poured (Figure 10). An air injector insures that the
sand enters the chamber. This method, when used with the rotor operating at predetermined
test conditions, causes the sand to become immediately airborne and disperse itself throughout
the chamber.

Table 5 lists the test conditions used during sand erosion testing. All material samples were
tested at these conditions. Rig vibration prevented rotation at sample centerline speeds of

733 fps, and sample speeds were adjusted to 711 fps (485 mph). Blade tip pitch angle,
specimen angle of attack and downward velocity, Vv, at the specimen were determined during
rig calibration testing.
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TEST MATERIAL

SUBSTRATE

Figure 7. Sand Erosion and Impact Test Specimen.

Figure 8. Attachment Arrangement for Sand Erosion Tests.
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Figure 9. Erosion and Impact Blade Configurations.
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TABLE 5. TEST CONDITIONS FOR SAND EROSION TESTS

Test Rotor Rotational Speed 1810 rpm
Drive Shaft Rotational Speed 3300 rpm
Blade Tip Speed 762 fps
Specimen Centerline Tangential Velocity 711 fps
Blade Tip Pitch Angle 7.5 deg
Specimen Angle of Attack (Relative to Air) 1.4 deg
Downwash Velocity, Vy, Under Specimen 85.62 fps

Sand to air density was determined through the use of a sand collector device shown in

Figure 11. This device was placed under the rotor at the specimen centerline radius. The
entrance at the top of the collector was placed 5% inches below the rotor plane where some of
the air coming through the annulus traversed by the test specimen is captured by the collector.
The air flows down the vertical pipe into a settling chamber with a screen to prevent the sand
from escaping. The ratio of sand to air was then determined by dividing the weight of sand
collected over the test period by the calculated volume of airflow entering the sand collector.

From preliminary testing it was determined that % Ib of sand inserted at the beginning of
erosion tests of 10-minute duration was sufficient to determine measurable quantities of wear
on the specimens and give reasonable results. Technical information for the sand used is
described on the product data sheet in Appendix A.

Table 6 shows the results of the sand erosion tests. Sample weight loss and the weight of sand
collected over the 10-minute test period were determined. Sample No. 4 was run several times
to insure consistency during the testing. The sand to air density was calculated as described
above and was found to be reasonably consistent. There is, however, some variation and this
was taken into account when making comparisons. A normalized weight loss column is
included where the weight loss was divided by the sand to air density. To further simplify the
results, the samples were compared using the material currently in use on the K747 blade as
the baseline material. Therefore, the normalized weight loss for Samples No. 4A and 4B was
divided by the normalized weight loss obtained for each material. Using that basis, the larger
the number, the better the material can resist sand erosion. Table 7 lists the materials ranked
in order of their comparison ratio number.
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IMPACT

The impact tests were conducted in the same whirling arm test facility described above for
sand erosion testing. The clamps which hold the sand erosion specimens were removed from
one of the blades and replaced with attachment hardware that extends beyond the tip end of the
blade. The impact specimen was secured to the outboard end of this hardware. This
configuration is shown in Figures 9 and 12.

Impact testing was conducted by injecting hardwood dowels of progressively increasing
diameters of % in., % in., and 7 in. into the path of the whirling test coupon. The Design
Criteria Document would require a dowel of 1% in. diameter to equal 12% of the blade's
thrust-weighted chord length which was thought at the time to be too destructive to the test
rotor. During sand erosion rig calibration, the blade structure was weakened when
approximately 1/16 in. of the aluminum leading edge blade spar had been eroded away while
the blades were run unprotected for a short time in a sand cloud.

The spring-loaded dowel injection device is shown in Figure 10. The dowel holder is cocked
and held in place by a latching mechanism. When an electrical solenoid is activated from
within the control room, the latching mechanism releases the cocked dowel holder and the
dowel is pulled forward into the path of the test specimen.

The airfoil shaped leading edge substrates which hold the candidate materials are the same as
those described above for the UDRI rain erosion tests and the Kaman sand erosion tests.
Conditions for the impact tests are listed in Table 8. The specimen centerline tangential
velocity was 733 fps (500 mph). A grease pencil was used to coat the leading edge surface of
the material to aid in determining the exact location of the dowel strike. After each impact an
assessment of the damage was determined before the next greater diameter dowel was used.

Impact damage was difficult to measure quantitatively. When damage occurs, quantities of
material become unbonded from the substrate and are removed. Prior to that time some
compression can be noted in the material for some of the specimens. Table 9 is a qualitative
assessment of the damage done by the dowel after each impact. The type or location of the
impact and a damage assessment are described. The Pass Test column is an indication of
whether or not the material provides protection for the blade after impact. Table 10 is a
summary of the damage and categorization of the data. Table 11 ranks the materials in the
order of impact damage.
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Figure 12. Attachment Arrangement for Impact Tests.

TABLE 8. TEST CONDITIONS FOR THE IMPACT TESTS

Test Rotor Rotational Speed 1688 rpm
Drive Shaft Rotational Speed 3079 rpm
Blade Tip Speed 711 fps
Specimen Centerline Tangential Velocity 733 fps
Specimen Impact Angle 0 deg
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TABLE 10. IMPACT DAMAGE SUMMARY

Sample Sample Name Thickness Adhesive Substrate 1/2°" 3/4n 7/8"
No. (Inch) Notes Notes Dowel Dowel Dowel
MOLDED MATERIALS
4 PO655 0.076 1 1 1 1
11 TSK L101 0.071 1 1 1 1 2
17 535330A 0.077 1 1 1 1 4,5
21 NS-6572 0.080 1 1 1 1 1
23 535336A 0.063 1 1 1 1 1
31 535382C 0.066 1 1 1 2 4
39 535385A 0.078 1 1 1 1 4
42 535387D 0.062 1 1 1 1 4
44 6978 0.063 1 1 1 1 4,6
45 NPE 2916 0.060 2 1 1 1 1
TAPES
Tl 8663 0.016 3 1 2
T3 NPE 2846 0.012 3
T3U NPE 2846U 0.012 3 2 1 2 4
COATINGS
Cé+ AS-P108/AGCoat 1R3R 0.012 4 2 1 1 1
C8A  AS-P108/Caapcoat B-274 .002/.014 5 2 1 1 1
CoA Elastuff 504 0.022 3 2 1 1 1
C9A+ AS-P108/Elastuff 504 .002/.022 L 2 1 1 1
2-PART SYSTEMS
Bl TSK L100 0.023 [ 2 1 1 1

A N b W N e

Adhesive Notes

. Kaman KPS 146 Epoxy Adhesive

3M EC-2216 Clear Epoxy Adhesive
3M High Strength PS Acrylic/Promoter 86

. AGC AGCoat 7A/B Primer

Mil-P-23377 TyII Epoxy Primer/Alodine

Lord 9924V Wash Primer
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Substrate Notes
1. 0.093 Glass-Epoxy Airfoil
2. 0.125 Aluminum Airfoil

Impact Code
1. No Damage
. Moderate Damage. Will Still Protect Blade.
. Moderate Damage. Will Not Protect Blade.

. Severe Damage. Blade Protection Gone.

woe wN

May be Invalid. Strike Occurred at
or very near Edge.

6. May be Invalid Due to Prejudicial
Previous Strike Edge Damage.




TABLE 11. IMPACT DAMAGE SUMMARY (RANKED)

Sample Sample Name Thickness Adhesive Substrate 1/2" 3/4" 7/8%
No. (Inch) Notes Notes Dowel Dowel Dowel
MOLDED MATERIALS
4 POES55 0.076 1 1 1 1 1
21 NS-6572 0.080 1 1 1 1 1
23 535336A 0.063 1 1 1 1 1
45 NPE 2916 0.060 2 1 1 1 1
11 TSK L101 0.071 1 1 1 1 2
17 §35330A 0.077 1 1 1 1 4,5
39 535385A 0.078 1 1 1 1 4
42 535387D 0.062 1 1 1 1 4
44 6978 0.063 1 1 1 1 4,6
31 535382C 0.066 1 1 1 2 4
TAPES
T1 8663 0.016 3 2 4
T3U NPE 2846U 0.012 3 2 2 4
T3 NPE 2846 0.012 3 3 4
COATINGS
C6+ AS-P108/AGCoat 1R3R 0.012 4 2 1 1 1
C8A  AS-P108/Caapcoat B-274 .002/.014 S 2 1 1 1
C9A+ AS-P108/Elastuff 504 .002/.022 5 2 1 1 1
C9A Elastuff 504 0.022 s 2 1 1 1
2-PART SYSTEMS
Bl TSK L100 0.023 6 2 1 1 1
Adhesive Notes Substrate Notes
1. Kaman KPS 146 Epoxy Adhesive 1. 0.093 Glass-Epoxy Airfoil
2. 3M EC-2216 Clear Epoxy Adhesive 2. 0.125 Aluminum Airfoil

A n o W

3M High Strength PS Acrylic/Promoter 86

AGC AGCoat 7A/B Primer

Mil-P-23377 TylI Epoxy Primer/Alodine

Lord 9924V Wash Primer
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Impact Code

. No Damage

Moderate Damage. Will Still Protect Blade.
. Moderate Damage. Will Not Protect Blade.

. Severe Damage. Blade Protection Gone.

. May be Invalid. Strike Occurred at

or very near Edge.

. May be Invalid Due to Prejudicial

Previous Strike Edge Damage.




SOLAR RADIATION

Solar radiation testing was performed by the Q-Panel Company of Cleveland, OH, using the
guidelines of MIL-STD-810E, Method 505.3, Procedure II. Each 24 hour cycle consisted of
20 hours of ultraviolet (UV) exposure at 70°C (158°F) and 4 hours of no-light condensation at
50°C (122°F), following the operating procedures of ASTM G 53, Standard Recommended
Practice for Operating Light and Water Exposure Apparatus (Fluorescent UV-Condensation
Type) for Exposure of Nonmetallic Materials. The type of lamp used was UVB-313 and the
specimens were rotated daily to assure a similar exposure for all specimens. The UVB-313 is
more aggressive than UVA-340, which simulates the UV spectrum of sunlight very closely,
but the UVB-313 was chosen so results could be obtained within the initial task time frame of
this program. Also major materials suppliers such as 3M Co. and DuPont use the UVB-313
lamps for preliminary testing of their materials. The samples were cycled for 2 maximum of
2016 hours (84 days), less if they failed before that time. Several of the original materials
were reformulated with UV and/or antioxidation inhibiting chemicals. Although some
improvement is evident from the increased number of hours to failure in Miles samples 39, 42
and 44, the additives do not perform as well as those in 3M Co. samples 45, T1 and T3U.
Test results are shown in Table 12 and the materials are ranked according to their UV
resistance in Table 13.

The failures of these materials must be kept in perspective. The UVB-313 lamps emit
radiation of shorter and more destructive wave length than that found in natural sunlight or
UVA-340 lamps. It is possible that phenomena which developed in this test may not occur at
all or may occur only after long periods of time in the presence of natural sunlight or
UVA-340 lamps. Most of the materials tested were unpigmented and in their natural color. It
is known that the presence of carbon black pigment adds some measure of UV protection and
had it been present in the natural color materials, the results may have been different. Finally,
some of the materials were affected in a purely textbook fashion, characteristic of urethane
elastomers. The surface appears to get harder and shrink while the deeper material appears
unaffected. Upon shrinking, fine shallow surface cracks develop and expand, exposing fresh
underlying unaffected material. Under magnification, these cracks do not appear as true
cracks but rather as shallow rounded depressions or rills. To be consistent, this condition was
reported as a failure; however, the effect of this condition on the overall effectiveness of the
erosion protection system was considered on an individual basis.

FUNGUS

Fungus testing was performed by East-West Technology Corp of West Babylon, NY, in
accordance with MIL-STD-810E, Method 508.4, Procedure I. The material specimens were
exposed to the five fungus spores listed in the test. Incubation conditions consisted of daily
cycles of 20 hours at 30 + 1°C (86 + 2°F) and 95 + 5% relative humidity, followed by a
4-hour period in which at least 2 hours consisted of 25 + 1°C (77 + 2°F) and 95-100%
relative humidity. The remaining 2 hours were transitions during which the conditions were
maintained at 24-31°C (75-88°F) and 90-100% relative humidity. After the 28-day incubation
period, there was no visible evidence of fungal growth. Table 14 lists the materials tested.
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TABLE 12. SOLAR RADIATION TEST RESULTS

Sample Sample Name Colorxr Pass/ Time To Description
No. Fail Pass/Fail
(Hours)

MOLDED MATERIALS

4 PO655 Black F(4) 336 Surface Wrinkling.
11 TSK L101 Black P 2016 S1 Chalky, Oily, Minor Orange Peel.
17 S535330A Natural F(3) 1008 Many Fine Surface Cracks.
170 5353302 (1) Natural F(3) 1008 Many Fine Surface Cracks.
21 NS-6572 Black P 2016 Surface Spotted & Chalky.
23 5353362 Natural F 123 Melted.
230 535336A (1) Natural F 336 Tacky.
39 535385A Natural F 123 Many Surface Cracks. Weak.
39U  535385A (1) | Natural F 336 Cracked. Weak.
42 §35387D Natural F 267 Swelled. Many Severe Cracks. Weak.
42U  535387D (1) Natural F 1344 Brittle. Cracked Apart.
44 6978 Natural F 336 Cracked Apart. Weak.
44UA 6978 (2) Natural F 1008 Cracked Apart. Weak.
44UB 6978 (1) Natural F 1344 Surface Cracks. Weak.
45 NPE 2916 Natural P 2016 S1 Chalky Surface & V S1 Yellowing.
TAPES .
T1 8663 Natural P 2016 Some Yellowing.
T3 NPE 2846 Natural F 123 Many Cracks To Substrate.
T30 NPE 2846U (1} Natural P 2016 V S1 Yellowing.
COATINGS
Ce6 AGCoat 1R3R Black P 2016 Chalky.
c8 AS-P108/Caapcoat B-274 Bla