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Z>A multi-task program evaluated not only bird Impact resistance but 
structural and thermal qualities of materials and designs which 
Influenced overall performance. In the first task, basic material 
and design properties were established and constructions proposed 
for full-scale thermal and bird impact testing. Thermal tests on 
complete windshields compared glass-plastic vs. all-plastic con- 
figurations, while bird impacts established the effect of impact 
location, panel design and support structure. Conclusions from 
the test portion were the basis of constructions selected for 
prototype production. Eighteen windshields and six canopies, 
including optical parra^ were produced and delivered for Air Force 
evaluation.        \ 
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FOREWORD 

This Final Technical Report covers tmwparency development activity under 
Contract F33Ö15-73-C-3099, "Improved Vlndshleld Protection Development 
Program". The work was conducted by PPG nDDSIUES, Inc., Glass Research 
Center, Pittsburgh, PA, and Works No. 23, Crelgbton, PA. 

The research reported herein covered the period from March 1973 through 
April 1974. It was , rformed for the United States Air Force Flight 
Dynamics Laboratory,   -»ht-Patterson Air Force Base, Ohio. The Air Force 
Project Engineer was  . -«»In Donald C. Chopin, DSAF, AFFDL/FEW. PPG 
INDUSTRIES has assigned NP1132 as a secondary ntndber to thla report. 

The draft of this report was submitted 21 May 1974. 
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SECTION I 

GENERAL INTRODUCTION 

This program Is one phase of a multi-faceted project oriented toward 
developing the technology for improving the bird Impact resistance of 
aircraft transparencies.  The objective of this particular effort was 
to demonstrate the technology In the form of F-lll windshields and 
canopies capable of resisting, without penetration or catastrophic 
failure, the Impact of a 4 lb bird up to a speed of Mach 1.2 but not 
less than 500 knots indicated aircraft speed. In addition to the Impact 
resistance, these designs were to interface with the existing aircraft 
and deviate as little as possible from the weight, structural reliability 
or optical characteristics of current production designs. 

1 
. 

«*, 

The specific windshield and canopy designs to meet the contract require- 
ments evolved in a sequential four-task effort. 

1.  TASK I 

This basic material and design evaluation included a data search, 
laboratory materials capability study, preliminary design testing 
and edgemember design development. 

1 

2.  TASK II 

p. M 

■ ■■   mn 
4 

In Task II, full-size windshields and canopies were fabricated and 
tested in order to establish specific designs to meet the contract 
requirements. 

3. TASK III 

Eighteen prototype windshields and six prototype canopies of approved 
construction were produced and delivered for Air Force evaluation. 

4. TASK IV 

The final activity has Included preparation and submission of this 
report plus drawings and a fabrication specification required to 
document the final configuration. 

Because each of the tasks was a discrete portion of the contract, this 
report will be divided into three primary sections presenting the infor- 
mation relative to each task.  Since Task IV items will be submitted as 
separate documents, Task IV will not be included in this Final Technical 
Report. 
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SECTION II 

TASK I 

1.  INTRODUCTION 

The purpose of Task I was to obtain sufficient supporting data for use 
In recommending specific full-size test panel configurations. This 
was achieved primarily by testing in the areas critical to performance 
of the transparencies; namely, material properties, impact resistance, 
edge attachment design and thermal/pressure effects. 

5h- i 
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% 

A portion of the materials capability study was carried out as part of 
PPG*s in-house programs prior to award of this contract. Where appli- 
cable for drawing conclusions, this data has been Included with new 
information generated under Task I. 

Each of the four areas of study will be discussed as a separate section. 
The general conclusions and recommendations which were made for Task II 
have been Included in the section on Impact Resistance. 
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2.  MATERIAL EVALUATION 

To fulfill the stringent performance requirements of this contract, an 
interlayer material was required having good elevated temperature sta- 
bility, low temperature ductility, and adequate physical properties 
through the temperature range of -650F to 300oF. 

Interlayers evaluated under this contract were chosen for their commercial 
availability and compatibility In composites containing glass, acrylics, 
and polycarbonates. 

The Interlayers tested under this contract were as follows; 

1. 3GH Aircraft Vinyl - Polyvlnyl butyral luterlayer plastlclzed 
with 21 parts of trlethylene glycol dl-2-etliyl butyrate. 

2. Monsanto Ethylene Terpolymer - Classified as a thermoplastic 
adhesive for bonding glass to polycarbonate, and for this report 
Is classified as Ethylene Terpolymer or ETA. Material Used was 
adhesive 138200, Batch Number 148567. 

K»--;.... 

i 
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3.  PPG 112 Interlayer - This Interlayer was developed by PPG 
INDUSTRIES, Inc., and Is a thermoplastic urethane sheet material 
developed for use In glass, acrylic and polycarbonate laminates. 

The plastlclzers In 3GH Aircraft Vinyl attack polycarbonate, and there- 
fore, this Interlayer cannot be used directly against polycarbonate. 
Although methods are available to provide a barrier against plastlclzer 
attack, such techniques were not evaluated for this contract due to the 
poor elevated temperature and low temperature ductility characteristics 
of this Interlayer. However, because 3GH Aircraft Vinyl has consider- 
able flight history. It was used as a "yardstick" during comparative 
physical evaluations of the 112 and Ethylene Terpolymer Inter layers. 

An experimental Interlayer which was also evaluated was TCP Vinyl. This 
was a polyvlnyl butyral Interlayer plastlclzed with tricresyl phosphate 
which does not attack PC. 

Interlayer material properties obtained under this contract include the 
following: 

1. Light Transmit tan" e and Haze of 112, Ethylene Terpolymer and 
3GH Vinyl. 

2. Thermal Conductivity ol 112. 

3. Thermal Expansion of 112. 

i 
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4. Specific Heat of 112. 

5. Compressive Shear Strength of 112, Monsanto Ethylene 
Terpolymer, and 3GH Aircraft Vinyl. 

In an effort to fully evaluate and draw specific conclusions on inter- 
layer performance, additional material properties not obtained under 
this contract are included in this report. 

These properties were obtained under a separate PPG-flnanced Research 
Program and are listed below: 

1. Hardness 
2. Thermal Stability 
3. Tensile Strength 
4. Elongation 
5. Tear Strength 
6. Stress-Strain Data 
7. Peel Adhesion Data 

a. Properties 

(1) Transmittance and Haze 

Transmittance and haze data obtained on the above three inter- 
layers are summarized as follows: 

I 

■ ■;■' 

Material 

3GH Aircraft Vinyl 
Ethylene Terpolymer 
112 (Task II Samples) 
112 (Task III Samples) 

% Transmittance 
Loss per .100" % Haze 

Interlayer Thickness Gain per .100" 
(Illuminant "C") Interlayer Thickness 

1.5 0.5 
6.0 - 6.5 6.0 - 7.0 

3.28 0.58 
2.1 - 2.4 0.7 - 0.8 

This data was obtained by fabricating glass-interlayer-glass laminates, 
varying the thickness of the interlayer between .030" and .250", keep- 
ing the glass thickness at .110", The data depicts the superior trans- 
mittance and haze properties of Vinyl compared with 112 and Ethylene 
Terpolymer. The Ethylene Terpolymer had a very high transmittance loss 
and haze gain compared with 3GH Vinyl and 112; and this would restrict 
this interlayer's use to minimal thicknesses in composite designs. 

1 

k 
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(2) Density 

Density Data on these Interlayers are as follows: 

Material 

3GH Vinyl        2 

Ethylene Terpolymer 
112 

Density (lbs/ft ) 

68.1 
62,3 
72.2 

\ 

l*j 

■m 
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(3) Thermal Conductivity 

Thermal conductivity tests were conducted on 112 interlayer 
at 750F via a Dynatech Model TCHM-F4 Thermal Conductivity 
Instrument. The results of these tests indicate an average 
conductivity of 2.00 BTU - in/ft /hr/0F. As a comparison, 
Mil Handbook-17 indicates that 3GH Vinyl has a conductivity 
of 1.48 BTU - in/ft /hr/0F at 750F. 

(4) Thermal Expansion 

Thermal expansion tests were conducted on 112 interlayer at 
test temperatures ranging from -650C to 110oC. The tests 
were conducted on a DuPont 900 Thermal Analyzer with the 
following results: 

Test Temperature 
CO 

-65 
0 

+85 
+110 

Thermal Expansion 
(in/in/0C) 

9.8 x 10-5 
2.0 x 10-4 
3.9 x 10-4 
4.2 x 10-4 

Similar Data on 3GH Vinyl and Ethylene Terpolymer were not 
available. 

(5)  Specific Heat 

The specific heat of 112 interlayer was determined at test 
temperatures ranging from -450C to 1170C and is indicated 
as follows: 

Richard S. Hassard, Plastics for Aerospace Vehicles, Part II. Trans- 
parent Glazing Materials, p. 5-1, Mil Handbook-17A, Part II (Proposed 
Revision), Jan. 19/3. 

Data obtained from Monsanto Research Corporation. 
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Test Temperature Specific Heat 
CO (Cal/gm - 0C) 

-54 .244 
-32 .323 

0 .364 
+30 .344 
+80 .342 

+117 .443 

(6)  Index of Refraction 

The index of refraction of these interlayers is as follows: 

 Material Index of Refraction 

3GH Vinyl3 

Ethylene Terpolymer 
112 

1.483 
1.480 
1.497 

(7) Hardness 

Durometer measurements were taken on 112, 3GH Vinyl and 
Ethylene Terpolymer from 0oF to 140oF. As shown in Figure 1, 
the hardness (Durometer Shore D) of 112 is less than 3GH 
Vinyl and greater than Ethylene Terpolymer at all tempera- 
tures. It is important to note that above room temperature, 
the hardness of Ethylene Terpolymer was very poor and at 
140oF, its hardness is almost zero. 

This data indicates that the current Ethylene Terpolymer formu- 
lation was very soft at temperatures of 140oF and above and 
would not be a good interlayer in composites requiring high 
interlayer temperatures. 

(8) Thermal Stability 

Thermal stability tests were conducted on 112 laminates at 
temperatures of 250oF and 300oF. These 12" x 12" laminates 
consisted of .125" thermally tempered glass - .090" 112 - 
.125" thermally tempered glass. Three samples of each 
composite were continuously exposed to the above temperatures 
until the first indication of bubbles was seen. At 250oF, 
no bubbles were apparent after 100 hours exposure. At 300oF, 
bubbles were initiated between 48 and 52 hours exposure. As 
a comparison, Mil-Handbook-17 Indicates that 3GH Vinyl will 

3Richard S. Hassard, Plastics for Aerospace Vehicles, Part II, Trans- 
parent Glazing Materials, p. 5-1, Mil-Handbook-17A, Part II (Proposed 
Revision), Jan. 1973. 

^Data obtained from Monsanto Research Corporation. 
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FIGURE I.  DUROMETER   (SHORE  D)   VERSUS 
TEMPERATURE OF 3GH VINYL,112 8 ETA. 
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produce bubbles between 3 and 4 hours exposure at 250°F. 
This data establishes the better elevated temperature 
stability of 112 over 3GH Vinyl. 

(9) Tensile Strength 

A comparison of tensile strengths of 112, Ethylene Terpolymer 
and 3GH Vinyl Is shown In Figure 2 and depicts the better 
tensile strength of 112 over the temperature range of -65"F 
to 200oF. The tensile strength of 3GH Vinyl and Ethylene 
Terpolymer drops off considerably at temperatures above 
120°Ft while the 112 Interlayer has a tensile strength above 
500 psl at 200oF. This excellent strength characteristic at 
elevated temperatures Is beneficial for structural Integrity 
when a composite utilizing this Interlayer Is exposed to high 
temperature regimes. 

(10) Elongation 

'mi 

J 

The maximum elongation at failure of Interlayer materials Is 
an Indication of Its ability to deform without producing 
failure. As shown In Figure 3, the 112 has greater elonga- 
tion at failure when compared to 3GH Vinyl and Ethylene 
Terpolymer at test temperatures from -650F to 200oF. Failures 
of the 112 Interlayer could not be attained at temperatures 
above 120oF because the maximum elongation of the testing 
apparatus Is limited to 550% with an environmental chamber. 
This data Indicates that better impact performance at low 
temperatures (via Interlayer deformation) can be attained 
with 112 than with the Ethylene Terpolymer or 3GH Vinyl. 

(11) Tear Strength 

As shown in Figure 4, tear strength tests on 112, 3GH Vinyl 
and Ethylene Terpolymer show the better performance of 112 
interlayer over Ethylene Terpolymer from -658F to 180eF. At 
temperatures below 40°F, the tear strength of 3GH Vinyl is 
greater than 112; however, above 40eF, the tear strength of 
112 is considerably better than 3GH Vinyl. Tear strength 
depicts the ability of an interlayer to resist cohesive 
failure and as shown by the data, the 3GH Vinyl and Ethylene 
Terpolymer have very poor tear strength above 40oF, while 
112 Interlayer has good tear strength up to 180oF. 

v. 
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(12) Stress-Strain Data 

A comparison of the stress-strain curves of 112 and 3GH Vinyl 
Interlayers at temperatures from -30oF to 70*F Is shown In 
Figure 5. These tests were conducted with a 1200% elongation 
tape extensometer and depict the better ductility of 112 over 
3GH Vinyl. Stress-strain data on Ethylene Terpolymer could 
not be made due to an Insufficient supply of this material. 

Individual stress-strain curves of 112 at temperatures vary- 
ing from -30oF to 150PF are shown In Figure 6. 

(13) Compresslve Shear Tests 

The compresslve shear properties of Monsanto Ethylene Terpoly- 
mer (ETA) and 112 were determined when laminated to poly- 
carbonate, as-cast acrylic, and chemically tempered glass. 
In addition, the compresslve shear strength of 3GH Vlny] was 
determined when laminated to as-cast acrylic and chemically 
tempered glass. Because the plastlclzers In 3GH Vinyl attack 
polycarbonate, the shear strength of Vinyl to polycarbonate 
was not measured. 

The tests were conducted In the temperature range of -650F 
to 250oF, and as shown In Figure 7, the test samples had a 
.50" offset with a 1 square Inch shear area. The thickness 
of the Inter layer and adhesive used In these tests was .090" 
with the acrylic and polycarbonate thickness being .250" and 
the glass thickness being .110". The samples were soaked 20 
minutes at each temperature prior to testing and were loaded 
at a cross-head speed of .20"/minute. The test data obtained 
represents an average of five tests per substrate per each 
temperature tested. 

The shear pi'perties of Ethylene Terpolymer, 112 and 3GH 
Vinyl to chemically tempered glass are shown In Figure 8. 
Exact shear strength was difficult to attain at all test 
temperatures due to glass breakage caused by poor edges. 
However, the data does depict the excellent shear properties 
of PPG 112 at temperatures from 750F to 250oF, while the 
shear properties of Ethylene Terpolymer and 3GH Vinyl are 
below 175 psl at a test temperature of 150oF. The failure 
mode Is Important In these tests in that a cohesive failure 
Indicates that the bond to the substrate is greater than the 
shear strength of the inter layer or adhesive. Conversely, an 
adhesive failure indicates that the bond to the substrate is 
weaker than the shear strength of the inter layer or adhesive. 
It is interesting to note that the failure mode of the 
Ethylene Terpolymer was mostly cohesive and that of 3GH Vinyl 
mostly adhesive at all test temperatures. 
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The compressive shear strength of 112 and Ethylene Terpoly- 
mer to polycarbonate is depicted in Figure 9. As indicated 
by the data, the ETA has poor shear strength at a tempera- 
ture of 150°? wriile the 112 has a shear strength of 150 psi 
at 250CF.  It is worthy to note that at test temperatures 
below 120oF, the Ethylene Terpolymer failed adhesively and 
at 120oF and above, cohesive failures were obtained.  This 
data depicts the poor shear properties of Ethylene Terpoly- 
mer at test temperatures above 120oF. The failure mode of 
112 to polycarbonate indicates that at test temperatures 
above 120oF, the shear strength is higher than the adhesive 
strength. At 120oF and below, adhesive and cohesive fail- 
ures were obtained, indicating that the adhesion and shear 
strength of 112 to polycarbonate were comparable. 
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The adhesion of Ethylene Terpolymer to as-cast acrylic is 
very poor. However, with the addition of N-l cement, a 
PFG-developed adhesive for improving the adhesion of inter- 
layers to acrylic surfaces, the adhesion can be greatly 
improved. Figure 10 indicates the shear properties of 112, 
ETA and 3GH Vinyl to as-cast acrylic. Ae experienced with 
the glass samples, exact shear strength could not be obtained 
at all test temperatures due to catastrophic acrylic failure. 
The data indicates the better shear strength of 3GH Vinyl at 
temperatures of 150oF and below.  However, the failure mode 
of 112 to acrylic is completely adhesive at all test tempera- 
tures.  This data implies that if better 112-to-acrylic 
adhesion could be obtained, higher loads to failure could be 
realized.  The Ethylene Terpolymer shear strength in this 
test was once again very poor at test temperatures above 
120oF. 

(14)  Feel Adhesion Tests 

NASA Peel Adhesion Tests were conducted on Ethylene Ter- 
polymer laminated to polycarbonate and as-cast acrylic 
substrates and 112 laminated to glass, gold radar reflective 
coated and uncoated polycarbonate and acrylic substrates. 
This test is one measure of delamination resistance and 
basically consists of mechanically peeling a 1" wide strip 
of inter layer from 9" of substrate at an angle of 90°. 
The test samples weve prepared by placing wire screen 
(60 x 60 mesh) between two .030" plies of interlayer, then 
laminating the interlayer to the plastic substrates. The 
wire mesh was used to give structural integrity to the inter- 
layer, eliminating premature failures caused by the inter- 
layer tearing or failing in tension. 

NASA Technical Brief f5-10173, "Peel Resistance of Adhesive Bonds 
Accurately Measured". 
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|a) To Polycarbonate 

The adhesion of Ethylene Terpolymer and 112 to poly- 
carbonate at 0°, 75°, and 150oF with and without a 
175 hour weatherometer exposure is depicted in Figure 
11.  The weatherometer samples had the polycarbonate 
surface exposed to the weatherometer conditions (120oF, 
90-100% R.H. and constant ultraviolet), while the edges 
and interlayer surfaces were protected with aluminum 
tape. As shown by the data, the 112 interlayer could 
not be peeled from the polycarbonate surface with and 
without weatherometer exposure and adhesion results 
were greater than 160 lbs/in width at all test tempera- 
tures.  These were the maximum loads attained due to 
mesh failure; therefore, the peel strength at these 
temperatures is greater than indicated. 

T%J 

At temperatures of 75° and 150oF, the Ethylene Terpoly- 
mer could not be peeled from the polycarbonate with and 
without weatherometer exposure, resulting in failure 
loads greater than 140 lbs/in width at 75° and 20 lbs/in 
width at 150oF.  These were the maximum loads attained 
due to a failure in the mesh at 750F, and a tensile 
failure of the Ethylene Terpolymer at 150oF.  Therefore, 
in Figure 11, the peel strength at these temperatures 
is greater than indicated. 

The adhesion strength of Ethylene Terpolymer and 112 to 
polycarbonate Is considered excellent and gives an indi- 
cation of the good delaminatlon resistance of these 
interlayers to this substrate. 

4b) To As-Cast Acrylic (Plex II) 

NASA peel tests were also conducted on 112 and Ethylene 
Terpolymer laminated to as-cast acrylic. These tests 
were conducted using the same sample construction and 
testing technique as previously mentioned. As shown in 
Figure 12, the adhesion of 112 to as-cast acrylic is 
greater than 150 lbs/in width at 75° and 150oF. At 
these test temperatures, the interlayer could not be 
peeled from the acrylic, resulting In mesh failure. At 
0oF, the adhesion of 112 is 60 lbs/in width. 

The adhesion of Ethylene Terpolymer to as-cast acrylic 
was Initially found to be very poor, resulting In 
delaminatlon Immediately after the samples were lami- 
nated. However, with the use of N-l cement applied to 
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the acrylic, the adhesion was Increased substantially. 
With Hie use of this adhesive, the interlayer could noc 
be peeled from the acrylic substrate at all three test 
temperatures. At 0oF and 750F, the adhesion was greater 
than 150 lbs/in width, and at 150oF, the adhesion was 
greater than 35 lbs/in width. 

This excellent adhesion strength depicts the good delami- 
nation resistance of 112 to as-cast acrylic and Ethylene 
Terpolymer to as-cast acrylic with the application, of an. 
adhesive. 

(c) To Chemically Strengthened Glass 

i 

? m 

The adhesion of 112 to chemically strengthened glass was 
established by contractor-conducted testing prior to this 
contract and found to be greater than 200 lbs/in width 
when tested at 750F. 

(d)  To RCS-Gold-Coated Polycarbonate and Acrylic 

Adhesion measurements were made on 112 laminated to 
.250" polycarbonate and Flex II acrylic substrates 
coated with 15 ohms/square radar reflective coating. 
These tests were conducted at 750F with the data indi- 
cating a peel strength of 5 lb/in width to polycarbonate 
and approximately 1 lb/in width,to the Flex II acrylic. 
The failure modes were important in these tests in that 
the interlayer failed adhesively to the radar coating 
on the polycarbonate substrates while the coating failed 
adhesively to the acrylic substrate. 

The data Indicates that the adhesion of the radar coat- 
ing to acrylic is very poor and that the adhesion of the 
112 to this coating is also poor. Since the samples 
having the coating applied to the polycarbonate did not 
fail at the polycarbonate coating interface, adhesion 
of the dim to this substrate is greater than 5 lb/in 
width. 

Due to the relatively poor adhesion of the 112 inter- 
layer to the gold film, techniques to control the 
initiation of delamination are required in composites 
containing 112 and gold coated polycarbonate and these 
were Incorporated in prototype windshield designs. 
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b. Summary 

Due to the elastomeric characteristics of interlayer materials, a 
range in strength data was obtained. Specific data points repre- 
sent the mean of all tests, and at some test temperatures the 
maximum and minimum strengths of these interlayers overlapped. 

Of the three interlayers evaluated, PPG 112 had the best tensile 
strength, elongation, and ductility at test temperatures ranging 
from -650F to +200oF. This interlayer was also capable of with- 
standing prolonged exposure at 250oF and approximately 50 hours 
at 300oF without producing any bubble formation or other undesir- 
able optical characteristics.  In addition to these superior 
properties, the compatibility, adhesion and shear strength to 
polycarbonate, Plex II acrylic, and glass made 112 the best avail- 
able candidate to fulfill the stringent impact and temperature 
requirements of this program. 
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EDGE ATTACHMENT 

Edge attachment development in Task I was handled much like the impact 
work with a material evaluation phase, followed by design optimization 
effort incorporating the most promising components.  In Phase I, a test 
program was conducted to determine the ability of various edge rein- 
forcement adhesives to withstand structural loads of high performance 
aircraft windshield. A goal of 870 pounds per lineal inch ultimate 
load was used to rate edging materials.  This goal was selected since 
it is the ultimate edge load requirement for the F-lll, assigned as the 
demonstration model for this program.  The specimens used in this eval- 
uation were 4.8 inches wide, thus the total acceptable load for each 
specimen was approximately 4200 pounds. 

Since other Task I work indicated that the structural portion of the 
windshield cross-sections would be polycarbonate, the temperature used 
for the edge attachment tests was critical. For low temperature test- 
ing, -650F was used since it was required per performance specification. 
Concern was with the higher temperature ranges because of the reduction 
in strength and stiffness of polycarbonate at elevated temperatures. 
According to preliminary thermal testing and thermal gradient studies, 
(Section 4, Initial Thermal/Pressure Testing), soak temperatures of 
200oF and 260oF were finally used for the edge attachment evaluation. 

Figures 13 and 14 show the different croso-sectlons evaluated, config- 
uration of the edge attachment cross-section, and the geometry of the 
loading details.  In all cases, the test was conducted on an Instron 
machine using a crosshead speed of .05 inch per minute. All specimens 
were tested in single shear to represent the windshield mounting using 
a retainer and bushings to prevent overclamping of the structural 
members. The basic variable in this evaluation was the adhesive used 
to bond the edging reinforcement to the polycarbonate plies. The 
following materials available f©r this program at the time of the Task 
I materials evaluation phase, were considered as possible candidates 
because of their physical properties and compatibility with potential 
substrates: 

Uralane 5739 
PPG 112 Interlayer 
Heat Vulcanizing (HV) Silicone 
RTV 630 Silicone 

Table I gives the results obtained at each of the three test tempera- 
tures. Due to the nature of the structural material, the load at which 
yielding was first observed in addition to the ultimate load is reported. 

The results showed the effect of test temperature on the load carrying 
capability of the edgemembers.  Bolt hole elongation was the predomi- 
nant failure.  The RTV 630 and the Uralane 5739 materials appeared to 
be the best candidates, particularly for high temperature loading. 
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Delaminatlon was also found to occur at the elevated temperatures where 
there was excessive yielding and bolt hole elongation. This was par- 
ticularly true where the adhesive elongated which then allowed a greater 
amount of load to be carried by the polycarbonate material at the bolt 
hole. Both the HV silicone and the 112 interlayer showed this behavior 
at both elevated temperatures. 

Additional reinforcement to the interior surfaces of the structural 
polycarbonate plies was considered for added strength. The resulting 
specimens had four strap reinforcements, one bonded to each side of 
polycarbonate rather than two st raps plus an insert as in Figures 13 
and 14. The tensile test results for those samples are described in 
Table II. The last specimen listed in Table II, used a silicone pre- 
preg for the adhesive. The prepreg became available during the program 
and was considered because of its viability and potential processing 
improvements. 

In all the preliminary evaluations, the RTV 630 adhesive bonded satis- 
factorily to polycarbonate substrates with bond failure exceeding the 
yield of the polycarbonate substrates, "he specimens with strap rein- 
forcements bonded to each side of structural polycarbonate (Table II) 
were about 10% higher in tensile capability than with the insert type 
reinforcement (Table I). The silicone prepreg appeared promising for 
bonding application since bond strength was comparable and the appli- 
cation technique was much simpler for fabrication.  However, with this 
system as with HV silicone, strap adhesion continued to be a problem 
throughout Task I. 

In other material tests, bond strength for RTV 630 silicone adhesive 
was determined on specimens illustrated by the cross-section in Figure 
15. For this test the requ:?reirent was 350 psi tensile shear bond 
strength at temperatures from -650F to 220oF. The follrwins bond 
strengths were obtained: 

| ! 

Test at RT 
Test at 220oF 
Test at 2650F 
Test at RT (after 6 hrs 
boiling water exposure) 

700 psi (average 4 specimens) 
575 psi (average 2 specimens) 
520 psi (average 2 specimens) 

715 psi (average 1 specimen) 

The peel strength of the RTV 630 to a polycarbonate substrate with 
SS-4120 primer was 15 lbs per inch width resulting in adhesive failure 
to polycarbonate subs .rate. 

¥■■■ m 
Although the bonding qualities of RTV 630 were satisfactory, the hand- 
ling qualities were very poor because of two-component mixing, paste 
application, limited pot life, etc. Uralane 5739, which also provided 
acceptable bond, was also difficult to handle so that final selection 
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was made for other reasons. The 5739 being a rigid system Increased 
the chance for brittle crack propagation during bending while the 630 
did not. The RTV 630, then, was the "lesser of evils" and efforts 
continued to find a system with acceptable edge strength which would 
be easier to apply. 

The following conclusions were drawn from this portion of the study: 

1. The required structural performance can be gained from the 
polycarbonate structural plies using impregnated nylon for 
bolt hole reinforcement bonded with either RTV 630 silicone 
or Uralane 5739 adhesives.  Of these two, RTV 630 is prefer- 
able. 

2. PPG 112 and HV silicone were not acceptable at the elevated 
temperature loading conditions. 

vW 

3. An outboard retainer for the windshield mounting was recom- 
mended to enhance clamping to the frame structure without 
the use of tapered bushings. 

Inputs from the material evaluation were used In developing edgemembar 
designs for optimized Task I bird impact panels. Tensile tests were 
then run on the basic cross-sections to facilitate final selection of a 
windshield edge attachment oystem for Task II use. Results for this 
second phase are summarized in Table III. Data for similar cross- 
sections which were tested in the preliminary phase have been Included 
in the Table for comparison. 

I 

In the final test series, the full four plastic ply laminates with two 
extended plies and aluminum retainers were in the same strength range 
as the two-ply laminates. The primary difference was that specimens 
with the additional outer and inner lamina plies did not exhibit the 
PC surface crazing as experienced on the two-ply specimens. 

The following conclusions were derived from the second phase tensile 
tests: 

1. All tensile strength values including yield and ultimate values 
exceeded the objective goal of 870 pounds per lineal inch at all 
temperatures. 

2. Ultimate tensile values, in general. Increased with added reinforce- 
ment pieces.  The bonded aluminum retainer, although not necessary 
as an edge reinforcement member, did perform similarly as a fabric 
reinforced laminate. 

4v' 
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3. Yield values were all about the same irrespective of added 
reinforcements. 

4. Floating facing plies do not add significantly to the tensile 
strength of the overall laminate. 

5. RTV 630 silicone bond system continued to be satisfactory for 
strength and bondability to all substrates including PC, epoxy- 
Nomex laminate and aluminum. 

The basic edge reinforcement materials for the canopy were proven in the 
windshield program. The primary question, then, was the tensile edge 
strength capability of the two .125" PC structural ply design which met 
the bird impact requirement. Tests were run on the 4.8" tensile samples 
and the results, plus data from Table III, were as shown in Table IV: 

TABLE IV - TENSILE STRENGTH OF DOUBLE PC PLY EDGEMEMBERS 

Goal - 870 lbs/lineal Inch 

EXTENDED EDGE 
200oF 260oF 

YIELD ULTIMATE YIELD ULTIMATE 

.125" - .125" 
(9031-3A)* 
.125" - .188" 
(9030-21)* 

1100 

1250 

1290 

1500 

790 

1080 

910 

1280 

■•} . J 
.- ah1 

a - . % 

♦Indicates similar Task I bird impact panel. See data sheets for shots 
WT-36 and WT-29 respectively in Appendix 1. 

One can see th&t the .125" - .188" combination gave comparable strength 
at 260oF to the .125" - .125" plies at 200oF. However, a section with 
two .125" plies did just meet the 870 lbs/in ultimate tensile load re- 
quirement selected for this program under the rigorous 260oF soak con- 
dition. 
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TIIEPÜAL/PRESSURE CAPABILITY 

Bird tests had established the performance of two structural poly- 
c ^bonate ply system with no preference for the outboard facing or 
floating ply.  In essence, the outboard facing ply could be any 
material (i.e. - glass, acrylic, thermosetting plastic, etc.) since 
this ply added nothing to the impact capability of the construction. 
Hence, it became apparent that tests to evaluate effects of temperature 
and pressure would be useful to establish the outboard facing ply 
material. 

In order to evaluate potential design considerations, the most severe 
tests as outlined by Addendum 1, Endurance Requirements were selected 
from the contract.  The three tests considered to be the most severe 
and thus the best criteria for evaluation purposes were: 

1. Maximum Burst Pressure/Temperature (18.8 psi, 3830F) 
2. Maximum Crush Pressure (13.2 psi (avg.), 250oF) 
3. Pressure Cycling (0 - 11.2 - 0 psi, 3560F) 

For the latter two tests, the temperature of the outboard surface was 
to be controlled at a constant maximum throughout the test whereas the 
temperature for the Initial test was the peak value achieved for the 
outboard surface.  Figure 16 shows the actual temperacure and pressure 
response required by this test.  In all cases the Inside ambient was 
controlled at 750F.  The primary objectives for conducting these tests 
were: 

s- 

1. Establish the actual maximum temperatures that the structural 
members attain especially in the edge reinforcement region. 
These temperatures would then Influence the outboard material 
selection and the upper temperature requirements considered 
necessary for acceptable edge reinforcing. 

2. Determine the overall structural and optical quality when 
subjected to thermal and both static and cyclic temperature/ 
pressure loads. 

Since tests of full-scale transparencies were neither economical nor 
necessary and an actual test chamber was available, 15" circular 
samples were selected as standard specimens.  Figure 17 shows a view 
of the test fixture with a 15" circular sample mounted In place. The 
sample was mounted with the outboard ply exposed to the electrical 
heating elements, and the Inboard ply exposed to room temperature. A 
dial gage was positioned at the center of the panel contacting the 
inboard surface.  The chamber cavity was pressurized and heated as re- 
quired for the given test conditions.  The Inboard panel surface (top 
surface opposite the heated side in the est fixture) was cooled by 
controlling the ambient within the upper enclosure at 750F.  This was 
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accomplishad by introducing vaporized liquid nitrogen into this cavity. 
For all tests utilizing this facility, a positive inboard (relative to 
panel design) pressure was obtained by producing a vacuum in the lower 
heated chamber. Using the two 750 watt strip heaters and insulation 
around the edges, it was possible to reproduce the temperature rise 
shown in Figure 16 and obtain ?60oF in six minutes. 

a. Test Sample Description 

Circular Samples, 15" in diameter, were fabricated por the conven- 
tional two-ply polycarbonate design with various oi'cboard facing 
members. The different combinations utilized in chis bench study 
are shown in Figure 18. As shown by the cross-sectional view, 
samples were laminated with iron-constantan thermocouples embedded 
at each interface. Thermocouples were aligned at the sample center 
and at a radial location in the edge section as shown by the plane 
view on Figure 18. The actual edge of the sample was extended 
1 1/2" all around to obtain a support surface for the chamber walls. 
The edge thermocouples were located within the edge section 1/2" 
inside of the chamber wall contact area. Thus, both the edge and 
the center of the specimen were exposed to the various test con- 
ditions. 

b. Initial Thermal/Pressure Testing 

After some preliminary work to determine the equipment capability 
and sample reaction, the test scheme in Table V was proposed. The 
following paragraphs describe this preliminary testing and discuss 
the results. 

TABLE V - 15" CIRCULAR SAMPLE TEST SCHEME 

MAXIMUM OUTBOARD 
TEST CODE PRESSURE (PSI) TEMPERATURE (0F) TIME (MINUTES) 

A 11-12 260 15 
B 11-12 300 10 
C 11-12 340 10 

D-l 11-12 360 10 
D-2 11-12 360 20 
D-3 11-12 360 30 

Tests were conducted on Sample No. 1 (Table VI) to establish the 
thermal capability of the test arrangement. Of primary concern 
were the heating rate, control and temperature uniformity across 
the surface. The initial attempts consisted of duplicating the 
temperature response of the outboard ply surface as defined by 
Figure 16. 
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In the initial test, only one 750 watt heater was used.  It required 
21 minutes to bring the acrylic surface (exposed to heating element) 
to 260oF.  Because of control problems, this temperature itvel was 
exceeded and the fifteen minute hold was actually maintained at 
2850F.  Due to the slow rate of heating and the control problems, 
further extension of the test schedule was discontinued.  Figure 19 
shows the temperature distributions achieved at the end of the 2850F 
soak for this specimen. As anticipated, the thermal gradient 
through the transparent central region approached linearity.  The 
thermal conductivity of the transparent materials of this design do 
not differ much, so a linear gradient is reasonable. Conversely, 
the insulation character of the edge reinforcement caused signifi- 
cant differences in the thermal gradient through this edge section. 
The maximum temperature of 2350F on the outboard strap indicates 
some degree of heating nonuniformlty associated with this thermal 
system.  Some of this nonuniformlty could have been caused by the 
concentrated heating system and the heat loss through the exposed 
edges. 

J 

i 

Based on the average temperature achieved for this test and the 
potential insulation gained by the straps, a tentative temperature 
of 200oF was proposed as the upper soak limit of edge reinforcement 
tensile test samples (see Section 11-3, Table I). A soak limit 
goal of 260oF was established for these samples to provide a safety 
margin. 

A second test using specimen No. 1 was conducted with two 750 watt 
heaters and more insulation. This arrangement achieved the 260oF 
level in six minutes, but control problems developed causing the 
test to be discontinued. 

■ w 

«I 

Improvements were made in the control system and tests were con- 
tinued with incorporation of pressure loading. Subsequent samples 
were tested at the 260oF temperature level without any pressure for 
fifteen minutes.  If no effects developed, the next test repeated 
the 260oF outboard temperature with 9.2 psi internal pressure. 
Subsequent tests repeated this portion with exposure of 260*F with 
and without pressure followed by the 340"F outboard temperature 
for five minutes with or without 12.5 psi internal pressure. The 
initial tests on Sample Nos. 1 and 2 (acrylic-faced) and Nos. 4 
and 5 (glass-faced) showed that the performance of the proposed 
designs were dependent on the combined loading of temperature and 
pressure with little or no effect produced by temperature without 
pressure.  Initially, no attempt was made to keep the cabin tem- 
perature at 750F. Hence, the first five tests for the acrylic- 
faced panels and the first three tests of the glass-faced panels 
as tabulated in Tab.T? VI show inboard temperatures of 1350F or 
higher.  (The 100oF for the Inboard temperature test A of panel 2 
is believed to be in error.) Cooling the cavity of the inboard 
side with a maintained temperature of 750F produced inboard ply 
temperatures of 100° to 110oF. 
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TABLE VI - INITIAL TEMPERATURE/PRESSURE TEST RESULTS 

ON 15" CIRCULAR PANELS 

TEST 
TEMPERATURE 

PRESSURE 
CENTER 

DEFLECTION SAMPLE OUTBOARD INBOARD 
NO. CODE (0F) CF) (PSD (INCHES) RESULTS 

ACRYLIC- -FACED PANELS 

1 A0*** 285 145 Ü — No effects 

C0 460 174 0 — Melted acrylic 

2 A0 260 143 0 .047 No effects 

A 260 100 9.2 .399 Sovd I/L bubbles, 
distorted 

C 375 135 9.2 .337 Interlayer bubbles 

C0 380 110** 0 .145 No effects 

C 400 110** 12.5 .415 Deformed acrylic 

GLASS-FACED PANELS 

A0 

A 

270 

260 

395 

155 

150 

180 

0 

9.2 

Some delamination 

.303    Delam, crystallized 
V-gell-interlayer 

.237    Dissolved V-gell 
melted interlayer 

c* 340 100** 9.2 .339 I/L bubbles, delam 

D 355 100** 11.0 .452 I/L bubbles, delam 

*After Test No. C0, the glass face and outboard interlayer were removed 
and the Interlayer replaced 

**Inboard surface cooled by maintaining the Inside cavity at 750F 

***Superscript u indicates temperature wlchout inboard pressure 
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Maintaining the outboard surface temperature at 260oF for fifteen 
minutes with 9.2 psi internal pressure caused severe delamlnation 
of the glass ply and the formation of some crystallized particles 
in the outermost interlayer.  (Some of this delamlnation was 
associated with an oversight in the panel assembly.)  Similar tests 
of the acrylic-faced panel produced some small bubbles in the outer- 
most interlayer. However, some degree of optics degradation was 
observed after this test.  Subsequent test codes C0 and C (Table 
VI) at higher temperatures caused further glass delamlnation and 
bubbling of the outermost interlayer for the glass-faced panels. 
It was apparent at this point that the design of the glass-faced 
panels was susceptible to delamlnation since the glass was not held 
in place by a strap.  Since the glass was more rigid than the rest 
of the composite, it tried to stay flat while the plastic surface 
was going convex. Also, some of the bubble formation in the outer- 
most interlayer could have been associated with these delamlnation 
forces causing the glass to separate from the panel. 

i    7 

The acrylic-faced panels also showed interlayer bubbles at the 
higher temperature/pressure exposures comparable to the glass- 
faced design. Bubbles formed in the interlayer that subsequently 
helped to cause acrylic deformation.  The photographs in Figure 20 
show the optical effect of the damage caused by these tests.  The 
photographs present a view of the standard 1" grldboard through 
panel No. 5 inclined at the F-lll windshield installation angle of 
22°.  Comparison of the Figure 20(b) photograph with the as- 
fabricated condition in Figure 20(a) graph illustrates the detri- 
mental effects of the tests. 

c.  Final. Thermal/Pressure Testing 

Based on the initial test results, modifications to the basic 
acrylic and glass-faced constructions were designed and parts 
fabricated.  Initial modifications consisted of using a sillcone 
material as the outermost Interlayer for a glass-faced construction 
(Sample No. 7) and a thermosetting plastic CR-39® as a substitute 
for the outboard acrylic on the all-plastic design (Sample No. 8). 
Except for these changes. Sample Nos. 7 and 8, were similar to 
previous circular samples. Neither of these samples showed any 
improvement with actual failures occurring early in the proposed 
test sequence. 

Sample No. 7, glass-faced with sillcone outermost Interlayer, did 
not have acceptable adhesion to the glass surface.  This sample 
subjected to an Internal pressure of 11 psi, showed gross delamlna- 
tion at the silicone-glass Interface when the outboard glass sur- 
face reached 140oF. Hence, Sample No. 7 never achieved the first 
test exposure of 260oF at 11-12 psi. 
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Although Sample No. 8, the CR-39-faced panel, did achieve the first 
stage of the test sequence of 260oF at 11-12 psi, the sample did 
not perform successfully.  Bubbles formed at the CR-39 interlayer 
surface, and the outboard CR-39 ply fractured and deformed.  In 
essence, this material did not surpass the performance of acrylic. 

The gross interlayer bubole formation exhibited by glass-faced 
samples was attributed at least partially to the stiffness of glass 
compared with the remaining plastic structure.  It was reasoned 
that internal pressure loads causing deflections approaching 1/2" 
produced additional peel stresses especially at the interlayer edge 
between the rigid glass face and the more flexible plastic. To 
substantiate this reasoning. Sample No. 9 which was identical to 
previous glass-faced samples except for glass edge attachment that 
extended to the edge, was tested. An additional sample with glass 
on both sides extending to the edge, Sample No. 12, was also fab- 
ricated and tested. 

Earlier tests Indicated the acrylic-faced panels could not sustain 
the thermal/pressure exposures with the outboard acrylic showing 
heat deformation after interlayer bubble formation at the acrylic 
surface. To improve this performance, acrylic fused to poly- 
carbonate was substituted as the outboard ply. This addition of 
polycarbonate was designed to improve the acrylic stiffness and 
increase thermal insulation to protect the interlayer. As shown 
in Figure 18, 1/8" and 3/16" polycarbonate were used to fabricate 
Sample Nos. 10 and 11. Results of tests of these latest designs 
are tabulated in Table VII. 

The latest modifications of holding the glass and acrylic fused to 
polycarbonate as the outboard face yielded significant improvements 
in combinpd thermal/pressure load performance. The glass-faced 
Sample No. 9 sustained a total time of 60 minutes at 360oF, 11-12 
psi which was the best performance achieved by any design. After 
the last test at 360oF, 11-12 psi for 30 minutes, some small 
bubbles formed in the outermost interlayer. These bubbles are 
outlined on the photograph Figure 21. Conversely, Sample No. 12 
with glass on both sides exhibited a poor performance that could 
not be explained. 

Utilization of fused acrylic-polycarbonate facing also showed a 
significant improvement when compared to the acrylic-faced design. 
No effect« were produced in the acrylic-3/16" polycarbonate-faced 
panel No.11 until the next to the last test was conducted. In 
test D-2, the 360oF exposure for 20 minutes, acrylic deformation 
and some interlayer bubbles developed.  Some of the interlayer 
bubbles, as shown in Figure 22, were considerably larger than the 
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bubbles produced In panel No. 9 although the interlayer temperature 
of the glass-faced panel was much higher than the all-plastic panel. 
Conversely, the glass-faced panel was far more rigid than the all- 
plastic panel which would indicate actual deflections are a factor 
in bubble formation. However, the poor performance of panel No. 12 
wifh glass on both sides tends to confuse the basic trends. 

The performance of Sample Nc. 10, faced with acrylic fused to 1/8" 
polycarbonate, was generally consistent with panel No. 11 using 
3/16" polycarbonate. As expected, interlayer bubble formation 
developed one test earlier than the thicker acrylic-polycarbonate 
faced panel. After the first exposure of 360oF for 10 minutes, 
test D-l, £pproximately thirty bubbles developed in the interlayer 
and the acrylic-polycarbonate face had a permanent set of 3/16". 

:| 

Table VIII shows a comparative review of all the constructions 
tested using the bench facility. Review of this information clearly 
indicates that the non-floating glass and acrylic-clad polycarbonate 
were the best outboard materials available. Hence, both configura- 
tions were proposed for full-scale thermal/pressure tests in Task 
II. 
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5.  IMPACT RESISTANCE 

Two methods were employed In determining impact resistance in Task I. 
Preliminary screening of interlayers, structural materials and coatings 
was accomplished via a laboratory impact cannon which is used to fire a 
150 gram urethane-faced titanium missile at 12" x 12" targets at speeds 
up to 390 knots. Standard penetration curves have been generated prior 
to this contract for various materials and laminates as shown in Figure 
23. As confirmed by these curves, polycarbonate (PC) is the only state- 
of-the-art material capable of providing the required impact resistance 
within the wtj.^  and thickness limitations for canopies and windshields. 

One of the continuing problems with field use o 
the poor abrasion and chemical resistance of PC 
ing involved preliminary tests to determine the 
various methods of protecting the PC. Cladding 
acrylic does provide abrasion and chemical pror 
shows, the impact strength is reduced by crackt 
acrylic. Another method is to interpose an int 
between the PC and a protective ply which yield 
close to that of the PC ply itself. A third is 
resistant coating to the PC. 

f PC transparencies is 
The air cannon screen- 

relative performance of 
the PC by fusing as-cast 

ection, but as Figure 23 
which originate in the 
erlayer or adhesive 
s penetration limits 
to apply an abrasion 

One group of screening tests involved PC plus three potential abrasion- 
resistant coatings. Nominal 286 kt impacts were made with the 150 gram 
missile on .250" PC with MR 4000, Abcite and 0-1 650 coating on two 
sides and with 0-1 650 on one side. Only Abcite-coated PC stopped the 
missile and formed a ductile bulge. PC with 0-1 650 on one side bulged 
then failed and the others exhibited complete brittle failure. In- 
spection of shipments of Abcite, however, shows poor adhesion to the 
substrate. For this reason, and the fact that MR 4000 is only available 
on as-extruded LEXAN;? 0-1 650 was chosen for limited evaluation in 
preliminary bird impact tests. 

The effect of coatings on the impact resistance of PC also included pre- 
liminary missile impacts on 12" x 12" x .125" specimens of PC with the 
L-O-F 15 ohms/square gold film applied to one surface. In order to 
simulate end-use conditions, samples were exposed to standard laminating 
time-temperature-pressure conditions. Missile velocities were 246 to 
253 kt, approximating the known penetration velocity for as-received, 
uncoated .125" PC.  Impacts on either the coated or uncoated surfaces 
showed no evidence of embrittlement with ductile penetrations in both 
cases. 

XV 

As mentioned above, the addition of an interlayer or adhesive between 
the protective ply and the PC structural ply serves to stop crack propa- 
gation, thereby resulting in a transparency with both durability and 
impact resistance. However, this is true only as long as the interlayer 
maintains its elastomeric properties.  Since one of the bird impact 
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requirements involved a gradient of -30oF outboard ambient to room 
temperature Inboard, It was felt that some of the currently available 
Interlayer/adheslves would be too brittle to prevent crack propagation. 
To fix this range for candidate Interlayers, a series of air cannon 
impacts was used to evaluate low temperature embrlttlement. Here, 12" 
x 12" specimens of .110" HERCULITE^ II glass - .090" interlayer - .125" 
PC were Impacted at a nominal 2A3 kt, just below the penetration 
velocity for this combination.  Interlayer temperature was varied and 
the temperatures at which the missile was stopped or just penetrated 
determined the embrlttlement range. In preliminary screenings, sillcones 
were superior although plagued with adhesion problems. PPG CIP-6A, 
currently used in the F-lll, exhibited an embrlttlement range between 
approximately +40oF and 50oF. Of those considered applicable for this 
program, two materials, PPG 112 and Monsanto Research Corporation 
Ethylene Terpolymer, exhibited the most promising embrlttlement ranges. 
For comparison, data was also gathered for phosphate plastlclzed poly- 
vinyl butyral (TCP Vinyl). This experimental vinyl was chosen for its 
compatibility with PC, unlike 3GH Vinyl in which the plasticizer attacks 
PC. As shown, the "low temperature" embrlttlement range is actually 
above room temperature and is much higher than other candidate materials. 

TABLE IX - INTERLAYER EMBRITTLEMENT RANGE 

*■■' 

■C' 

1 MISSILE MISSILE 
INTERLAYER PENETRATED HELD 

TCP Vinyl 860F 1210F 

PPG 112 110F 180F 

Ethylene Terpolymer 160F 240F 

In addition to the air cannon test work, the primary evaluation of im- 
pact resistance in Task 1 was made via room temperature bird  Impacts on 
flat 26" x 26" panels. This phase of the program was conducted at , 
Arnold Engineering Development Center (AEDC), Tullahoma, Tennessee. 
All impacts were center strikes with 4 lb birds. A sketch of a typical 
panel and an edge mounting section appears in Figure 24. The panels 
were bolted to a 1/2" x 4" steel frame which was clamped to the rigid 
AEDC support, as shown in Figures 25 and 26. Figure 25 Is an overall 
view of the Impact area configuration for windshields mounted at 22° 
from the line of flight of the bird. Figure 26 gives a close-up view of 
a panel bolted to the steel mounting frame which is subsequently clamped 
to the target holder. The canopy test apparatus was identical to that 
used for windshields except that the support structure was modified to 
give an angle of incidence of 13.2° from the line of flight of the bird. 

"For a complete description of the AEDC flight Impact simulator, see: 
E. J. Sanders.  "The AEDC Bird Impact Test Facility," AFML-TR-73-126, 
Conference on Transparent Aircraft Enclosures, June, 1973. 
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Task. I bird Impact tests consisted of two groups. The first was designed 
to make comparisons between materials and cross-sections reflecting In- 
C.'ts from the material evaluation, laboratory Impacts and PPG's experi- 
ence in the 4 lb/500 kt Impact range. The results from the preliminary 
bird impacts were combined with candidate edgemember designs to produce 
optimized cross-sections for a second series of bird shots. 

Preliminary windshield' constructions ranged from those based on rela- 
tively thick monolithu'. PC to laminates of various PC ply thicknesses. 
In this series of specimens, when surface protection was provided, a 
"hard" coating, glass, as-cast acrylic or stretched acrylic was selected 
based on experience or the laboratory materials evaluation.  Specific 
cross-sections were picked to show effects of ply thickness, composition 
and arrangement with panels of equivalent overall thickness.  As listed 
In Table X, four basic thickness groups were selected.  The first con- 
sisted of monolithic .750" PC.  The second series of eight panels, with 
a nominal thickness range of .850" - .870", compared monolithic .625" 
PC, laminated .250" PC and laminated .125" PC components.  The third 
group, 6A, 7A, 13A aid 14A compare! thicker designs with monolithic .688" 
and .750" PC to laminated combinai Ion of .125" and .188" PC.  The last 
group made use of the .500" maximum outboard extension and was therefore 
the thickest, ranging from 1.025" to 1.090" nominal thickness.  Again, 
monolithic and laminated PC components were compared but in this group 
a floating .125" PC ply was placed between the outboard facing ply and 
the first extended PC mounting ply. 

Detailed results for the first 18 tests are described on the data sheets 
in Appendix 1. However, the laminated group in summarized In Figures 
27, ?3  and 29 which correspond to the order and grouping of Table X. 

Several basic conclusions were drawn which Influenced the selection of 
optimized Task I test panel constructions. 

1. Even with center Impacts, the panel support system can Influence 
results. In initial shots, clamp restraint and sharp frame 
edges caused unexpected failures along the aft edge.  In sub- 
sequent tests, support structure edges (test frames or module 
mounting surfaces) were rounded to minimize shearing, and the 
clamping locations were stabilized for the top edge and sides. 

ri 'ii 
16.- ;'1| 

2.  In general, the likelihood of brittle failure was proportional 
to PC structural ply thickness. The Group 1 monolithic panels 
were destroyed by Impacts even 44 knots below the 500 knot re- 
quirement. Likewise in the other groups, the panels with mono- 
lithic PC plies exhibited catastrophic failures while equivalent 
panels with thin plies prevented penetration. Group 2 provided 
perhaps the best comparison of ply thickness effects.  Sample 5B 
was blown apart at 447 knots while 8A with two .250" PC plies 
was sheared or cracked around the periphery at 497 knots. The 
design with two .125" PC plies, however, sustained hits up to 
525 knots and was not penetrated until 538 knots. 
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TABLE X - CONSTRUCTIONS FOR TASK I PRELIMINARY BIRD IMPACT TESTS 

iUP  SAMPIE  SHOT NO.  CONSTRUCTION (IMPACT-FACING SURFACE LISTED FIRST) 

lA     WT-17     .750" PC <.375" PC extended edge section) 

2A 

3C 

6A 

7A 

13A 

14A 

9A 

10A 

11A 

12A 

WT-12     .750" PC (coated both sides with 01 650) (.375" PC extended edgt 

3A,3B   WT-2,5 

vrr-7 

4A,4B   WT-3,1 

8A      WT-6 

.125" Acrylic - .120" IL - .125" PC (15 ohms/sq gold film)* 
,120" IL* - .125" PC* - .120" IL - .125" PC 

.125" Acrylic - .120" IL - .125" PC* - .120" IL* - .125" PC* 
(15 ohms/sq gold film) - .120" IL - .125" PC 

Same as Code 3, without 15 ohms/sq gold coating 

.110" Glass - .120" IL - .250" PC - .120" IL*- .250" PC 
(.125" PC - .120" 112 IL - .125" PC extended edge) 

5A,5B   WT-4,16   .125" Acrylic - .120" IL - .625" PC (.375" PC extended edge) 

WT-14     .125" Acrylic - .090" \L -  .750 PC (.375" PC extended edge) 

WT-18 

WT-9 

WT-15 

WT-11 

WT-13 

WT-8 

WT-10 

.125" Acrylic -  .120"  IL -  .188" PC* - .090" IL -  .188" PC* 

.120" IL -  .125" PC } 

.060" Acrylic/.093" PC -  .120" IL - .125" PC* -  .090" IL* - 

.188" PC* -  .120" IL -  .125" PC 

.060" Acrylic/.093" PC -  .120" IL -  .688") PC   (.438" PC 
extended edge) 

.110" Glass -  .120" IL -  .125■, PC -  .120" IL -  .125" PC* - 

.120" IL* -  .125" PC* -  .120" IL -  .060" Acrylic 

Same as Code 9 but with 15 ohms/sq gold film on glass 

.110" Glass -  .120" IL - .625" PC -  .120" IL -  .060" Acrylic 
(.375" PC extended edge) 

.110" Glass -   .120" IL -  .125" PC -  .120" IL -  .125" PC* - 

.120" IL* -  .125" PC* -  .120" IL -  .125" Stretched Acrylic 

Include in extended edge section. 
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z Au FILM (3C) 
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WT-2 3A FAILED 4^7 KT 
WT-5 3B   OK 525 
WT-7 3C FAILED 538 

WT-3 ^A   OK 510 KT 
WT-1 ^B FAILED 501 

PUNCHED THRU TOP (FRAME) 
NO SHEARING OR PC DAMAGE 
SHEARED TOP EDGE 

NO PC DAMAGE 
1ST SHOT - CUT BY FRAME 

„«3 

;^NS>äN>^XN 

.370 I^^SSS^SS^SSSSSWl '^ 

WT-6 8A  FAILED  197 KT   SHEARED AT TOP. CRACKED EDGES 

i-j 
,375 ) .870 

"I /_J_ 

m 
WT-1 5A 

WT-16 5B 

FAILED 

FAILED 

183 KT   BLEW OUT CENTER 

117 U II II 

FIGURE 27. SUMMARY OF TASK I PRELIMINARY BIRD IMPACTS (GROUP 2) 
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WT-W 6A  FAILED  511 KT   BLEW CUT CENTER 

.466 
^^^9 
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WT-18 7A   OK  507 KT 

^y^ j^ 

NO PC DAMAGE 

-JL. 

.403 2 
fe^^( 

SS3Sg35SS5SSSSa 

1 BSSSS 
.921 

WT-9      13A      OK      499 KT NO SERIOUS DAMAGE 

.438 

mm n 
sssssa 

.961 
-X. 

WT-15    14A     FAILED     478 KT        BLEW OUT CENTER 

FIGURE 28.   SUMMARY OF TASK I PRELIMINARY BIRD IMPACTS (GROUP 3) 
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370    SSSSSSSSSSSSSSSSSg 1025 

WT-11   9A     OK     517 KT        PC CRACK AT TOP (CRAZING) PLEX OK 

Au FILM 

ggSS J: 
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WT-13   10A     OK     ^91 KT      PC CRACK AT TOP.    GOLD FILM OK.    PLEX OK 

WT-8 

.375 

11A   FAILED     509 KT        BLEW OUT CENTER 

i 
.370 Essssssssssssrossgssy i.oso 

WT.-10      12A     OK     512 KT      PC CRACK AT TOP.     DANGEROUS S/A SPALL 

FIGURE 29.    SUMMARY OF TASK I PRELIMINARY BIRD IMPACTS (GROUP 4) 
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3. The other thickness effect was demonstrated In Group 4,  The 
stiff outboard section of glass and an extra PC ply did not 
Improve the penetration over thinner designs.  In fact» PC 
cracking Indicated that the opposite was true.  Therefore, It 
was not necessary or even advantageous to pursue constructions 
which took advantage of the .500" allowable deviation from mold 
line. 

4. A floating ply of PC Inboard did not adversely affect penetration 
resistance, although no evaluation could be made as to the degree 
of improvement. One thickness iteration of unattached PC inboard 
was included in optimized flat panels. 

5. The gold 15 ohms/square radar reflecting film worked well on 
both glass and PC.  Adhesion of the film to substrates and of 
all 112 interlayer to the film was good in all cases.  In 
general, results were equivalent for similar specimens with and 
without coating, as a result: 

(a) Location of the film can be determined by its effect on 
optics, resistance to arcing or other reasons. 

(b) For cost savings, the film was eliminated from the balance 
of Task I bird impact test specimens. 

6. As far as bird impact resistance was concerned, there was little 
difference between glass, acrylic or fused acrylic/PC outboard. 
The final choice of a facing ply was then possible on the basis 
of other criteria, such as abrasion and thermal resistance, ex- 
pansion mismatch, residual visibility, etc. Both glass and 
acrylic were selected for optimized flat panel specimens. 

7. As-cast acrylic could be used as an inboard abrasion ply with no 
serious spelling or degradation of penetration resistance pro- 

vided PPG N-l cement or equivalent was used. Stretched acrylic, 
on the other hand, was unacceptable either with or without the 
use of adhesives. Large, sharp spall pieces were ejected at 
measured speeds up to 269 ft/sec during deflection of samples 
which used stretched acrylic as an inboard floating ply. 

8. A two PC ply edge section with thicknesses of .125" and .188" 
provided the best penetration resistance for the center impacts 
at the required 500 knots. 

Two other panels were produced w^.th preliminary constructions, 
but tested later. These panels listed in Table XI were originally 
intended for investigating the effect of LCOS restraint during 
deflection. 
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TABLE XI - LCOS RESTRAINT PANEL CONSTRUCTIONS 

SAMPLE   SHOT NO. 

15A 

16A 

WT-31 

WT-30 

CONSTRUCTION 

.125" Acrylic - .120" IL - .125" PC - .120" IL - 

.125" PC* - .120" IL* - .125" PC* - .120" IL - 

.125" Stretched Acrylic 

.125" Acrylic - .120" IL - .125" PC - .120" IL - 

.125" PC* - .120" IL* - .125" PC* - .120" IL - 

.125" PC 

*Included in extended edge section 

Specimen 15A was used to confirm spall characteristics and again, large, 
sharp pieces were ejected from the inboard surface during impact. The 
inboard PC of 16A was damaged with a chisel to simulate LCOS damage. 
Although cracks originated within the ply during deflection, they were 
stopped by the 112 interlayer and did not cause any adverse effect on 
bird resistance.  It is Interesting to note that the laminated outboard 
section of acrylic and PC used in 15A and 16A did not result in structur- 
al PC cracking as was exhibited with panels 9A, 10A and 12A which used a 
stiffer floating laminate of glass and PC outboard. 

The final Task I windshield bird impact tests were conducted on optimized, 
flat 26" x 26" panels which, unlike the preliminary specimens, included 
candidate edge attachments. Three basic constructions (five sample con- 
figurations) were developed using inputs from preliminary bird shooting 
and from the edge attachment, structural and material evaluation portions 
of this effort. Edge sections of the designs shown in Figure 30 and in 
the individual data sheets in Appendix 1 were selected for the following 
reasons: 

1. Acrylic-Faced (PC Inboard) (9030-17 and 18) - The advantages of 
an all-plastic design are many—impact resistance, weight, re- 
sidual visibility, etc. The preliminary tests showed that an 
acrylic-faced PC laminate was a promising design type. In this 
group, PC plies of .125" and .188" were used in the extended 
section. This combination met the dimensional allowance and 
worked well in 9030-13. A floating ply of .188" PC was used 
inboard to provide additional stiffness against thermal/pressure 
loads. 

2. Glass-Faced (Acrylic Inboard) (9030-19 and 20) - In this design, 
maximum abrasion and chemical resistance is achieved by using 
glass and as-cast acrylic facing plies which were an acceptable 
combination in the preliminary bird impact tests. In this case, 
stiffness was provided by the glass facing ply while again, an 
extended edge section of .125" and .188" PC was used to gain the 
major portion of impact resistance. 
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9030-l7A,B.C 

9030-I8A.B 

I 

9030-I9A.B 

.125 PLEX. 

.090   112 

.125 PC 

.090 112 

.188 PC 
060 112 
188 PC 

.125 PLEX. 

.090 112 
-.125 PC 
.090 112 

-.188 PC 
-.060 112 
.188 PC 

.110 GLASS 

.120 112 

.125 PC 

.090 112 

.188 PC 

.090 112 
060 PLEX. 

FIGURE   30. TASK  I   BIRD IMPACT TEST PANELS 
WITH   EDGE ATTACHMENTS. 
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FIGURE 30. CONTINUED 

SOSO-aOA.B 

.110 GLASS 
.«20 112 
125 PC 

.090 112 

.188 PC 

.090 112 
060 PLEX. 

\ 

9030-2IA.B 

.085 GLASS 

.090 112 

.125 PC 

.090 112 

.188 PC 

.120 112 

.085 GLASS 
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3.  Glass-Faced (Glass Inboard) (9030-21) - Problems with glass- 
faced plastic designs in fabrication and service originate 
from the 10:1 ratio of coefficients of thermal expansion of 
plastics to glass.  The 9030-21 design with glass on both exposed 
surfaces introduced a balanced cross-saction and also maximum 
surface durability.  Stiffness in service would be comparable 
to the existing glass windshield, yet during impact, failure of 
the glass plies would permit the necessary deflection.  Failure 
of the inboard ply would create spall which was to be evaluated 
for severity during this test series. 

Several edge attachment variations were made between and within the 
three material arrangement groups.  As can be seen in Figure 30, com- 
bination of straps, inserts, retainers and bushings (spacers) were in- 
cluded.  These were cross-referenced with tensile samples in the edge 
attachment program, as discussed in Task I, Section 3,  The retainers 
were produced from soft aluminum and in groups 17 and 18 were bent as 
shown in Figure 30.  In Group 21 which was tested after retainer "peel- 
ing" caused failure in the other groups due to direction of hydrostatic 
pressure down through the edge, the retainer was either removed (21B) 
or modified (21A) to Include a taper as shown on the data sheet for 
WT-29 in Appendix 1.  Epoxy-Nomex was used for both PC reinforcement 
straps and Inserts with thicknesses and sizes as detailed in Appendix 1. 
Strap and retainer bonding was via nominal .010" RTV 630. Where tested, 
aluminum bushings were used. 

Detailed data for '.ach of the eleven ahots can be found in the data 
sheets for WT-19 to 29 in Appendix 1 and the deflection data is 
available in Appendix 2. Several general conclusions were drawn which 
influenced selection of materials and the construction for the Task II 
windshield design. 

1. Edge Attachment - Although there was no major difference in bird 
impact resistance between types of reinforcement (straps vs 
insert), the edge attachment did place severe loading on the 
bolts, particularly at the rear edge. In several cases, bolt 
failure led to collapse of the edge during deflection.  It was 
expected that this would amplify the Importance of Impact loca- 
tion during windshield testii g in Task II, and high strength 
bolts were selected for Task II. 

Retainer geometry must be selected to prevent funneling of the 
hydrodynamlc pressure down into the edge, causing shearing of 
the extended piles. This can be accomplished by geometry of 
the retainer and elimination of a free edge where peeling can 
begin. 
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2. 

As far as bird Impact resistance was concerned, the RTV 630 
adhesive performed well.  In general, adhesion of the straps 
and Inserts to 112, or polycarbonate (using RTV 630), was 
better during Impact than the Inter-lamlnar strength of the 
epoxy-Nomex reinforcement. 

Transparency Construction - Based on both groups of Task I bird 
Impact tests, two bolted structural piles of .125" and .188" PC 
with various floating facing piles were sufficient to meet the 
center 500 knot requirement. The facing piles, however, con- 
tinued to show offsetting advantages and disadvantages In the 
final Task I windshield tests. 

Specifically: 

a. Failure of chemically strengthened glass piles during Impact 
deflection resulted In the ejection of spall particles and 
also complete loes of visibility.  In the Task I tests, the 
spall left normal to the bulge Inboard surface at average 
speeds from 296 to 315 ft/sec. Particles were embedded In 
styrofoam witness plates placed up to 40" below the target 
point. 
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b. Inboard PC - In the first series of tests, a floating in- 
board ply of .125" PC performed well with no degradation of 
residual visibility. In the second series of tests, the use 
of a .188" PC floating ply appeared to create a center 
section which was too stiff, causing edge shearing. This 
problem would increase for Impacts close to the panel edge. 

The balance of unique advantages and disadvantages for the all-plastic 
and glass-plastic systems was also apparent in the other Task I 
activities, particularly the thermal/pressure evaluation (Section 4). 
All tradeoffs were taken into account in recommending constructions for 
Task II and the following comments summarize plus and minus factors ex- 
hibited by the two basic design types. 

1. All-Plastic - Results showed that different plastic-faced lami- 
nates with thin PC structural plies would provide the necessary 
bird impact resistance.  In addition, considering the current 
state-of-the-art in protective coatings, thin as-cast acrylic 
can also serve as an Inboard ply and worked successfully under 
bird impact with no spall problems. In stopping the bird, all- 
plastic cross-sections retained useful visibility after impact, 
minimizing  the chance for mission completion. 

The primary problem according to our data was the degradation of 
visibility and structural integrity resulting from softening and 
plastic deformation of acrylic under extremes of temperature and 
pressure. An outboard ply of fused acrylic and polycarbonate 
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which was also acceptable during bird Impact did give better 
resistance to F-lll temperature and pressure conditions. The 
higher heat deflection temperature of the polycarbonate provided 
extra support for the acrylic while a fused outboard section 
which Is thicker than a monolithic ply causes a corresponding 
larger temperature drop between the outboard ambient and first 
Interlayer. This, of course, Imposes a weight penalty for a 
thicker, non-structural facing ply. 

The Important point, however. Is that there were several alter- 
natives available. By choosing one material at the beginning of 
Task II, the final design would not be Irrevocably fixed and 
could reflect changes dictated by thermal and impact tests on 
full-size windshields. 
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2.  Glass-Faced - Maximum abrasion and chemical resistance was 
achieved with glass outboard.  Interior polycarbonate piles still 
provided the required Impact resistance during flat panel bird 
Impacts. However, fabrication and service problems would exist 
If glass were used on only one face because of the 10:1 ratio of 
coefficients of thermal expansion of plastics to glass.  The 
"bimetallic effect" causes shape change as a function of tem- 
perature. For example, glass-faced test panels In Task I showed 
up to 9/16" residual bow over the 26" span at room temperature 
and windshields would experience even greater change. Con- 
currently, and especially when the "unbalanced" transparency Is 
restrained, high peel stresses are created at the glass-lnter- 
layer Interface with the potential for delamlnatlon or glass 
breakage. A design with glass on both faces Introduces a 
"balanced" cross-section and maximizes surface durability. 
Stiffness In service would be comparable to the existing glass 
F-lll windshield, yet, as occurred during successful bird Impact 
tests, failure of the glass piles permitted the necessary de- 
flection. Failure of the chemically strengthened glass did have 
parallel disadvantages since there was no residual visibility 
after Impact and spall was ejected from the Inboard face. 

One positive point for glass, of course. Is Its relative Insensl- 
tlvlty to temperature when compared with plastic facing materials. 
Although the glass Itself was not affected by temperature/ 
pressure loads, Its stiffness and relatively high thermal con- 
ductivity did accentuate Interlayer problems Including separation 
and bubbling at the extreme thermal/pressure test conditions. 

Basically, the Task I tests Indicated two areas which were found to have 
the potential for affecting the overall success In meeting windshield 
requirements and a Task II program was proposed accordingly.  First, It 
was agreed that preliminary temperature/pressure tests should be con- 
ducted on full-size windshields In Task II rather than In Task III when 
designs would be fixed.  Second, since two types of designs (all-plastic 
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and glass-faced) appeared to have merit and drawbacks for thermal, 
durability and bird impact resistance, the recommended plan proposed 
testing both types in Task II. In it, a primary all-plastic design was 
to receive the bulk of the investigation, but an alternate glass-faced 
one was included to undergo both thermal and bird impact tests. 

Both recommended Task II test windshield designs relied on an extended 
edge section of ,125" and .188" PC plies which met the 500 knot impact 
requirement. The constructions which were proposed and made for Task II 
and comments on the edgemembers follow, with sketches of the edge 
sections shown In Figures 31 and 32. 

1. Primary Design (Figure 31) (All-Plastic) 

.060" as-cast acrylic + .125" PC (fused) - .090" 112 - .125" PC - 

.090" 112 - .188" PC - .090" 112 - .060" as-cast acrylic 

Areal Density - 5.16 lbs/ft2 

The straps were to be .020" x 2.00" Impregnated nylon (Nomex) 
bonded with RTV 630 or equivalent. A .125" aluminum retainer 
was to be used outboard with rectangular geometry on the forward 
arch, beam and sill. On the aft arch, the proposed retainer was 
tapered, as shown, to eliminate the chance of "tunneling" by 
bird tissue. 

'   i 2.  Alternate Design (Figure 32) (Glass-Faced) 

.085" chemically strengthened glass - .090" 112 - .125" PC - 

.090" 112 - .188" PC - .090" 112 - .085" chemically strengthened 
glass 

2 
Areal Density " 5.76 lbs/ft 

In this design, the outboard glass ply was to be held around its 
periphery with a strap of .020" aluminum bonded to the inboard 
surface of the glass with a flexible adhesive such as RTV 630. 
On three sides, the beam, sill and forward arch, the glass was 
also to be held by an outboard .020" strap bonded to the glass 
and to a spacer/retainer with RTV. The outboard ply attachment 
was to be adhered to a .040" impregnated nylon spacer. The other 
three straps were proposed to be .020" x 2.00" Impregnated nylon 
bonded with nominal .010" RTV 630 or equivalent. 
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In the figures, the codes correspond to the following edge attach- 
ment details: 

(1)  -  .020" x 2" epoxy-Nomex strap bonded with nominal .010" RTV 
630 or equivalent 

(2) .125" x 1.375" aluminum retainer bonded with RTV 630 

(3) - .125" x 1.375" aluminum retainer (tapered as shown) bonded 
with nominal .010" RTV 630 

(4) "  .020" x 2" aluminum strap bonded to glass and (5) spacer/ 
retainer with nominal .010" RTV 630 

(5) - .080" x 1.375" aluminum spacer/retainer; tapered as shown 
and gap filled with RTV 630 

(6) - .040" x 1.375" epoxy-Nomex spacer bonded to (4) strap and 
.125" PC using nominal .010" RTV 630 

(7) -  .020" x 2" (plus .030" x .250" additional) epoxy-Nomex strap 
bonded with nominal .010" RTV 630 
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ALTERNATE DESIGN 

A)BEAMtSILL,FWD ARCH 

■ y 

4, 

^        '1 

B)AFT  ARCH SAME CONSTRUCTION 
AS  (A), ABOVE 

RE 32. PRELIMINARY TASK H  WINDSHIELDS 
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Task I canopy bird Impacts followed the same format as that used for the 
windshields.  The first scries was Intended to define basic limits on 
materials and cross-sections, while the second series pursued opti- 
mization, Including edge attachments.  Since formallzatlon of the canopy 
program placed It behind the windshield at the start, canopy constructions 
benefited from this spin-off. Another restriction of the number of 
possible canopy designs was the dimensional requirements for the canopy. 

The preliminary constructions which are shown In detail In the data 
sheets for WT-32 to WT-35 In Appendix 1 were as follows: 

TABLE XII - CONSTRUCTIONS FOR TASK I PRELIMINARY CANOPY BIRD IMPACTS 

SAMPLE      SHOT NO.    CONSTRUCTION (IMPACT SURFACE LISTED FIRST) 

9031-1A,1B    WT-32,34    ,125" Acrylic - .060" 112 IL - .125" PC* - 
.090" 112 IL* - .188" PC* 

9031-2A,2B    WT-33,35    .125" Acrylic - .060" 112 IL - .125" PC* - 
.030" 112 IL* - .125" PC* - .060" 112 IL* - 
.060" Acrylic* 

*Included In extended edge section 

The 500 knot Impact requirement was surpassed with two extended 
structural plies of .125" PC. This permits the use of .060" as-cast 
Inboard for physical Isolation of the PC rather than an abrasion- 
resistant coating If a .125" - .188" PC ply combination is used. The 
use of the acrylic Inboard does, however, tend to reduce residual 
visibility after Impact. The four preliminary canopy panels all pre- 
vented penetration from 485 knots to 536 knots with nearly identical 
center thickness (.585" vs. .588") and areal density (3.64 vs. 3.66 
lbs/ft^). The goal on the optimized parts, therefore, was to evaluate 
more diverse designs which would be lighter or thinner in addition to 
testing complete structures with edge attachments. Edge reinforcement 
and facing ply selection Incorporated results for Task I windshields. 
Sections of the final Task I canopy designs are shown In Figure 33, and 
the following comments indicate the rationale in their selection: 

1. 9031-3A - This design Incorporated the same PC ply arrangement as 
9031-2 which met the bird requirement. However, in light of the 
thermal/pressure tests, the monolithic as-cast acrylic of 9031-2 
was replaced by an outboard facing ply of fused acrylic/PC. To 
reduce weight (fs 3.46 lbs/ft^) and thickness, the inboard Inter- 
layer and as-cast acrylic of 9031-2 have been eliminated and the 
now-exposed PC ply was coated with 0-1 650. Edge reinforcement 
was via four .020" x 2" epoxy-Nomex straps (1) similar to those 
used for the windshield samples. 
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2. 9031-4A - Thermal/pressure tests Indicated that a glass facing 
ply may be necessary.  The 9031-4A specimen was an attempt to be 
under the .500" thickness limit with a panel providing a balanced 
glass design and bird Impact resistance.  Even so, this Is the 
heaviest of the proposed canopy designs at 4.04 lbs/ft .  In 
service, this design would exhibit stiffness at least comparable 
to the present F-lll 1578 configuration glass canopy.  The out- 
board glass had 2" titanium straps (2) configured similarly to 
the "A" light In the present glass F-lll transparencies except 
that the outboard strap was deleted from the aft edge. The PC 
reinforcement was .020" x 2" epoxy-Nomex. 

3. 9031-5A - The last design was the lightest of the candidate 
canopy constructions (3.11 lbs/ft ) and also was under .500" 
center thickness.  It Incorporated a high level of abrasion re- 
sistance for a plastic-faced design with an outboard ply of 
allyl dlglycol carbonate (CR-39). A comparison of the stiffer 
monolithic .250" PC used here and the doublet of .125" PC used 
In 9031-3A was Included to Indicate whether the poor performance 
of monolithic PC exhibited In the windshield program extends to 
thin plies at shallower angles. 

Only two edge reinforcements were used in -5A. They Included 
.020" x 2" epoxy-Nomex strap (1) and a .080" x 1.625" Inboard 
epoxy-Nomex spacer which is labeled (3) in the sketch.  In all 
three designs, the edge reinforcement material was bonded to 
the PC with nominal .010" RTV 630. 

The three final flat Task I canopy specimens were subjected to nominal 
500 knot Impacts, as described in the data sheets for shots WT-36 to 
WT-38 in Appendix 1.  In general, results were as expected based on 
previous flat windshield and canopy panels.  In the plastic panels, the 
failure of 9031-5A corroborated the poor performance of relatively thick 
monolithic PC structural plies witnessed in the windshield testing. Two 
plies of .125" PC, on the other hand, were again adequate to meet the 
500 knot requirement at 13.2° installation angle. 

The glass-faced design, 9031-4A, did prevent penetration at 526 knots 
with a single structural ply of .188" PC. Although it takes advantage 
of the ductility of the PC during impact, the glass-faced plastic would 
provide structural stiffness comparable to the present design in normal 
service.  However, this unique combination is offset by higher weight 
than all-plastic panels and the spall and loss of visibility attributable 
to breakage of the chemically strengthened glass during bird Impact. 

All candidate edge attachment systems performed as expected and no new 
conclusions were drawn from these tests.  The RTV 630 and epoxy-Nomex 
reinforcement continued to provide the necessary impact support for 
plastic plies. 
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In recommending optimized constructions for Task II canopy     then, 
several possible choices evolved. 

1. All-Plastic, Single Structural Ply - A plastic-faced design with 
a single .188" PC ply might meet the bird requirement, but It 
would be questionable structurally, particularly for edge load- 
ing. Also, there Is no fall-safe capability with the single ply. 

2. All-Plastic, Double Structural Ply - In preliminary flat panel 
tests, both .125" - .125" and .125" - .188" PC ply combinations 
have passed 500 knot Impacts.  In addition, the two ply, four- 
side edge reinforcement used in these constructions met the 870 
lbs/in tensile load requirement from -650F to +260oF. 

Double PC ply constructions have stopped 4 lb birds at 500 knots 
with different facing plies. Like the windshield, this granted 
the freedom to select the outboard ply for optimum thermal resis- 
tance and choose the inboard material (plastic ply or coating) for 
durability end cost. 

3. Glass-Faced, Single Structural Ply - This design was actually a 
modification of the present glass canopy with the addition of a 
PC ply for bird Impact resistance. Its good thermal and 
structural capabilities are offset by weight, spall and loss of 
residual visibility. 

Based on these observations and other results of canopy and windshield 
tests to date, two constructions were submitted for use in preliminary 
Task II bird impact tests on full-size left-hand canopies. The con- 
structions were identical except for facing plies. As shown in Figure 
34, they include double structural plies of .125" PC which sustained 
500 knot Impacts successfully. Both had .060" as-cast acrylic as the 
inboard ply since it was felt that this will provide better overall 
protection than current state-of-the-art coatings. Facing plies were 
either monolithic .080" as-cast acrylic as in (B) or, if required for 
thermal protection, fused acrylic/IC as in (A). For edge attachment, 
the outboard edge contained a .125" x 1.375" aluminum retainer and relr- 
forcement of .020" x 2" epoxy-Nomex. As was the case on the flat panels, 
all reinforcements were bonded to the PC using nominal .010" RTV 630. As 
with the windshields, aluminum bushings were included in the bolt holes 
to transfer bolt loads from the retainer to the mounting surface. 
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SECTION III 

TASK II 

: 

? 

i 

1.  INTRODUCTION 

The primary objective of Task II was to establish a basis to recommend 
a specific detailed windshield design to meet the contract requirements. 
To accomplish this, the major effort was to evaluate the response of 
developmental, full-size F-lll windshields and canopies of approved 
constructions to bird impacts at different locations at speed between 
500 knots and Mach 1.2. As a result of Task I work, a secondary but 
concurrent effort investigated the effect of required F-lll tenperature 
and pressure profiles. 

As before, the different areas of activity in bird impact .^•ung and 
thermal/pressure evaluation are discussed separately. The Task 11 
section is concluded with the windshield and canopy designs selected 
for Task lit prototype production. 
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2. THERMAL/PRESSURE CAPABILll'Y 

To further evaluate the thermal and pressure capability of the designs 
established In Task I, tests of full-scale windshields were conducted. 
Again, as in Task I, it was not practical to conduct all the tests 
defined as Endurance Requirements, so the most severe tests were 
selected.  This included the maximtrn Burst Pressure/Temperature, 
Maximum Crush Pressure and Pressure Cycling (Type 11).  Since laminated 
structures become more rigid with lower temperatures, elevated tempera- 
ture tests were assumed to be the severe test conditions. 

a. Test Facility 

Since aa F-lll production pressure fixture with cyclic response to 
20 psl existed, it was only necessary to devise a temperature 
system for the proposed tests.  Based on past experience and the 
rapid temperature response required, a heat blanket system was 
selected. Figure 3b shows the construction of the thermal system 
utilized. The thermal blanket, through a percentage off-on con- 
troller, heated the outboard surface of the windshield attached 
to a production proof-pressure fixture. Preliminary tests using 
an expendable plastic windshield Indicated uniform contact of the 
blanket to the outboard surface was necessary to achieve quick 
heat response. A repeatable system was designed to accomplish 
this contact using an outboard surface rubber cover under vacuum. 
A sheet of 1/8" silicoue was placed between the part and the blan- 
ket to eliminate any contact mark-off.  The fiberglass surface and 
stitches of the blanket readily damaged the acrylic surface at 
260oF in the preliminary test.  This was attributed to the 260oF 
outboard surface temperature and the vacuum necessary for tempera- 
ture uniformity and repeatability. Hence, a vacuum of 1 psl was 
maintained for all subsequent tests. Higher vacuum to 10 psl 
showed no significant advantage in temperature uniformity. Although 
the heating response obtained approached the desired rate of 260oF 
in six minutes, no method for quick cooling was possible. Hence, 
temperature cyclic tests were not conducted. 

b. Test Procecijre 

After the thermal system was finalized, a standard test plan was 
devised. Table XIII shows this proposed test scheme that was 
standardized by actual tests of the expendable all-plastic wind- 
shield No. 22. Tests 1, 2, 3, 5, and 6 are similar to tests 
conducted on 15" samples in Task I. 
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TEST NO. 

1 

2 

3 

4 

7 

8 

TABLE XIII - TEST PLAN 

PRESSURE (PSI) 

16-20 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

TEMPEBATORE (0F)   TIME (MIN.)   CYCLES 

Room Temp.        30 1 

260 15 1 

300 

260 

340 

340 

360 

Room Temp. 

360 

360 

10 

15 

5 

10 

10 

5 

5 

1 

1 

10 

5 

10 
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For each test as outlined above the windshield was attached to the pressure 
fixture with conventional fasteners. The 3/16" screws along the arches 
were tightened to achieve contact between the part and fixture. The 1/4" 
bolts along the rails were tightened to a torque of SO inch-pounds. The 
prescribed F-lll torqulng procedures were followed. The build-up was then 
accomplished as derailed in Figure 35. After making all the required 
connections, actual tests were conducted. 

Before each static test the heating blanket enclosure was subjected to the 
maximum vacuum of 5 to 10 psig. After all leaks were sealed, the vacuum 
in the outboard enclosure was reduced to 1 psig. At the beginning of each 
static test, the prescribed internal cavity was pressurized to the prescribed 
load of 12.5, 16 or 20 psig. This pressure was maintained throughout each 
test. The heating blanket was energized to heat the outboard surface at 
the maximum rate. Depending on the actual prescribed temperature level, 
it was achieved within six to ten minutes. After completing the prescribed 
exposure time at a given temperature and pressure, power to the heating 
blanket was turned off and the  pressure in the chamber was relieved. The 
outboard thermal system was then dismantled to enhance cooling. After an 
inspection of the part, the thermal system was replaced for the next test. 
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c. Sample Description 

Figures 31 and 32, Section 11-5, show the design of the two left-hand 
windshields tested.  Based on the results of Task I, two windshields 
were made: an all-plastic windshield with acrylic fused to 1/8" 
polycarbonate as the outboard ply and a windshield with glass as 
both facing plies.  To enhance fabrication, an aluminum spacer was 
utilized on the all-glass design, panel No. 29.  Each windshield had 
iron-constantan thermocouples embedded within the interlayers. These 
thermocouples were positioned at the geometric center. 

Prior to the actual tests, 1/8" strain gages were applied to the 
Inboard surface at critical locations as shown in Figure 36. Because 
ot the strain gage adhesive limitations, no gages were applied to the 
outboard surface. The temperature at various locations on both 
surfaces was measured by attached thermocouples.  These thermocouple 
locations are also shown on Figure 36. 

d. Test Set-Up 

Figure 37 shows the complete windshield test set-up. The uniform 
contact of the blanket to the outboard surface of windshield No. 28 
can be noted by the conformance of the outside rubber sheet. The 
deflection of the windshield was determined from the gage mounted at 
the center of the panel.  In order to achieve access to the outboard 
surface of the windshield, a hole was designed in the blanket. 
Although this hole permitted deflection measurements, it drastically 
reduced the thermal capability of the blanket in the central area. 
Hence, temperatures as sensed by the embedded thermocouples were 
erratic and not valid maximums for the particular inter layers. The 
temperature controller, temperature recorder and strain recorder are 
in the background. The valve at the right foreground was used to 
control the vacuum in the heating system enclosure. 

e. Test Results 

Results of the thermal/pressure tests are tabulated on Table XIV. 
All-plastic panel No. 28 successfully withstood 20 psi internal 
pressure for 30 minutes without any adverse effects. A creep of 
.008" occurred at this pressure hold with deflections increasing 
from .228 to .236". The maximum stress did not exceed 1000 psi. 
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OUTSIDE VIEW 

• OUTBOARD AND INBOARD 
THERMOCOUPLES 

• OUTBOARD THERMOCOUPLE ONLY 
tj STRAIN GAGE 

1/8 STRAIN GAGE BONDED 
TO IN90ARD SURFACE 

FIGURE  36.  STRAIN GAGE   AND   THERMOCOUPLE LOCATIONS 
ON   WINDSHIELDS NO. 28 AND  29  SUBJECTED 
TO   THERMAL / PRESSURE   TEST. 
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The first temperature exposure test to a maximum of 260oF as measured 
In the aft arch region for a total time of 18 minutes caused consider- 
ably more creep approaching .10".  At the beginning of the actual test 
the Inboard acrylic ply cracked.  This fracture originated at the edge 
near the center of the aft arch and traveled across the panel to the 
forward arch. Although no interIpyer bubbles or acrylic deformation 
were obtained, the sillconc sheet stained the outboard surface.  This 
stain corresponded with the heating element locations in the blanket. 
Because of this stain,  it was not possible to evaluate effects on 
optics.  In addition to the stain, some small indentations were 
produced in the outboard acrylic surface by small foreign particles. 
These imperfections were more noticeable after the next test at 300oF. 
As further Increases in temperature were achieved, the stained areas 
were found to be slightly depressed belcv the adjacent surface. 
Bubbles did not develop in the outboard interlayer until the acrylic 
surface was exposed to 360oF for 15 minutes. During this test (No. 6), 
bubbles ranging from 1/8" to 1/4" in diameter formed in the interlayer 
2" to 5" from the aft arch. This agrees well with Task I results. 

Subsequent cyclic pressure at the temperature of 360oF produced many 
more Interlayer bubbles. A total time of 120 minutes at 360oF, ami 
cyclic pressure loading to 12.5 psi produced numerous bubbles that 
accumulated and consequently deformed the acrylic. The panel continued 
to bulge during this test sequence with an initial deflection of .383" 
on the first cycle and a final deflection of .644" on the tenth cycle. 
Based on the outboard and Inboard temperatures, the outermost inter- 
layer was above 300oF. 

Results for the alternate design (glass both sides) were somewhat 
better. After no effects were caused by the first two tests at room 
temperature and 260oF, delamination developed in the third test at 
300oF. Delamination of the outboard glass ply from the interlayer 
extending 3" into the daylight opening developed along the central 
region of the aft arch. Subsequent test 4 produced an increase in 
this delamination. However, a thermocouple placed in this region 
indicated temperatures in this area were 35-50° abcve the control 
thermocouples. Since the all-plastic panel did not show any signi- 
ficant bubbling in this area, it was rationalized that this hot spot 
was a recent occurrence and not present during the earlier tests of 
the all-plastic panel No. 28. The next test at 340oF caused a few 
bubbles to form inside the delamination area. The number of bubbles 
correspondingly increased with the 360oF exposure of test 6. Again 
this agrees with Task 1 results. Bubbles formed in the glass face 
panel before the all-plastic design. In this test the aft arch 
delamination area heating rate exceeded the control temperature rate, 
but the delamination area did not substantially exceed the maximum of 
360oF. 
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The last two tests caused more bubbles to form In the outboard Inter- 
layer of the glass-plastic windshield (panel No. 29), but these bubbles 
remained isolated and did not grow and subsequently combined as 
experienced by the all-plastic panel. No. 28. This better performance 
without large bubbles for the glass-plastic design is attributed to the 
rigid glass facing, even though the higher thermal conductivity of the 
glass caused the interlayer to achieve somewhat higher temperatures 
than the plastic panel. A comparison of the bubble formation and 
associated effects for the two designs is shown by Figure 38. The 
first photograph shows the effect caused by bubble formation and 
associated acrylic-clad polycarbonate deformation.  Conversely, 
the lets severe damage of the glass-plastic panel is shown in the 
second photograph. Figure 38(b). 

The first cycle creep of .025" to .027" for the glass-plastic design 
was substantially more than the all-plastic. This was attributed to 
a higher structural ply temperature. Later cycles for the glass- 
plastic design showed drastic reductions in creep with only .001" 
in the tenth cycle. 

f. Discussion 

In comparison, bubbles formed earlier in the outboard interlayer of 
the glass-plastic design No. 29. This was due to the higher conduc- 
tivity and smaller thickness of the outboard glass ply compared with 
the acrylic-clad polycarbonate ply.  The outboard glass was .085" 
compared with a total thickness of .185" for the acrylic-clad 
polycarbonate. Also, the Inboard surface temperature of the glass- 
plastic panel. No. 29, was consistently higher than the same 
temperature for the all-plastic part. No. 28. Although the glass- 
plastic design was somewhat higher in temperature than the all-plastic 
design, the glass-plastic part was more rigid with substantially less 
creep than the all-plastic design for similar temperatures. The 
all-plastic design also exhibited some permanent deformation 
(increased curvature). The indentations and other surface danage 
produced in the acrylic outboard ply indicated another potential 
problem with this facing material. 

In general, the results indicate that the outermost Interlayer cannot 
withstand the prolonged constant temperature exposure achieved by 360oF 
outboard with cyclic prer^mre. This appears to be true for either 
design.  For the acrylic-faced version, interlayer bubbles led to 
acrylic deformation whereas the glass-faced design problems were 
delamlnation and bubbles. However, it must be remembered that 
these tests were conducted without any cooling of the inboard 
surface.  Therefore, extended exposures approached a steady state 
condition with a small gradient through the thickness.  Since the 
test set-up did not control the interior cavity at 750F consistent 
with the endurance requirement, the actual tests were more severe 
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than specified. Although this was the case, It Is felt that neither 
design would successfully pass the specified one life-time test, 
especially with the optics requirement.  In this test, the glass- 
plastic candidate was better than the all-plastic with a .185" outer 
combination of .060" acrylic and 1/8" PC. For an all-plastic design, 
a fused ply of .060" acrylic and 3/16" PC would be required. 
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3.  TASK 11 BIRD IMPACT TESTS 

Task II bird Impacts were made on full-size F-lll windshields and 
canopies. As In Task I, all tests were made using 4 lb birds fired 
from the AEDC launcher. As will be discussed In some detail, various 
impact locations and mounting conditions were employed for the wind- 
shield program. All windshield tetits were conducted at ambient "room 
temperature" conditions. The canopies, mounted in F-lll module hatches, 
were shot in the forward arch-beam corner in both ambient temperature 
and low temperature gradient environments. 

«w 

The windshield portion of Task II deviated somewhat from the program 
originally planned. Additional tests were required to evaluate the 
effect of mounting structure and to develop an optimized module 
arch-windshield system which would prevent penetration in the aft 
beam corner.  In order to describe the total problem, this report 
will document not only Task II bird Impacts, but related tests 
conducted both by the Air Force and by PPG INDUSTRIES. 

The preliminary phase of Task II included shots at five windshields 
of the Primary construction discussed in Section II-5 and shown in 
Figure 31. Panels were mounted in a rigid test frame, shown in 
Figure 39, and oriented to simulate the module installation. The 
goal of this series was to establish the worst impact location and 
to verify the Task I design recommendations. Impacts were made in 
the center, along the beam close to the forward arch, and in the 
aft arch-beam corner. Figure 40 summarizes the locations and results 
while detailed comments can be seen in the data sheets for WT-39 through 
WT-43 in Appendix 1. 

Before discussing the effect of mounting and Impact location, some 
conclusions were drawn about the windshield construction which related 
to the basic Primary design. 

1. The main structural plies of .125" and .188" PC provided a high 
level of Impact resistance, particularly in the panel center 
where plastic deformation was a maximum. 
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2. The facing ply of fused .060" as-cast acrylic and .125" PC acted 
as a single brittle ply> as expected, but did not lead to any 
structural failure during Impact. As a result, a facing ply of 
.060" acrylic and .188" PC, which showed promise for thermal 
resistance, was recommended to be tested for bird Impact effects. 

3. Under Impact in the 500 knot range, the inboard acrylic cracked 
but was held by the interlayer. Near the goal of Mach 1.2, 
Impacts led to large localized deflections which caused minor 
spelling of several small pieces of the acrylic from the bulged 
area. 
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704KT-"0K" 
NO PENETRATION 
PC SHEARED 

& 13-i 

KT-FAIL 
KT-FAIL 

NOTE: 
SEE FIGURE   31. FOR CONSTRUCTION DETAILS. 

ReURE 49.  WINDSHIELD BIRD IMPACTS IIS» FRAME 
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Even with the extreme local bulging from high speed impact«, there 
was no crack propagation from the inboard acrylic through the 
innermost .090" 112 interlayer.  Therefore, this interlayer was 
reduced to .060" to partially offset the addition of .062" PC 
in the facing ply. 

The edge system in general, and the retainer, bushings, bolts and 
ply reinforcement in particular, perfomed their required tasks, 
indicating no need for modification at that time. 

, 5.  As expected, large center deflections were experiejiced with thin 
laminated cross-sections. 

The more important factor in these tests, which had an effect on 
program direction, was related to impact location and mounting 
structure. 

i 
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1. The primary windshield construction provided different protection 
levels ranging from the goal of Mach 1.2, for impacts near the 
center to below the 500 knot requirement in the aft arch-beam 
corner, which was established as the worst location. The forward 
arch-beam corner was also shown to be a problem area with an 
impact resulting in extensive shearing of the PC structural plies 
but no bird tissue penetration. 

2. Shearing of the polycarbonate structural plies was related to the 
proximity of impact location to a restraining edge or edges.  This 
observation reemphasized the potential for panel failure due to 
restraining by the gun sight.  It was recommended that a test with 
an actual Lead Computing Optical Sight (LCOS) be made. This was 
accomplished under Air Force auspices, and is discussed in 
Appendix 3. 

3. High-speed motion pictures showed that there was negligible 
deflection of the frame during shot WT-43 in the aft arch-beam 
corner.  The use of a stiff frame was chosen for durability and 
to place maximum load on the transparency. However, in retro- 
spect it is now generally agreed that this approach may be 
acceptable for center shots but it is very unrealistic for 
determining actual penetration resistance in a location which 
will ultimately be mated to an existing airframe structure. 
Experiences outside of but associated with this program confirmed 
that different results could occur with aft beam corner impacts 
on windshields in different mounting structures: 
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(a) In July 1972, PPG conducted tests at ambient temperature with 
4 lb birds on full-sized F-lll windshields similar in cross- 
section to 9030-13A (WT-9) with as-cast acrylic outboard. 
The windshields were mounted in a frame, shown in Figure 41, 
which was less rigid than the second generation frame used 
in the preliminary Task II tests. In the PPG tests> a wind- 
shield was not penetrated by a 495 knot impact approximately 
6" from the beam edge and 14" from the aft arch edge. High- 
speed motion pictures' show more frame deflection than with 
WT-43. 

(b) In November 1972, the Air Force made 4 lb bird impacts8 on 
two windshields of the same basic construction as discussed 
in (a). The windshields were mounted in a standard F-lll 
crew module, i.e., without any modification to the trans- 
parency support structure. A 531 knot impact approximately 
8" from both the beam and aft arch caused a section of the 
arch mounting structure to fail, resulting in penetration by 
the bird. In this test, designated FM-2, the windshield 
itself was not penetrated and its structural damage was 
limited to tearing of bolt holes in the area of arch failure. 
The extensive failure of the module arch led to a program, 
awarded to McDonnell Douglas under Contract F33615-73-C-3142, 
to develop a suitable arch reinforcement which is documented 
in AFFDL-TR-74-40. 

ss 

With the flexible frame and module test results in mind, it was 
decided that the primary Task II windshield construction should be 
checked in a more realistic structure before design changes were 
undertaken. To do this, a corner impact (WT-44) was made on 
windshield 9030-25 mounted in a module as in Figure 42, with 
arch stiffening suggested by McDonnell Douglas and fabricated 
by AEDC. As indicated by the data sheet in Appendix 1, a corner 
shear failure at 503 knots was similar, although less severe than 
the previous failure of 9030-24 (WT-43), which was Impacted at 
509 knots in the rigid test frame.  Sections were cut from these 
windshields and returned to PPG Class Research for an immediate 
failure analysis to assist in selecting possible solutions to 
these edge shearing failures. 

Wrf? 

7PPG Technical Proposal AC-113072,   Scenes 10 and 11, November 30,  1972. 

8E.  J.  Sanders,   Investigation of  the Effects of Bird Impacts on the F-lll 
Crew Module,  p.  11, LTR-AEDC-VKF-ASA-1-73, March 1973. 
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1. Module Impact (WT-44) 

The primary fracture occurred In the 3/16" PC (inside) ply along 
the aft edge. The origin was approximately 3" long in line with 
the edge of the  .rch mounting surface.  It was located completely 
between the second and third gussets which had been used by AEDC 
to stiffen the arch reinforcement. The fracture started from the 
inside surface next to the arch ledge, and was apparently a shear 
failure. 

A secondary fracture in the 3/16" PC originated in the aft beam 
corner. The origin, like the primary, was located on the inside 
surface. The fracture face of the origin indicated a low stress 
failure which Implies that this corner offered little resistance 
to the Impact load.  It should be noted that this corner failure 
was not the result of the projecting first gusset which contacted 
the inside surface during Impact. This restraint did result in 
a local failure but it was not related to the three primary 
failure origins in the 3/16" PC ply. 

The third failure in the 3/16" PC ply was along the aft arch, 11" 
from the beam corner. Unlike the primary origin, this was not 
located directly in line with the edge of the arch ledge but was 
approximately 1/8" aft from this line. A second difference was 
that the origin occurred on the impact side of the 3/16" ply. 
The fracture face exhibited some plastic deformation before 
failure, indicating some resistance to the impact. 

■ | 
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The fractures in the 3/16" ply were stopped by the 112 interlayer 
separating the two extended plies.    This permitted the 1/8" PC 
ply to carry some of the Impact load before being overpowered by 
the impact.    The large amount of yielding prior to failure, plus 
the fact that the origin was located on the Impact-facing (tension) 
surface, indicate that this ply carried more bending and tensile 
load than the 3/16" ply.    This is also borne out by the amount of 
deformation around bolt holes 4-11 in the 1/8" PC which is not 
prue&t in the 3/16" PC ply. 

2.    Frame Impact  ;WT-43) 

The fracture origin of the 3/16" PC in windshield 9030-24 was 
along the aft edge at the arch end of the beam comer radius. 
It occurred on the inside surface (next to the mounting surface), 
in line with the outboard floating section, and probably started 
from some surface defect or damage.    The rest of the 3/16" ply 
appeared to have provided some Impact resistance which resulted 
in tearing along the support frame with origins on the inside 
surface. 
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The 1/8" PC fracture origin was located on the Impact-facing 
surface generally coincident with the nain origia in the 3/16" 
ply.  This ply did not appear to have carried as much load as 
the 1/8" ply in panel 9030-25.  In general, it was the opinion 
that windshield 9030-24 (WT-43) in the frame was slightly poorer 
in resisting the equivalent impact than 9030-25 (WT-44) tested in 
the modified module. 
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The foregoing analysis indicated a failure mode common to both wind- 
shields, regardless of the support, which had to be overcome to prevent 
penetration during edge shotfj.  In both cases, shearing started from the 
inside surface of the 3/16" PC structural ply at or near the edge of the 
arch support surface.  As a  result, this ply carried essentially no load. 
Although the fracture was isolated by the 112 interlayer, the 1/8" PC ply 
could not absorb the bulk of the energy and it then failed. 

Two routes were followed to overcome the failures in the aft beam 
corner.  First, it was the consensus of Air Force, PP& and McDonnell 
Douglas personnel that modification of the rigid test frame to simulate 
the El and dynamics of the arch would be time-consuming, expensive and 
inaccurate at a critical point in the program. Therefore, it was decided 
to combine the tests of the transparencies and the interim arch modi- 
fication in a crew module.  Second, two design changes were considered 
to overcome the shearing and excessive ply loading. 

1. Increase the bending radius over the support by rounding the edge 
of the arch ledge and adding a metal support strip under the wind- 
shield edge attachment. 

2. Increase the tensile load-carrylig capability of the extended edge 
section. 

Figure 43 shows cross-sections of three windshields which incorporated 
the design changes which were tested in the module.  The first con- 
struction shown is essentially the same as 9030-24 and 9030-25 with the 
exception of thicker PC in the fused outboard ply.  The changes for this 
iteration including rounding fbe sharp corner on the existing arch section 
and addition of a .025" x 1.25" titanium support strip. The titanium 
strip, tapered as shown, was not a load carrying part of the edge 
attachment but served to prevent shearing over the frame.  The right- 
hand windshield in the centet of the Figure had the same overall thick- 
ness as the primary design but with different internal ply arrangement. 
Here, the outboard fused ply included .125" PC while the .125" PC 
structural ply in the primary design was replaced with a .188" PC ply. 
This panel had a .020" x 1.625" 301 stainless steel support strip 
between the edge attachment and the module. The third panel at the 
bottom of Figure 43, had no support strip but contained a third full- 
size structural ply of .125" PC. All three designs continued to use 
the retainer, epoxy-Nomex reinforcement and RTV 630 used successfully 
on the earlier windshields. 
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Th« chraa revised windshields were teat ad In a crew module which, In 
addition to rounding of the mounting surface, ncluded McDonnell 
Douglas interim arch fittings. The relaforcements extended approxi- 
mately 13" from the beam edge along the aft arch of each pantl. 

D«talled observations for the tests WT-47 to -49 can be seen in the 
data sheatd in Appendix 1. For immediate comparison, module impacts 
are summairized in the following Table XV while portions of the panels 
appear in ihe photograph in Figure 44. 

As shown in Figure 44, there were improvements over WT-44 in the 
performance of windshields with two extended PC structural plies 
(tasts WT-47 and -49), even at higher impact energy. But, the 
changes since WT-44 were insufficient tc prevent penetration. 
Fracture analyses of sections of the two windshields tested with 
suppors scrips and rounded ends on the arch mounting flange revealed 
that the catastrophic shearing of the inboard PC ply which occurred 
in WT-44 had been eliminated. In WT-47, the fracture of the inboard 
FC ply began from numerous origins on both surfaces.  In WT-49, the 
origins in the inboard PC were from the outboard (tension) surface. 
In both casess the failures of the inboard PC were still coincident 
with the end of the arch flange. Th^ outboard extended PC ply of both 
windshields failed in tension from origins near the bolt holes. Over- 
all, however, ihere was only slight difference between WT-47 and -49 
insofar as the extant of impact damage experLerced. 

All windshield shots, of course, were Influenced by the performance 
of the arch raitxf or cement supplied by McDonnell Douglas. In light 
of the slight deformation of the arch in the Impact area, it was 
apparent that the rigidity of the modified arch influenced the extent 
Oi failure in WT-47 and -49. The critical rale played by the arch 
waa demonstrated by WT-50 which repeated the conditions of Air Force 
module test FM-2, discussed previously, with the exception of the 
additional arch support. In FM-2, tha "old" windshield with no edge 
reinforcement was not penetrated, but a section of the arch failed 
P8i<uiittin8 much of the bird to enter the module. In WT-50, the same 
windshield construction which survived in PM~2 was penetrated with 
more severe damage than any of the sections shown in Figure 44. It 
was appavent that a better windshield/arch combination was necessary 
batwean she ehernes of FM-2 and WT-50. Toward this end, McDonnell 
recommended that .070" be milled off the Inboard surface of the flange 
of the left-hand Interim fitting for subsequent testing. 

A windshield with a third extended ply of .125" PC survived a 520 knot 
impact in the aft beam corner in WT-48. The Impact resulted in no 
serious structural damage to the transparency (see Figure 44) or 
reinforced arch. Therefore, a windshield/arch combination existed 
which met the bird Impact requirement in the worst location. At 
61.3 lbs, this design was within the contract weight requirement but 
other difficulties, such as interfacing with mold line, low light 
transmittance, and an exposed Inboard PC ply, indicated a need for 
optimization. 
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Following the work discussed abovr, a review was held between PPG, 
McDonnell Douglas and the Air Force to discuss the results and 
coordinate future activity. Since optimized arch-windshield 
combinations needed to be evaluated for impact resistance in the 
aft beam corner, the final iterations were made on the three 
remaining Task II windshields. These tests were made in lieu of 
the temperature extreme windshield shots which were Included in 
the Test Plan but deleted at the instruction of tha Air Force. 

Two of the windshields proposed for final Task II bird impacts were 
three PC ply windshields which had thinner edge sections than 9030-33 
but included .0&0" as-cast acrylic inboard for maximum durability. 
These designs, shown in Figure 45, provided a direct comparison with 
9030-33 (WT-40); therefore, the basic edge attachment and facing ply 
section were retained.  In Figure 45, (1) is the aluminum retainer 
and (2) is the .020" x 2" epoxy-Nomex reinforcement used before. A 
titanium support strip (3) was placed between the panel and the 
mounting surfaces to increase the bending radius. 

The final windshield design incorporated changes in the two PC ply 
design intented to strengthen the edge in the critical aft beam 
impact area. As can be seen in Figure 46, a .025" :: 2" titanium 
insert (3) was added between the epoxy-Nomex straps (2) along the 
beam and aft arch. Along the rear arch, the inboard reinforcement 
(4) was .025" titanium rather than the .020" epoxy-Nomex used 
elsewhere. Other than a titanium support strip (5), these streng- 
thening items were not used on the forward arch and sill of this 
panel because of the reduced bird impact severity, to simplify 
fabrication and to reduce weight.  In addition, the .125" and 
.188" plies were reversed from 9030-31 and previous panels. The 
purpose of this was to minimize the impact bending stress of the 
inboard ply and increase the tensile load-carrying capability of 
the outboard (now .188") ply. 

Since an optimized windshield,arch combination was desired, the 
three windshields were matched with three levels of arch reinforce- 
ment. Two of the combinations are shown in Figure 45, while Table XVI 
lists in sequence the windshields and arches that were evaluated in 
the series, with the results for each. 
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TABLE XVI - FINAL WINDSHIELD TESTS - TASK II 

Test 
Panel 

Construction 

WT-53  Medium 3-Ply 

Arch Reinforcement     Speed   Result 

(Used) - Not milled,   516 KT    OK 
Hi-Loks removed. 
Added section* 

WT-54  Thin 3-Ply (Used) - Milled with 
all fasteners in 
place. 

WT-59  "Prfccary" with (New) - Milled with 
1/8" and 3/16" corner Hi-Loks 
plies reversed removed. 

*See text 

521 KT OK 

458 KT  Failed 

\ 

M 

t «i 

Both windshields with three PC structural plies survived aft beam 
corner impacts from 4 lb birds at 516 knots and 521 knots.  Support 
included the same McDonnell Douglas interim fitting as used in WT-49 
and WT-50 with two changes. First, the corner Hi-Lok fasteners were 
removed. Also, a second reinforcement had been added to strengthen 
the arch flange which had cracked during previous shots. This fitting, 
fabricated by AEDC/ARO with McDonnell Douglas engineering support, 
including .25" steel webs, began at the end of the McDonnell interim 
fitting and extended support 7.6" farther down the arch.  With this 
combination, there was more residual indentation of the inboard PC 
ply in line with the arch mounting flange than occurred with WT-48. 
However, there was sufficient rotation of the arch and support by 
the titanium edge attachment strip (which deformed enough to crack), 
that no PC shearing occurred. 

For WT-54, the horizontal leg of the left-hand fitting was milled 
at PPG INDUSTRIES, Works No. 5, to reduce its thickness from .200" 
to a nominal of .130".  In contrast to WT-53, the corner Hi-Lok 
fasteners were used for WT-54. With this combination of arch 
reinforcement and the thinner windshield with three PC structural 
plies, a relatively high energy impact was defeated.  There was no 
serious structural damage to the windshield. There was more 
permanent rotation and deflection of the arch than with any previous 
successful corner impact. As a result of this damage plus the 
cumulative effects of two previous shots on the left-hand side, it 
was the consensus of PPG, McDonnell Doug.1 as and the Air Force 
representatives that another test should be made.  It was decided 
to replace the arch while AEDC attempted to straighten the titanium 
arch reinforcements. Reworking of the interim arch fittings proved 
unsuccessful and a new milled reinforcement was manufactured for 
WT-59, the final windshield shot. 

■ * 
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In spite of the design changes discussed, plus a more flexible 
mounting, the aft beam corner impact area of 9030-38 was penetrated 
at a lower-than-requested bird speed of 458 knots. The failure, if 
anything, was more severe than the previous shots on two-ply designs. 
Analysis of the failure showed that the design was overpowered, 
exceeding the ultimate strength of the extended PC plies. 

WT-59 completed the Task II windshield bird impacts which included 
nine shots in the critical aft beam corner. Because of the importance 
of the corner impacts in the test program and in service. Table XIII 
summarizes all such tests including those which were part of inde- 
pendent PPG and Air Force programs. 

In summary, the main Task II windshield test effort involved bird 
impact optimization of not just the windshield, as defined in the 
Statement of Work, but of an interrelated windshield-arch system. 
Conclusions drawn froia this program of aft beam corner impacts on 
windshields in modified modules affected not only Task III wind- 
shield recommendatr.Jns, but the overall retrofit effort. 

1. An outer fused ply of .060" as-cast acrylic and .188" PC, 
dictated by thermal requirements, would not adversely affect 
bird resistance. 

2. Designs with two extended PC plies were not capable of sustaining 
aft beam corner impacts without penetration. All demonstrated a 
mode of failure with shearing of the Innermost extended ply which 
caused tensile failure of the other ply. 

3. Panels with three extended PC plies did meet the 500 knot 
requirement in the aft beam corner. In most cases, the three 
ply designs exceeded mold line at the edges, implying the need 
for aerodynamic fairings. 

4. A titanium or stainless steel support strip between the wind- 
shield and mounting surface tended to reduce edge shearing. 

5. Edge shearing was also reduced by grinding the top center of the 
mounting surfaces in the module to increase the bending radius. 

I ": 
Windshield arch reinforcement was as critical to bird Impact 
resistance as design of the windshield itself. An optimized 
level of stiffness was necessary between limits which caused 
either transparency or arch failure. 

Optimization of system to meet specific requirements (aft beam 
corner impacts) required actual hardware rather than test frames. 
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Initial Task II bird impact tests were made 01. full-size prototype 
canopies of the constructions in Figure 34 in Section II-5. Because 
of the limited projected area of the F-lll canopy in the installed 
position, impact points were based on those used for the Air Force's 
FM series,9 but approximately 2" closer to the canopy center beam. 
Both canopies were mounted in standard F-lll hatches. As the data 
sheets for WT-51 and -52 in Appendix 1 show, the canopies prevented 
penetration at 509 knots and 684 knots. The high-speed shot at 
Mach 1.04 resembles windshields tested under similar conditions with 
a residual bulge and minor acrylic spall from the end of the bulge. 
For the 500 knot requirement in the FM series location, the cross- 
section can be expected to be more a function of weight or structural/ 
thermal and durability considerations than strictly bird impact 
resistance. 

The possibility of weight reduction and low temperature impact 
resistance was considered in developing constructions for final 
Task II canopy bird impacts. In this group, gross weight reduction 
was proposed by elimination of the acrylic facings in favor of "hard" 
coatings.  It was PPG's opinion that Industry experience with current 
coatings precluded the use of current abrasion resistant coatings on 
the outboard surface. However, two panels with minimum weight and 
thickness ware included with coatings inboard. Shown in Figure 47, 
9031-39 and -40 have a thin abrasion ply of as-cast acrylic outboard 
and 0-1 650 coating inboard. 0-1 650 yielded maximum adheaion to 
the substrate in Task I tests, but with some PC embrittlement. In 
Task I, a 26" x 26" flat panel, 9031-3A with 0-1 650 inboard, survived 
a 497 knot impact (WT-36), with no damage to the inboard PC ply.  It 
should also be noted, however, that based on Task I thermal tests, 
the .060" acrylic facing section would probably not meet the contract 
thermal/pressure requirements. 

High temperature exposures under this contract and the AEDC wind 
tunnel tests sponsored by the Air Force showed that maximum temperature 
resistance was provided by fused acrylic and PC. Canopy 9031-41 was 
heavier than -39 and -40 (36.6 lbs versus 25.9 lbs panel weight) but 
promised better thermal resistance.  The bottom cross-section in 
Figure 47 shows a design with maximum abrasion and thermal resistance, 
but also maximum weight at 39.4 lbs.  Since this design was closest 
to the windshield construction, it was selected for initial impact 
testing at low temperature. 

9Ibid, Figure 11, p. 21. 
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As can be seen in the data sheets for WT-55 and WT-56 in Appendix 1, 
9031-41 and 9031-40 survived nominal 500 knot room temperature impacts. 
Although successful, the general condition of the canopies and the 
cracking of PC plies indicated that these panels were close to their 
penetration limits.  Two factors may have accentuated the damage. 
First, the strikes were closer to the beam edge than during preliminary 
shots.  Second, the PC cracking may have been related to the time- 
temperature exposure of the PC during cure of the 0-1 650. The coating 
itself did not act as a source of PC fractures even though it exhibited 
typical strain-Induced brittle cracking in areas of maximum deflection. 
Canopy 9031-41 exhibited a sharp, nonuniform bulge in the impact area 
due to failure of the outboard structural PC ply.  Post test analysis 
of the panel indicated that the unusual failure may have been the 
result of a crack In the fused ply propagating through a thin 
(approximately ,020") area of the outermost 112 interlayer. 

\ 

\* .v A,' 

v. y 

The purpose of the final Task II canopy tests was to evaluate the 
penetration resistance under -30oF outboard ambient to +750F inboard 
ambient temperature gradient conditions.  Both shots were marred by 
equipment and facility problems indicated on the data sheets in 
Appendix 1. 

The first Ir , temperature gradient test was made on 9031-42, the 
canopy design most like the two PC ply windshields. After difficulties 
in obtaining the proper outboard ambient temperature, equipment changes 
by AEDC did provide the required -30oF as measured by a chart recorder 
which monitored all ambient and surface conditions. When the panel 
reached steady state, it was shot in the same location as the previous 
two canopy shots, i.e., 8" from the beam, 12" from the forward arch. 
The Impact resulted in a penetration with a football-shaped plug 
blown Inward.  Inspection of the fractures shows that they started 
in the front ply and continued through the canopy unimpeded by the 
Interlayer^. This Is typical of failures at temperatures below the 
+20oF to +10oF embrlttlement range of 112 interlayer.  The shape of 
the flap is almost identical to that formed when one of PPG's ln-house 
test windshields was penetrated under +20F soak conditions. 

After the test it was discovered that AEDC's recorder had not been 
calibrated and that Indicated temperatures were approximately 110F 
higher than actuals, so that the outboard ambient was at least -390F. 
The temperature gradient (WT-57, Appendix 1) including the revised 
surface temperatures show interlayer temperatures, particularly 
between the structural plies, below the 112 embrlttlement range. 
Therefore, one would expect penetration at these lower-than-required 
temperatures. 
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It Is possible that the low temperature embrlttlement of the 112 may 
have been accompanied by brlttleness of the PC. As with the other 
two canopies In this series coated with 0-1 650, the time-temperature 
effect of the 230eF coating cure may have resulted In some loss of 
PC Impact strength as In Task I. 

For convenience, the six Task II canopy bird Impacts are summarized 
In Figure 48. The following general conclusions were drawn from this 
series, which Influenced the design recommended for Task III production. 

1. Unlike the windshield, the existing canopy hatch Is an adequate 
mounting structure for absorbing bird Impact loads on the trans- 
parency. 

2. As found In Task I, a pair of two .125" PC structural piles Is 
adequate to meet the 500 knot bird impact requirement. Protection 
Is possible close to the goal of Mach 1.2. 

3. High-speed Impacts with attendant large deflections may cause 
minor acrylic spall from the area of maximum bulge. This 
agrees with windshield conclusions. 

■ 

■i 

i 

4. The use of 0-1 650 for Inboard abrasion protection may reduce 
PC Impact resistance. However, quantitative bird data was not 
obtained. 

The constructions tested will not meet the 500 knot protection 
requirement under -30oF outboard ambient to +750F inboard 
ambient temperature gradient conditions. 

The second low temperature canopy shot, WT-58, was made on the lightest 
canopy cross-section.  In this test, temperature measurement was not a 
problem, but rather the bird package struck part of the temperature 
enclosure framework which did not fall completely beyond the bird's 
line of flight.  As a result, the actual impact point and condition 
of the bird package are not known.  In spite of these factors which 
would tend to reduce the chance of penetration, 9031-39 did exhibit 
some cracking through the laminate which permitted tissue to enter 
the module.  The recorded temperature for the center 112 was 22.60F 
which, experience has shown, is above the embrlttlement range for 
this interlayer system. 
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CONDITIONS:    ALL CANOPIES INSTALLED IN F-lll MODULE HATCHES 
IMPACTS WITH 4-POUND BIRDS 
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684 KT     OK 

QW »21 

ROOM TEMPERATURE 
12" FROM BEAM 
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509   KT     OK     ROOM TEMPERATURE 

-39 
rOfcOPl£XTI     .050 HZ 

.125 PC 

t-Cd 

I25"PC J    ^ 

«0 ^ 

520 KT    (FAILED) -30oF 0/B AMB. 
BIRD HIT FRAME 

9051 40 
pOMPuaa 030 112 

1 I                   ■                                                It 

l{ 1—T  
.125" PC j    1 

[I rr 
11 .125'PC 7T 

Lcdew 060 112 

500 KT      OK     ROOM TEMPERATURE 

£1 

la 

OfeO Pl£XU 

513 KT   OK ROOM TEMPERATURE 
8" FROM BEAM 

030 112 

ofcOPLexi 

060"PLEXI    030 HZ 

516 KT   FAILED      <-390F 0/B AMB. 

FIGURE 48.    TASK II CANOPY BIRD IMPACTS 
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RECOMMENDED WINDSHIELD AND CANOPY DESIGNS 

Conclusions stated in the previous sections were the basis of recommen- 
dations for Task III windshield and canopy designs. The basic 
constructions were proposed and approved at a Program Review Meeting 
held at Wright-Patterson Air Force Base in October 1973. 

The recommended Task III prototype windshield configuration in 
Figure 49 differs in several important respects from the Primary 
Task II test design shown in Figure 31. As the aft arch section 
shows, the most obvious is the three PC structural ply construction 
plus arch reinforcement dictated by the aft beam impact loading. The 
three .125" ply section was not the thinnest which survived aft beam 
corner impacts; however, it was chosen because of Air Force reserva- 
tions about potential optics problems with .093" PC. For the outboard 
ply. Task II stitic thermal/pressure tests and Air Force wind tunnel 
work indicated that a fused outer ply of .060" as-cast acrylic plus 
.188" PC would provide the highest practical level of thermal protec- 
tion. As explained before, .060" as-cast acrylic was selected as the 
inboard facing surface to provide isolation of the PC plies and to 
overcome drawbacks of state-of-the-art protective coatings. 

The aft arch section in Figure 49 also defines the edgemember arrange- 
ment recommended for Task III windshields. As with Task II parts, an 
outboard retainer was proposed, but for Task III, these were tapered 
to facilitate matching with fairings required to blend the thicker 
edge section with nominal mold line. The following taper slopes 
were based on McDonnell Douglas recommendations. 

1. Forward Arch - 7.5°. This angle permitted blending with the 
forward arch fairing. 

2. 

3. 

Sill - 10°. A larger taper was required to clear sill fairing 
angle support. The 10° angle permits .060" clearance. 

Aft Arch and Beam - 5°. On the aft arch, the 5° slope would 
permit blending the windshield and canopy retainers via a 
tapered filler. 

s-*  » 

While the beam, sill and forward arch retainers were flush with the 
edge of the fused facing ply, the aft arch incorporated a second 
taper as shown. Several possibilities were considered for filling 
the gap created by this taper with the final choice being a filler 
of Product Research Company PR1750 polysulfide. The retainers were 
made using 2024-T3 aluminum. 
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Structural relnforcaaerx for each of the PC plies was to be provided by 
.020" epoxy-Nomex "strape" bonded with nominal .010" RTV 630 to the 
inboard surface of each ply.  This reinforceuicr': differed slightly from 
that used in the panel with three .125" PC plies shot in WT-53. However, 
the reinforcement arrangement proposed for Task III was used for wind- 
shield 9030-36 which survived a 521 knot corner impact in test WT-54. 
By using the single reinforcement on the second PC ply, the second 
interlayer was reduced to .060". 

Other edge attachment items included a .025" titanium support strip or 
inboard retainer attached superficially to the innermost strap to 
provide bending support during impact deflection. Mounting loads 
between the retainer and support strip were carried by tempered 
aluminum "bushings." 

In the proposed windshield design, the 15 ohms per square coating was 
to be applied to the inboard (concave) surface of the middle PC 
structural ply.  The strap on this ply was slightly undersize to permit 
the film to extend beyond the daylight opening. Grounding was via bus 
bars to the air frame through bushings along the aft arch. 

\ 

A typical section of the recommended canopy design, presented at the 
Program Review, can be seen in Figure 50.  This basic design was 
tested for bird impact in Task II and as discussed in the previous 
part, the two structural plies of .125" PC have proven more than 
adequate in meeting the 500 knot requirement at room temperature. 
As Important as bird impact in structural ply selection was the 870 
lbs/lineal inch tensile edge loading requirement. Tests Indicated 
that at 260oF soak, the ply and reinforcement arrangement shown was 
the minimum which would provide the tensile load capability. 

As with the windshield, the canopy used an outboard retainer to 
distribute the mounting loads to the bushings.  In order to clear 
the fasteners, a maximum canopy retainer slope of only 2° would have 
been possible.  Therefore, a rectangular retainer was selected and a 
chamfer was added to the periphery.  In an actual retrofit application, 
the forward arch chamfer would not be applied in lieu of an additional 
aerodynamic fairing to be added to this canopy hatch between the 
windshield and canopy transparencies. 

kg 

With the structural ply arrangement and edge reinforcement fixed, the 
rest of the cross-section was based on a tradeoff between surface 
protection and weight.  In the recommended design, PPG opted a maximum 
reasonable durability. For the same reasons as for the windshield, a 
fused outboard ply was suggested.  In this case, .060" as-cast acrylic 
plus .125" PC would provide somewhat less protection than the .060"/ 
.188" combination used in the windshield, but saved approximately 4 lbs 
per canopy over the thicker outer ply. 
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Two methods of inboard surface protection were considered for the 
canopy. Both thin as-cast acrylic and abrasion resistant coatings 
were used in Tasks I and II and each have advantages and disadvantages 
as detailed elsewhere in this report. Thin as-cast acrylic was chosen 
for the Inboard facing ply because it provides maximum long-term 
protection for the interior plies and also because of the numerous 
field difficulties being encountered with current state-of-the-art 
coatings. At the Program Review, Air Force and SMAMA representatives 
concurred with this decision even though it resulted in a projected 
panel weight of approximately 40 lbs. 

At Air Force request, the 15 ohms per square gold film was deleted 
from F-lll canopies. This permitted a greater number of Task III 
prototype windshields to be produced with the coating than originally 
proposed. 
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SECTION TV 

TASK III 

1.  INTRODUCTION 

The objective of Task III was the construction of hard tooling and 
subsequent delivery of prototype windshields and canopies. Specifi- 
cally, the following parts were made and delivered to the Air Force 
for qualification testing. 

a. Structurally Acceptable Units 

Ten windshields (five L/H and five R/H) and four canopies (two 
L/H and two R/H) were to be delivered in which optics were on a 
best efforts basis. These parts will be utilized by the Air Force 
for bird impact qualification tests. One set of revised windshield 
fairings (P/N 12K3206) was also provided along with this group. 

b. Ready-To-Fly Units 

Eight windshields (four L/H and four R/H) and two canopies (one 
L/H and one R/H) were to be delivered which met all structural 
requirements and also current production optical requirements. 
Again, one set of modified windshield fairings was delivered 
with this group. 

The bulk of this section of the report will be devoted to a description 
of the physical characteristics of the 18 windshields and 6 canopies 
and how they compare with contract requirements. 

Task III did not include any test work funded by the contract; however, 
some edge attachment data has been generated by PPG's on-going evalua- 
tions and is included here for general information. 
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2.    PROTOTYPE FABRICATION AND DELIVERY 

In practice,  Task III was a two-stage,   overlapping effort of  tooling 
production and prototype part fabrication.    Modification of existing 
tools or construction of new hardware occurred prior to and concurrent 
with panel assembly.    A specific discussion and list of  tooling has 
been covered by other submissions to the Air ForcelO and it will not 
be discussed In this Final Report. 

Most of the questions about assembly and structural integrity were 
answered in Task II; however, some testing was done to verify the 
effects of changes between test sample edge attachments and those 
of recommended designs. 

Tensile load data generated in Tasks I and II was based on an edge 
attachment with two polycarbonate  (PC)  structural plies.    Since the 
Task III windshield cross-section Incorporated three plies of  .125" 
PC rather than the  .125" -  .188" PC combination, but the same number 
of reinforcements,   tensile tests were completed on 4.8" x 8" specimens 
of both edge designs.    Table XVIII lists  the results for windshields 
and canopies and provides a comparison with earlier data,  showing that 
comparable results were achieved at 260oF.    Although the windshield 
continued to exceed requirements,  the canopy still was just above the 
ultimate 870 lbs/in load requirement with little safety margin. 

TABLE XVIII - ULTIMATE TENSILE LOADING OF TASK III EDGE DESIGNS 

Edge Type 

Task II W/S  (1/8-3/16 PC)* 
Task III W/S (1/8-1/8-1/8 PC) 

Task II C/P  (1/8-1/8 PC)* 
Task III C/P (1/8-1/8 PC) 

Yield 
(Lbs/In) 

Ultimate 
(Lbs/In) 

1080 
1050 

1280 
1240 

790 
830 

910 
1030 

*From Table IV 

A' 

^Letter from J. F. Wilson, PPG, «o H. A. Wart, Jr., WPAFB, dated 28 March 
1974, Subject: Contract No. F33615-74-C-3077 Developmental F-lll Wind- 
shields and Canopies. 
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Although physical characteristics of Task II  test panels were 
evaluated.  Task III prototypes were the first  to  include a complete 
documentation,  particularly on the three PC ply windshield design. 
From lask II,   it was apparent that prototypes produced under this 
contract would not meet the contract distortion and deviation require- 
ments which were even more stringent  than those  imposed on current 
production parts.     This was discussed at the October 1973 Program 
Review and at that meeting, verbal go-ahead was given to use current 
F-lll production optical requirements  for distortion and deviation 
as the criteria for evaluating Task III optics.     Therefore,  the 
distortion and deviation data presented in Tables XIX, XX and XXI 
are based on these criteria.    The Tables present pertinent information 
on optical and structural panels grouped as specified in the 
Introduction. 

Task III optical windshields met the numerical requirements of 
Sections 5.1,  Optical Distortion,  and 5.3, Optical Deviation, of the 
current Acceptance Test Procedure (ATP)   for F-lll Windshields and 
Canopies.   ^ 

These windshields did not meet the subjective interpretation of 
Section 5.2, Visual Optical, which relates to immediately apparent 
bending, blurring,  divergency,  convergency or jumping of grid lines. 
The number of specific exceptions per panel has been included in the 
"comments" columns of Tables XIX and XX.    They range from 2 to 9 cases 
with the R/H panels generally better than L/H parts, due primarily to 
the relative quality of laminating tooling.    Figures 51 and 52 show 
gridboard photos of two windshields which demonstrate both the type of 
optical defects am" generally distortion-free center panel areas 
encountered in the orototype windshield development.    Figure 51 shows 
a left-hand windshield  (40161]. RF) which meets  the ATP requirements 
for Mark I and Mark II deviation plus  lensing and displacement.    Items 
which fall outside Section 5.2 for this windshield are the forward 
arch bands which encroach on the critical area and a bull's-eye 
located in the forward beam-side portion of the critical area.    In 
Figure 52,   fewer and less severe distortion bands are present in the 
forward critical area of this right-hand windshield  (401612 RF). 
However,   'his optical delivery part, which again meets the ATP 
deviation,   lensing and displacement requirements,  does exhibit aft 
arch roll-off present on most of the prototype windshields. 

^"Acceptance Test Procedure 501-2 for F-lll Windshield and Canopy 
Transparencies," pp.   4 and 5,  18 June 1971. 
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Those familiar with early 1080 glass F-lll windshields will note a 
similarity to the first eighteen F-lll retrofit prototypes. There 
has been an overall improving trend in optical quality during Task III 
and efforts are continuing in-house and on an additional eight prototype 
parts being produced under Contract F33615-74-C-3077.  Since these 
efforts are underway at the time of this writing, details will not be 
covered in the Final Report; however, areas under investigation include 
assembly and finishing procedures, laminating tooling and .laminating 
conditions. 

Air Force representatives (Captain D. C. Chapin and Major W. F. Provines) 
visited PPG INDUSTRIES, Works No. 23, twice during Task III to inspect 
prototype optics.  During the second visit by Captain Chapin and 
Major Provines, multiple images were compared between a production 
glass windshield and a Task III plastic windshield.  Two to three 
bright secondary images could be seen on the glass part.  Only a 
second image was visible on the Task III windshield and it was much 
dimmer than that of the glass part. 

Another important item from Tables XIX and XX, light transmittance, 
can be compared with Statement of Work requirements, and Task II 
predictions. At the end of Task II, windshield transmittance was 
expected to be 69-71% minus 10-14% for the 15 ohms/sq gold film. 
Initial windshield data with the Task III 112 interlayer, but not 
gold film, was 70.5% transmittance as expected.  However, the trans- 
mittance loss for the g^ld film on PC offset interlayer improvements. 
The average for Task III windshields was 58.8% and in no individual 
cases did any part meet the 60% requirement. Haze ranged from 1.2% 
to 3.9% with an average of 2.35%.  In all cases, the windshields met 
the requirement of 4% and the average approached the 2% goal of the 
contract. 

Table XXI indicates that the Task III prototype canopies at approxi- 
mately 42 lbs are heavier than projected based on the 39.4 lb weight 
of Task II canopy 9031-42.  The difference was due to increased 
retainer thickness and acrylic thicknesses greater than nominal. 
Of course, both are higher than the 30 lb Statement of Work require- 
ment as a result of the weight of facing plies included for 
durability. Light transmittance (76.7% average) and haze (2.2% 
average) both surpass the requirements of 60% and 4% respectively 
As with windshields, canopies meet the numerical ATP requirements 
for production F-lll parts, but do exhibit some apparent visual 
distortion as specified in Section 5.2 of the ATP.  Canopies, 
however, are closer to production standards than windshields in 
this area. 
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The Task III prototype transparency data reported herein was not 
Intended to be a complete study of the 24 windshields and canopies. 
A complete test program was planned for the parts at the destinations 
Indicated In Tables ' J.X, XX and XXI.  Structural windshields and 
canopies sent to Holloman Air Foice Base were Installed In a module 
for rocket sled bird Impacts.  Six structural windshields were sub- 
jected to cannon-fired bird Impacts at Arnold Engineering Development 
Center. One shlpset of structural parts underwent ultimate thermal/ 
pressure testing at Wright-Patterson Air Force Base. The ten optical 
windshields and canopies were delivered to Brooks Air Force Base for 
a complete optics evaluation. After this phase, the optical parts 
were tested at Wright-Patterson Air Force Base for one lifetime of 
cyclic thermal/pressure testing followed by retesting of optical 
characteristics and bird Impacts. 
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3.  PERFORMANCE SUMMARY 

Tasks II and III were to yield windshield and canopy designs which 
would provide bird resistance yet function as serviceable F-lll 
transparencies.  This section summarizes briefly how the prototypes 
conpared with Statement of Work requirements, as discussed in detail 
elsewhere and identifies possible problem areas. 

Tables XXII and XXIII are ltem-by-ltem lists of requirements or goals 
and performance levels achieved during the program, detailed in 
applicable sections. Windshields were within allowable limits for 
mold line deviation, weight and haze. The average light transmittance 
was below the required value by 1.2%. 

After much development work, a combination of wlndshljld and support 
structure was defined which will meet the 500 knot room temperature 
Impact requirement.  The windshii-.ld should provide higher levels of 
protection, approaching Mach 1.2 at mid-panel; however, it is unlikely 
that any practical combination could provide Mach 1.2 bird resistance 
in the aft beam corner. 

Thermal/pressure tests on full-size windshields Indicated that neither 
a .085" glass-faced or .060" acrylic plus .125" PC fused plastic-faced 
section would survive the maximum temperature/pressure combinations as 
originally specified in the F-lll Qualification profiles.  However, 
successful wind tunnel tests on samples with .060" acrylic - .188" PC 
facing, plus Air Force reevaluation of test parameters, indicate at 
least a better chance for meeting them with a bird resistant windshield. 

N j 

M 

A, 

n 

As far as optics are concerned, the subjective effect of distortion is 
the main problem area.  The Task III optical windshields met the numer- 
ical criteria for lenslng and displacement; however, there was still 
visually apparent bending of grid lines, particularly in the forward 
arch area and extreme aft arch edge. This subject must receive the 
main thrust of development effort as parts are produced beyond the 
initial 18 prototypes. 

Table XXIII, the canopy summary, shows that the approved design 
exceeded the outboard mold line deviation slightly and the weight 
requirement by a large amount (12 lbs).  The weight was added by facing 
plies which were agreed were required to provide the necessary thermal 
protection for the outermost 112 interlayer and abrasion protection for 
the polycarbonate structural plies. The two .125" plies were found to 
provide a high level of room temperature bird Impact protection, 
approaching the Mach 1.2 goal, at the shallow canopy installation 
angle. The 500 knot protection was not achieved with an outboard 
temperature of 9° below the -SO'F low temperature extreme listed. 
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There was no temperature/pressure testing on prototype canopies. 
Limiting factors in tests to be run at Wright-Patterson Air Force 
Base are expected to be .060" acrylic - .125" PC outboard ply and 
the marginal ultimate tensile capability of the edge attachment. 

Without the gold 15 ohms/sq coating, prototype canopies easily met 
the 60% transmittance requirement. This could be a human factors 
problem when contrasted with the approximately 18% lower windshield 
transmittance. As with windshields, canopies met the current produc- 
tion numerical requirements for distortion and deviation but did 
encounter instances where grid line distortion exceeded subjective 
limits. In general, however, the Task III prototype canopies were 
closer to production optical quality than the Task III windshields. 
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TABLE XXII - PERFORMANCE SUMMARY - WINDSHIELD 

STATEMENT OF WORK ACTUAL 

I.  MOLD LINE DEVIATION 

A, 0,23" I/B 
B, 0.50" O/B 

I.  MOLD LINE DEVIATION - BLEND 
WITH MCAIR FARINGS 

A. 0.06" I/B 
B. 0.49" O/B 

II.  BIRD IMPACT (4 LB BIRD) 

A, Requlremant 

1. 500 HT @ RT 
2. 500 H'i (? -30oF to +750F 
3. 500 KT (3 +200°? to +750F 

B. Goal 

J.    M-ch 1.2 

II.  BIRD IMPACT (4 LB BIRD) 

A. Verified ir Modified Module - 
Aft Beam Corner 

1. 520 KT <a RT - OK 
2. Testing Eliminated 
3. Testing Eliminated 

B. Goal 

1. Center Impact 

a) Mach 1.1 (727 KT) @ RT • 
OK (2 Ply Design) 

III.  PRESSURE-TEMPERATURE 

A.  Four Life-Times 

III.  FULL SIZE WINDSHIELD TESTS 

A.  To Be Evaluated at WPAFB 

1. Failed 360oF O/B, 12.5 psi 
(Task TI) 

2. Fused O/B OK, 10 Cycles at 
Mach 2.4 (Air Force Tests) 

m ^ 
' i 

rl 

IV. WEIGHT 

A. 69 Lbs 

V. OPTICS 

A. Transmittanc*; 60% 

B. Haze:  40% 

C. Deviation: 

1. Originally 

a) Optical Sight: 
b) Balance: 

6' 
8' 

of Arc 

IV.  WEIGHT 

A.  61 Lbs 

OPTICS 

A. Transmittance:  58.8% Average 

B. Haze:  2.4% Average 

C. Deviation: 

1. Meets Current ATP Numerical 
Requirements 

2.  Changed to More Stringent and Easier 
Interpreted ATP 501-2 Requirements 

Distortion: 

1. FZM-12-10952A, Section VII 

2. Changed to More Stringent and Easier 
Interpreted ATP 501-2 Requirements 
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D. Distortion: 

1. Meets Current ATP Numerical 
Requirements; Does Not Meet 
Sec. 5.2 for Visual Distortion 
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TABLE XXIII - PERFORMANCE SUMMARY • CAKOPY 

STATEMENT OF WORK 

MOLD LINE DEVIATION 

A. 0.20" O/B 
B. 0.00" I/B 

ACTUAL 

I. MOLD LINE DEVIATION 

A. 0.22" O/B 
B. 0.06" I/B 

II.  BIRD IMPACT (4 LB BIRD) 

A. Requirement 

1. 500 KT (? RT 
2. 500 KT @ -30oF to +750F 
3. 500 KT @ +200oF to +750F 

B. Goal 

1. Mach 1.2 

II.  BIRD IMPACT (4 LB BIRD) 

A. 

1. OK @ 509 KT @ RT 
2. Failed @ -30oF O/B & 513 KT 
3. Not Tested 

B. Goal 

1. OK (? 684 KT (Mach 1.04) 

1 

' i 
.:. - :.% 

III. PRESSURE-TEMPERATURE 

A. Four Life-Times per 
Windshield S.O.W. 

IV. WEIGHT 

A.  30 Lbs 

V. OPTICS 

A. Light Transmittance:  60% 

B. Haze: 4.0% 

C. Deviation: 

1. Originally - 4' of Arc 

III. PRESSURE-TEMPERATURE 

A. Best Chance - To Be Evaluated 
at WPAFB 

IV. WEIGHT 

A.  42 Lbs 

OPTICS 

A. Light Transmittance:  76.7% Avg. 

B. Haze:  2.2% Avg. 

C. &D. Deviation and Distortion 

2.  Changed to More Stringent and Easier 
Interpreted ATP 501-2 Requirements 

D. Distortion 

1. 1 in 20 Gridslope 

2. Changed to More Stringent and Easier 
Interpreted ATP 501-2 Requirements 
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1. Meets Current ATP Numerical 
Requirements: Does Not Meet 
Sec. 5.2 for Visual 
Distortion 
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APPENDIX 1 

Following are data sheets recorded for each of the bird impact tests 
conducted during Task I and II of this program. They are arranged 
in order of test (WT) number with the sample identification at the 

top of the sheet. 
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I nJ 

s»; 

r.: ■ ^ 
II 

ft  '' 

SAH?UE COPE ' 9CÄ0-4B 

THICKNESS; W AREALOENSITY JS36Lb./n'z pA.uELWT.-zz5Le. 

E06E SECTION :    1 

T 

g5M 
.■574-.^i ssssas^^^^s^sssss 

KSWW^ 

f P-Attts   GAS 
k-5«Eft«S>-^« 

 >*■   J ■ ^W       —; ^-7 

RESULTS CKS -26-73 @   ? 'F   AND   230IKSTALLATION AWSLE 

SHOT KO.*- wr-i   SPEED*, pttun •. 344- - BIRDWT. :4.17IB. 

REMARKS •• TW a«<0 (5^ kt)        ^.^ JT-Iä) 

BIRD »jemm>. Top e\^Er swefNt^p ^UOUMM^ TISSUE it) p<\5s 

SH^ ^ paui\ic/ OJT \K^ >^ eveu öW sues . 
Pl>( lu OoUTKa \im TRAue   Ft\\U&t)  WOK^AL "TO   ZWFtoOa   ANO 

P^O!PG^OH  fej\>e oßu^e TWev OWX- ?UC-S j (VS Sl\OV0H • 
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SAMPLE CODE •• <*»■**      (WT-Z') 
CONSTRUCTION•..«^"tvao4^-.t»''K. fis^/«)- .,zo4^- 

THICKNESS;.%o" A^CALDSKSITY : 5.^LB./pr* P/WELWT.-.U.SLB. 

E06£ SECTION :     , 
.^ HOM     ^^i^^^^^xV^^^ 

y t/trCVi 

^FJWST) ««CLAW . ^KAR) 

•F    AND    «0lN5TALLATlON AMSLE RBSULTS ON 5 -26-73 @ 

SHOT NO.-- t      SPEED: P^^^?' BIRDWT. •• 4x)o ^. 

REMARKS-. S*-/* (447W-)       (^^«rr-t«) 

6itofe«Erwa»%Tissü&-mieou6lH 6-7" m ?\)H(M^O TH^O^M 
m UNS um Pü\^. Fn^e ^AU^^D ^ TOHO^ WH etiaLv a^T^ 

C^CK iH ö[b 91^ 0? pc , \isi uie iviiru fa\m. &uos(BeGiNisT) 
AT w Eü^ eöcr ^ove. SuG*r ^eu\n. (z 5 IH

C
) \^m^ cm*^ sioffeo 

Tof CMHP cmo 6e «JesuAmiH^ 5iq>.      138 
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SAMPLE CODC -. 9030-4^ 
CONSTRUCTION-, .I^'A^UC- ,120"^-, 125PC- ^/L- 

THICKNESS-, .«go" AREALDEKSITY :5361»./** PAVIELWT.J22.BL6. 

E06E SECTION : 

T" ^ 
•   fruits '? 

U- 

. FlWt SOAXHK ON yp PC PUJOtTO "ItsT 

^PJONT) (W5 AR) Ofnp 

•p    AND      ^INSTALLATION AW6LE RBSULTS ON 3 -27-73 @ 

SHOT HO. - wr-3  SPEED J P^UM . ^ sso    B»w> WT. •• 4.00 Uö 

REMARKS •• (fm) (siokt)       f44,07t rr-te) 
ftoPiDvior penetm^.TUä BOLTS ^ve fton ce^^kof -mtaxät 

9c \)tfoaiQ> mw: rv naveo o\feiL rti^ne IK cew^-op TOP EO^ 

fbe.uv5 ^ors v am9s VoeM= IK Go^ees or m;^^ f^^e ( ^ 
ftA^e q\Mj5 u?teo ^yik' • Tot 50GE COM^L of THE nuwi^ ^5 
beveuep s( ^v)Ht>^ Mom iM7\w ijf\<sr swov . 
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SAMPLE CODE : 9ö3O-5A 

THICKNESS: .S7o' ARCALDSNSITY : 5.4-1 L5./prz PWELWT.-.K.S te. 

EOÖE SECTION : 

pcaws 

RESULTS OM 3 -27-73 @ •F   AHD   23 INSTALLATION ANGLE 

SHOT N0.:U)T-4    SPttD:^; ^o^BlRD WT. : 4^ L6 

REMARKS : Wm »&^ S^5 ^^ (4,3H ^'^ 
BiiLD peMEmAiQ>. Euxif^ cmm po^ow sa&/\r^ i BiEuuoar, \h PüEX 

^HO» ffön f^Kf. R^ AND mx OJWS m Kjor toiKiaDENf   ^eiM^ 
sroppei) ^ tix IM mu c^-fes . TOP Eoöe SKeAt/N^ IN mm m nm? IM 

CEWPAU iv" %uc£ 4  iMi. uwe ^(TR fos&r? 1/5 secrioM öV^ ECST op 
W ^ce.   tter Ytp^A sut^i^ ON omfe^ 3 eo^ iw UN^ uom 

; 
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SAHPLE CODE : 9c«o-5e> 
f    CONSTRUCTION ••  ^ ^uc- MO' I/L- .r& pc - (isjz,/sa fiml 

. 110"\/L - . 1ZS 'PC - , [ID' l/L -  , l^' PC 

' THICKNESS:.86o" AREALDEKSITY IB.^IB./PT1 P^ELWT.'. IZ ta. 

E06E SECTION :     Jfr^ W[ -^       LCC^<^<:4 

^ 

1 

1^ . 
|:*^ 
1   ^ 
t ■■--    - 
P   1 1vv« 
P.; ■     % 

'    W 
r S ■■'•' 

r    ] 
*     -V       '   '■ 

1    i L: 
1 1 

sss^^^^^^^ 
IS.\\SSSS\ 

fPAH&W^R^O 

>«-i»*" 

(R 
iMPw»ir Fwan srmisft 

\. >w»»ri»,,., 

(ttOHj) ihn? (UMO 

RESULTS OM S -W-75 @^50 •P   AND   ^3 0IKSTAUATIOH AM^LE 

SHOT K0.:*r-5    SPEED: ^ "'gfe^^ : ^ * 

REMARKS:  ^0 CfUhT) (5^^ ' Uö^rr-tß) 
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SAMPLE COOSL : goao-^ 
CONSTRUCTION- .i^teeouLne^ - .wd~ ^"TC- ^ \ji- 

THICKKSSS : .fcSO" AR^LDSKSITY : W L»./rTx   P^LL\WT.'. 15 L©. 

E06E SECTION :   , 
.83*3 - Ml 

3 
js «■   ^   a   a  e  e  ^ 

1 

LI 

punctw 

rpWNT) !^=HiiAnp (RBAR.') 

RESULTS OK S »2$-73 (^s-fe^F   AND   23^INSTALLATION AWSLE 

SHOT HO.- W-C  SPfiEDt^T^J??BIROWT. •• 4.i5 tß. 

REMARKS •• 4 - A* _ 

d^ ?Es\T>ufM. Vb\^\ur^. 51^0 Tissue: (rm^^s v^c-^ W^ ^ 

PUK Ate s^mut W Nßr  Co\ucA\)5ur. GODD 6uxs3-ia WSSIOM , 
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SAMPLE CODE •• ^-sc 

THICKNESS •• .wo" AREALDEKSITY : 536 ^rr1 PAHELNMT.'.Wä Lö 

ED6E SECTION :       -J ^^; .8^ 
,578-.351    ^SNSKSSS'SSS\N\^^VH        8^5 

T—'—I y m^d      i 

^'^xl_ „ £- 
AüftLn 

. o fi C 

t^—iii—i   xpvx iM cote 

"V^j"" 

-OftTtP (tEAK') 

RESULTS OK 3 -**-'73 Ofo-^s •?   AND   2.^0IWSTALLATION AWSLE 

SHOTKO.'VJT.l    SPEED:^C0l^BlHDWT. : 4.1« US 

REMARKS •• i6 - ZfC .   , .      _^ 

W3BjEaw {\bm vJESibu^u \Mt>enTivnoM) o^v-^ rt^ne  B^fota eo6e 
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SAMPLE CODE •• ^»-HA 
C0N5TRUCT10W • .»^HKROIU^I - AT*'*)*- ,Cw*PC - .&>% • .OtoVc^üC 

THICKNESS ;i.o(55" AR£ALDEKS\PC:7.4 tB./pTx P^ELWr.^TSLe. 

E06E SECTlOU : 

nAoot 

BUJOi) 

9lE:x C|f\oicb ^FCDNT) ^u^^W PiaeoTOP^MKAR) 

RESULTS OK 3 -2^-73 O&^^p   AND   ZS 0INSTALLATION AMSLE 

SHOT NO. •• wr-1 SPEED •• ISSJ^^J? BIRD WT. •• 4,is LB . 

REMARKS: I-^' lS0(l6W) ^.«>™0 
ß\^ 9tHe(tlW^». ÜErNiTCiL SECVlOM ^LEUO 00V   Ul^ SA ( SHOT U)T'4) -TOf 

O^ SttOVW to\Na^^   U)WU BOTH Off^T^ tJE^o^M 5^5 (^Ml) F{\(MMG 

stcnont) ^viD ft^H&. HOST o^^^ate^Na CDIKI^I^S wm\ fn\tiE   pc 

\H,öom) PvC^iuc ai«\c^e9 Iwttw ö^$m W inf^a PT^ ^D f\UL. 

Mt^/ saw %euKn (\Wv\o vc c^acs . 
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S^HPLE CODE •• 9Ö30-I3A 
CONSTRUCTION^^ ^.^^   ^^ 

E06E SECTION :       , ^-wf 

,400-<WS 
.^ 

fkK,  CLEAe. 

(REA^ 

SHOT HO.•• wr-l  SPEED^rSTfJiu^ BlRC>wr-/
i f ^ "* ^N 

REMARKS--S.'oOw")     ^ ,   Ai^      clKEO 
ßTO W WT VEwowt. to even ft cm« . OWBow^F«^ 

PUEX/VO vt/ awxeo W wov vertat e^£n foit, z-5 IN" V 
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SAMPLE CODE : 9050-|ZA 

1 

CONSTRÜCTIOH '. VlteüumiL- .ITO^/L- .IXS^Pc- ,I2D'|/L-  IZSV- 
.i2oi/L-lii5

4'pc-lito,i/L..as'/SnL.Acic/Mc 

THICKNESS ILOOO" ARCALDEKs»TY:7.^LB./rr1 PAWELWr.-.30.5 LC. 

ED6E 5ECT»OM : 

ST^PLDC OFF -) ^CONT^X lMbeMTAT)0M 

RBSULT5 ON 3 -29-73 @to^50F    AND     ^INSTALLATION AMSLE 

SHOT NO.: WT-IO    SPEED:^^:^BlRDWT. : 4.0 US 

REMARKS '. 4-/2.   SAHPtt iüB4EOTO> -^ 3 AüTDOAve 0,0« . 
ßiw) DIP MOT PEM&itP^ ^r sn^Ta^eo fmuc ^vm, i^s ^ea^> 

^^a.^ SfKu. P^o 5Uo^ ^aL ^ot-etx-^ ^.M^ mVSe 

^r.LU mAKib^noK S^JY  uAfcfeE THE ?C a^< ^veo ^ m u^ 

Hi m WR. i.af ^ 1,05" " 
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I 

SAHPLE COD& : 9030-^A 
CONSTRUCTION- .HO'WCWüUT^IL-^WV- .IZS^PC- ,IW»/L- .ittRt- 

THICKMESS-.UOZS" AwtALDe-HsrrY :7^SL»./nrx PAWELWT/.^.S te. 

E06E SECTION : i 
374 -379 

1/6 PC f Web 

^FIUDNT)      ^NRK^tncNraA2:\NS> / (REAR") V4 pte^e OF /vmc 

RBSULT5 ON 3 -^-75 @4o ^ »F    AMP    13 0lN5TALLATlON AM6LE 

SHOT MO.-- W-W SPEED-.TSm^U^i - BIRDWT. •• 4;ii LB 

REMARKS •• i-M' 0       (swW-) (48,^ FT-LB) 

i^K VD( (O/B IN eoe^"). Cmc BeT^&&M boq- WLES OH TOP ei^e ovet, 
^30.   V^^^H of  ^ fC ?li( I *($ ^ ^O^O ^ ^tVEfLAU  O^c^   |\130 ON S»t)e5 

k^ucc^cxto «öT '^0/> OP ^s-a^sr H^toüAL ^niMHeo wt^eo 
Um OUD( o^e sviML Tiece. Off we-At- \n?^<j PT . 

\nvKcr ciflseTo &OTTDH eo^e , 
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SAMPLE COOE ■■ ***'?* 
CONSTRUCTION ■• -Tso Pc CA«W> WK aws wtm öLtso. 

THICKNESS;.i5o ARtLAL0EKs\TY:4'.^>Lß./prl PA»HELWT.'»'2£L^. 

E06£ SECTION : i 

,GoKnM6?J>to^ (cwzeD) 

.750 NO«.  ac/,3D 

RESULTS ON 3 -29-75 @ -te »F   AMP   23 INSTALLATION AMSLE 

SHOTKO.-. W-rt SPEED g^^? BIRD WT. : ^IS^- 
.      k.|fc flHAL •.   8^5.7" 

REMARKS •• 4* • % (4^5 ^        (44,1^5 FT-UO 

MOST snfWJteiLiutxn LxC. fiwuxeoHTO eo^e eau^ o\v\ibo> ßevweEM 
w LINE \K)\TH f^-Ave  f\Mp m UKE UiTTH Corner roizxep ßy  oürtsow) f.NO 

(GotKiQt) fotf^eo ^/ omfcoiim) AMD iKeoAto secnoMs. Poenö^ ßeMft\MiK^ 
IN rmm \H one £MEC^ - ööOP fosiöM. 
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rir.^w'- ■ iM.Ji.WiUJWlllH -  —— —^^^^~ 

SAMPLE CODE : 9050-IOA^ 

. I^Pö.- aiöN/t- JWPC - .fto'i/L- .oto^s-CA$r ry^uc. 

THICKNESS-.1.025' ARCLALDEKSW^^ LB./^* p^EuWr/.^aStB. 

E06£ SECTION : , l^'Ä 

UOZBNort. 

Mvuc 

RESULTS OK 3 -^-73 ©^ts »F   AND   ^3 0IUSTALLMIOH WSLE 

SHOTKO.*- WT-ß   SPECD:w£U«. : WX ^   BlRDWT. : ^« « » 

REMARKS • i*7/^* OCCASIOW^L DVP?IOJIT/ IM D^U-IMö . (o(ß PL^^) 

t)\W) D\t) NOT t>&^W-Wt. KWeSPM TO <^\X> O&TeO 6LP6S   CDUPM^OT 

TO UMtoM^p weir>. OP-1^^ m HIOOIE ?^ iw une UOKU DEfomi^oNi 6\^_ 

T^PI^L pfje-Nuc 6tP6K ^m^ . NO oe^i^v^te pc^uc ^u-iMe,. Oimu_ 
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' '       ■    >   '      p --.wiptilW^WWW^ 

im 

SAMPLE Cooe •• 90^-^ 

CONSTRUCTiOM    .125"A6(^UC - .oVVL " -TSo'PC 

THICK^4ESS; tä*   ARP^LDP.KSITY : Lo\ ^./PT»   pAKELWT.:2S3SLe. 

ED6E SECTION : 

PIE* 
qwKS 

^PCONT) ^KAR) 

RBSüLT5 0N5-^-73@fcte*F    AND    ^3 ^INSTALLATION AM6LE 

SHOTKO.:^    SPWD^;^? BIRDWT. : 3.91 15. 

REMARKS •■ i'Vl cwk-O ^,^Pr-L6). 
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I 

- ^ 

*4l 
liif 

-- -w 

SAMPLE CODE i^0^-1^ 
CON5TRÜCTIOW • .OÖO^UC/.Ö^V - JZO'I/L. - .6^ PC 

THICKNESS-.341" AREALDEKS\TY:&*9ta./rr* PANELWr.- ZB Le. 

E06E SECTlOK : —L  |    üüül^^^    4^- 

CFRONT) ^A^ 

RESULTS OM 3 -^-73 @   - •F   ANP   23 0IMSTALLATION AMSLE 

SHOT NO.-- W-5  SPEED-.p^uti. '.wr.«) - BIRDWT. : iff &. 

REMARKS •• J» ysv (485^)        (4\,772 FT-IB) 

'S»«)   perAETWreD. ^T»g-e   c6HT«a<L  3ecT^o^4  ©UOUäM AOT. 

SNV6K^»AQ     <£>»\ TOP   El>ÄS     ^fPROK. 75 •?©   C«»jHCJDffMr w^>* B^cK. 

CpAüt^a   d^   SAcfc   S/Off    acvCRH   BDT  HO   PiBCff^   BLOC->^   Loose, 
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1 ijjjBwwu^BtfJinim' 
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■    11 

1 ■*' '■ 

^. 
v *. 

I 

SAMPLE CODS : 903o-5B 

CONSTRUCTIOH ' a^s'Ac^UC- .120%/i.- .^'pd 

THICKNESS;.87d' AREALDEKSITY: s.4iLft./rrx PAWELWT.-. 2* L^. 

E06E SECTION : 1 

"T 
-^^^UT 

,679 

RSSUUTS ON 5 -^-73 @    ? 'F    AHP     «6INSTAUAT10N AM6L6 

SHOT MO, • Mr-»!» SPEBO :{£?* S**@lÄD wr. = 4.i» IB . 

REMARKS •• I* ^it (^fct)        ^9)<j(t p,,^) 
£1*0   PeMVTR^TCD.   CMTIR«   CGNTfc^ 3EOlO^    &LJ**H   ö^r. 

T©p  ^t«ic   SACM^BO  öor  <ioi^o©i»wr wir^ B/vc«. FO^CP puy. 

(JO^JJ   ^s»ft|ei4 .   ^0.  VtE-ces   ©LocaA4   Lftftsfi*   /•Rc/r)   fOSBÖ PfiOBS, 
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j     ^vp   ■' ■ s^^^^5BBp!&;.^sws,w -  "• ' '   «■■■^it.atJiWtiillllPllilWIlllBilP^ 

SAMPLE CODE •. 9030-»A 
CCKSTRUCTIOK .  .760^0 

■ 

■   ■    ! 

\ 

: - ... * 

1?-^   :-■ 

q 

THICKN£S5: 750   AREALDEKSITY :+^ L»./rrx   pAMELWT.'.205Le. 

E06E 5ECTIOM : 

37^- 388 

RESULTS ON 5 -30-75 @ ^4 »P   AHP   ^3 0ir4STALLA(TioN AMSLE 

SHOT KO.-. wr-n SPEED ^^^J BIRDVSH-. : 4.16 LB 

REMARKS •• i ^ 0 IfIKT) (45^ KT ) C3^.^» ^'^) 
^«Kft    PR^eTBATTCO.    S/MAPkS"   CJENTE*.   S«C77e^   BUX-AA» 

6or   IUT6    /VppRoH.   ÄO   ^A^iNG    Sl^E   Pl«CCS.     Aw«0)».   75%   0^ 



I ifW«&#*J»>--«-t*«..'.|f!-t.w»«.-r 

.....   .    ...  ....        .    . ■ _ 1    '"       '  .        - . ^■^.■.^1.ty.ll^-  ..     ■■»■JtlJl ^sn^i^^süfiüsi^raimmi 

SAMPLE CODE : 9030-7A 

CONSTRUCTION • .125 ivc^uc- .I2O¥IL. .IS&'PC - .<y)ö"i/L- .i^'o/-, 

THICKNESS •• .856 AR&ALDENSITY -SSL LB./^ pANELV/r.^.TSLe. 

E06E SECTION : 

^sstHft t^Jm* ?i.y 

i .^^^   47- 
.444 - .4J&1 pssssfcsg^ssssvsv .s.s\s^   950 

^ssa 

1 
1 (  

RESULTS ON 3 -30-73 @ £4-#F   AND   ^INSTALLATION ANSLE 

SHOT NO/, wr-ie SPEED:JJ2^P;^! BIRD wr. •• 4.oo LE. 

REMARKS-.^o (gö4^ C^S^FT-IB) 

f^-f.   hit»  ^EäMN/G 0«. «.RAcitWG  ö« rop g-Dcp.   uiesr 

^«•ti^oAc oi^iB/t-iry e'x.cKUJFKsr. 
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'■•m^'immm   ^«w^»-.^.—          . ■;>■ ^ ■■ -->-.f   ..i,WIIJJ WV»i-!Wiii(.4i ipjj..!ia||]j»,pipp 

! 

'S 

I 
ü 4* 

1 .   V.      » 

SAMPLE CODE •• 90^0-i7A 
CONSTRUCTION •• .ß&VcAsr /vciwuc- .0^'^ - .125 PC- .0^0 IIZ- 

THICKNESS •• !K>^" AWALDEKSITY :S»iB./rrx P^ELWr.'• Z4 LB. 

C06E SECTIOMT  4_ ® *•"■Njm,Han w^«»«»' 
r_JU-^TIT \ (|) .(no")«.2.zi* Horte« WäRT (T^reit»o) 

d) .ozo** I.TS' MOMT» amAP «oNoeo w/~.flw'-.ort wy 4»o 

g) .otoxtfio    -  

RESULTS ON5 -7 -73 (5 fe&'F   AKP   ZVIMSTAUATION AM6LE 

SHOTNO.'.\Kr-\9 SPEED^vT-^lV* BlRDWT. : 4.11 & 
CO Piu^o.-. ^ol ^     K.E.   :   61,^3 f^Lgs 

REMARKS-. ,,    6^KT. # 

WOC J[ IQBKIWP 0M6JIL S'OW TO? ETÄE. »/S'PC  PCf ^EWtEO \N 
U^E VkHH EöVT WES  ftWUHD PEMErtLAnON   CoUC5VNe FAIUÄE Of 
»M«pr N pewentimoM (\«EIX. ^H^ VC ^ PWUE» oE^t^vq w 

uim ^rups »WöT mstför otLruMcnMii tot . ^gy 

Ha CWOö M^NEVE TWO »^ n «0« \wt*w|«M . 
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"; ^wi|y"«Aww*»pww»j.w'»^^ mmmmmmmmH^. " '    ■   tWWII^WI^PtfllgWMWllWl11-'■      .■ ■ ■    '-'    . .. I UiiliilLli IIIIJIJUI 

I 

*4 

J 

SAMPLE CODE : 9030-ISA 
CONSTKUCTION•• .i^lWruuitt-.Win-.\i5*ic- .o^r\ii-.!»«:• 

THICKNESS •..ISi' AREAL DENSITY :55TLß./rrl p^ELWT.'.24.0Le. 

E06E SECTION Q Sorr Aummvm WTWM«». 

© .o%o'K2.z6*HoMe» IH«WT d^reiwo) 

(D .016* 1.7s' Mo«sx amAf SONDCO w/-.aw-.ori wvwo 
(D .ozo\z.oo*    -        "   

(WKJ) ^AR) 

RESULTS ON5 -7 -73 @  W^p   AKP    230INSTALU\TION AMSLE 

SHOT NO. .NNT-TO SPEED: l^t^^ S5Q^S   ßlRD y^ . iMtQm>(4.ll 0 

CFMAOIC f^     *loH     KE-   '   41,"^^^ KEMARKS •• „        gig ^ 

E^nm 9f\s\eu wi^et? IQWJ^D ofo fl\c£ . 

^VLtn\M& Of \WSPC. X56 

■.   ■ 

iiü>k'        11)" niiii  MailiWiii'ilflMXI'ii    "T 1    in*1 



T •. mMmmmwmmmMßmm'msmmmmmfMUVn^iViV* wmmmmmmmmHBgtBKKKW^fmmmmnm!mm'm-,'''mmm^^ 

I 

! 

1 

.4 

SAMPLE CODE : 9030M3A 

THICKNESS;.6W>" AREALDEKS^TY: 5ÄLB./rr1 P^ELWT.-. 2^.6. 

CD6E SECTION :       ^-z"  J   ©sMTAum«M«nwTWM«t 

gw»! T   ^  ta     ■ -^^       ^3   (D .oio'* 1.7s' NOW* sm*» SONDCO w/row-.on wv 6»o 
^45-,4a4- 

T 
iM uwe 

RESULTS OMS -7 -73 @ 60'F   AND   230INSTALLATION AMöLE 

SHOTNO.-. W^\  SPEED:1^^ S^ BlRDWT. UÄS^-fm. 

REMARKS •• «      5\t w 

mmG TUB suEm> 'MX 'k"?c EKe pues oov RLOHG IHE mm 

Urcve OKeaNsie metf^ae  ^iw^e^ tr-mx OF eo^e 
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wp WIMMMH!iVl-Ja' U^UHMBi 

!. 

4 

..*4 

"■""Yi 

- ,J 

SAMPLE CODS . 9030-17B 
CONSTKÜCTIOH •• .l^A^-CAST AC^U^ .W%- .US PC- .<90 1^- 

THICKHSSS'.JIW ARtALOeKSlTY^.^LB./rr1   pA»UELWT.'.22.9Le. 

ED6E SECTION
1
? 

^0      »A t 

(^-t^o- 
Q SOFT Summon MTA»M«IL, 

@ .oio'« 1.7s' Notiex amAp SONDCO «/-.•O'-.O« KTV 6»O 

(g) .ozo'*2.oo'    -        '          

SfiSL 1 ^—'   * 

■ 

I 

RBSÜLT5 OM 5 - 7 -73 @   70 »F    AND      230|NSTAUAT10N ANGLE 

SHOTKO/. W-ZZ.SPao'^":^BIRDWT. : »^r^c^ 

REMARKS •• •»   •. su KT 

U\HC ov- z\ ^ovis Gone öN TO 0)^. Wwr umm^ m ^^ 

^a-s n^tt THm VKu-evi, wmie . 
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jp!AW.(iiimwju,.A4^ i^nmwmmwmmim. HI-IJ JIIIIWWUI i m^mimi»   ■ »wm nnun 

i 

us 1; 

SAMPLE CODE •• 9050-ZOA 
CONSTRUCTION-. .uoHeecüUTtnc- .\2DUZ- .^pc- .o^nz- 

." 

E06E SECTION J 31 
THICKNESS •• .7W AREAL DENSITY :557 «/rr1 PAMEL WT. • w.i L& . 

mo*- ,8007 
(3) SölT AumtM'm WTWMt». 
(g .cwo'».2.zi*HoHe« iu«arr (T^fe«»»') 

(D .010'* 1.7s' Mcmex STRAP «oN&eo w/r«»-.er* «rvoo 

(D .oidxtpo    -  
(D AuiHlMWri BUSHtHCk 

^FCONT) 
(REAR.') 

RESULTS ON 5 -7 -7B @ G^ •F   ANP   2(5
0IKSTALLATION ANöLE 

SHOTNO.-.vn-^   SPEEDtSf^?^!   BIRD WT. '. !6o5r ^98 ^ 

REMARKS •• ••   •. w KT 
§\u> X>K\> vi^sr PEH^me. Wo setAoos T»(\ni\6e 10 msi   No 

^ ^. tor. ™^, KS ^^ , KV su^^^t> ^,m^ 

159 

WfSPXm MM ia^5g igii filiiitM»iiiti-f''''^^'^^^-« 



■mmm1' Hü iBiniiMiiiimnnnrnimMniw ^^mmmmmmmm—*———- ■=— 

SA^HPLE CODE : 9030- I8B 
CONSTRUCTION  .Uö^-CASTACI^MC- .C^TIR.- .IISVC- .o^'ni 

THICKNESS-.W AREALDEKs\TY:53ftLÄ./rr1 p/^uELWr.^^Le. 

E06E5ECTIOM :    S**-^* 
i4."70-,^|- 

0 SOFT Aummun MTA>M«». 

d) .ozo*« 1.7»* Monsx TTRAP «ONDCD w/roto-.on nv t*o 
(5) .ozo'xi.oo'  

rCtACi< tH yß 

CWCW 

RBSULTS ON 5 -& -73 @  70'P AND     2VINSTAUATION AM6LE 

SHOTNO.-W-ZA  SPEED-.^n^l^^6 BlRDWT. :l83£fM.05L& 
MO-fe ^»IIM.\   B41 

REMARKS •• te^c mrs (SAEöW^ ^) on TQT ES^ \ mme^ mm&. 

uve iNmu f^He:. fwjjiB iKJ0ts& Turn m^ (vor^S WHICH 

STW^ Tom OR etm 
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w 

I 
I- 
r 

"^H 

i|y 

SAMPLE CODE •• 9050-21B 
CONSTKUCTIOW  o^Hcwocimt- .w lit - .a« fc - .o9o m 

THICKNESS :."W l" AREALDEKSITY ^.^S«./PT1 PA^ELWT. ÄÄLe. 

ED6E SECTION : mo-^s- 
(D .oto** 1.7s* Mo*«* smAP »ONOSO **/-.o»o-.on icrv wo 
® .010x1.00    -  • » 

(FWNT) ftEAR.) 

RESULTS ON 5 -a -73 @ 73*P  AHP   250IMSTAULA.TION AHöLE 

SH0TN0..W-15 SPCBD-.'Sf0 SS BlRDWT. :|8Ro^ni4.l5tß. 

REMARKS •• PPöS m wwuet. eß^'rfS- ftuosJD. I^ wm» wrnra z?) 

S^ mn sm f^ce; , SULL mn towtt s-wc^ iwmn ^ 
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;■■      < H    •• 

^  ii 
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SAMPLE CODE : 9030-20B   ^ 
CONSTRUCTION. .uo'HeeoüUTßX- .t^^- .12s PC- .o^'ia- 

THICKNESS-..783" AREALDEHSITY:5.67IA/PT1 P^EL\f>ft-.''24^Le. 
►784-.8nn 

C06E SECTION • I 0 s»fT Au««M«n MTM«». 
(D .(no K2.Z6* Hone» iM«aiT (T^reRfto) 

(D .010** l.Ts' HOM^IC amAP »oNDeo w/-.oio-.ori Wv wo 

® .020*2.00*     -  

0 taUHINVm BUSHIH6 

.^--430-^ 

^PrONT) 

PCOW 

f«^6  nJ    W   .wL v LL-i4-+5U6flr 

OPWZ.^ 
DWATt- 
«TPÜÖC 

BUUäe 

RBSULT5 OK 5 -8 -75 @     TTF    AND     Z50INSTALLAT10N AM6LE 

SHOT KO/W-Eib SPEED :1^^ 850^ BIRDWT. :l6lZqm.4.o(jß. 

REMARKS •• . 510 <r. 
Bi^ü ms toT veNermt. te^&t pKnt^e E:XCJ£?T CWCKS IN OITOWLD 

A^(\  VV^X ORCKS   CtftHEt)   SUÄ\*TL7   (\Mt) TWB^JE  /VH^^ TQ ^& 
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SAMPLE CODE. 9030-19B ^ 
CONSTROCTIOM •• .Uo'HeecOLJTEE-. i2D*UZ- .I15*(t- .Ö^IIZ' 

THICKNESS; m AREALOEKSITY -.bsj Lß./rrx P^ELWT.^A.Ite. 

E06E SECTION:     :796"-8U "^ ® son Aum.H«n «TW^ 
.400- ,419 '—1     j f ^-^-j^^    (D .o5o*K2.zs*HoMe»m«iiT (weiwo) 

- ,„; --T-t--.     --      ■ v   Q ^^) ^, j^,^^ 3mA(, gONoeo «/-ow"- ort «ry do 

® .02o'*2.oo*    -        ■ -       .    .    .   .   - 

won 

^WNT) (REAR") 

RBSULT5 ON5 -S -7B @ 16 'P    AND    25plNSTALLAT\ON AM6LE 

SHOTNO.-Wr-rT  SPEEDtp^^f^5 BlRDWT. :(875<?m-,4J5LB. 

REMARKS •• Acoc ^DCK /4-ZO ears AU. AWüHP . 

B\R|> OTO NOT  PENETRATE . Sa 9TO Of f TO CD^E . Mo X>m^ 
TO EtXSe AmWHEte  e&CBn htoMElC OAC^S  AT ßocr  HOLES AS 

PlEX CgACK«> «S OSVML , W  NO SPAU- V0U«r^OB^|L. 
^9?«0)C\MIKTE \" «ES^U^L EOtaE   WtTH SltöWT \tt MECKIKI6» ^ 
\/E^ rUHOIL OEV^M  PI CtfOtö  |H   HfcUMUM tMJlÄE  At^A . 
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\ 

SAMPLE CODE : 9030-17C 

CONSTRUCTION • .I25>S-CA^T AC^UC- .o%*ia- .iisfe.- ojo'irL- 

THICKNESS: &€> AREAL DENSITY.-5.58 ift./prx PAWEL WT.-.24.5LB. 

.öti-.870-1 ED6E SECTION9 

Off PW*N   S> -£ 
TOTtsr V       T 

(3) SOFT Aummun KTMNC*. 

(D .c«o\2.Z6*MoMeu iMvuer (imrewo) 

(D .ozoT* I.TS' Konsa SWAP SONDCD w/-o»o-.ora nrv 4*0 
•OZO'-AI.OO*    -       ■          

j  (D ALUMIMUM BUSWMft 

^FCOIMT) ^EEAR) 

RBSULT5 ON 5 - 8 -73 @   78 »F    AND     25elMSTALUATlON AM6LE 

REMARKS •• AEDC BOOS (sorr) USED . 
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    .»HiP " ■■M 

I 1 

)^M?LE CODE-9030-2^ 

CONSTRUCTION. .^^^^ ^"^^une^lL 

THICKKESS-..79\" AREAL0EKS\TY:535«./rr1   P^ELWT.-.2G.5Le. 

E06E SECTION 0 SBfT AtMWMOn MTWM6». 

(D .oio** ITS'«o*int 3TKAP soNDeo «/-'.•o'-.otiRrvfc»o 

® .ozo*t.oo    - 

o o « • 4 •_*__?«» • » » >4* * * % 

(FCONT) 
( ZEAPO 

RESULTS ON5 -8 -73 @ 76 •F   AND   a50lKSTALLATioN AMSLE 

SH0TN0.'.V4T-Z8 SPEED:pttUH ^ g^wBlRDWT. • l8l4qrA; 4.00 LB. 
Uo.\0 WKT^^H.-.   ^^M* K.E.  :   te^Jr1-** 

REMARKS •• ^^^ ^^c «DUS        0^3^H¥^-C~"^ 
□QZ3 

or TO> EO^t «ETWUEtL «JEtlO^tD 

^^JL »\Htßw«> ^pfju-veftjPotKTEo fo\L o/e*. fowh puyc0> vöznqu^ 

WV^Vil?» .USWJ^  Nfcnci^ i ,0(pV.\tifeV.'75o". 

snw, *<- NUTOTOD ^ ?eAte wr H^we^ c^vy. wot ^NTO vc . 



"        «...,.....,...„.. 1  ! n-1   " i.iiiiJiiimi 

■ 

I 1 

SAMPLE CODE :9o30-l6A 
CONSTRUCTION. W,Ascu5TAe*YMc.-.i^'//2-- .izs"p<L-.i2o"hi 

lt5"RL-.l^o,, iit.-.»x5,'PQ.-..\2o,,Hi- .iis'pc- 

E06E SECTION : 
THICKNESSIUOS" ARCALDeKsiTY:i:.»tLft./prl pANELWr.:28.5Le. 

c^^L^^ eewwi^ «EL nwe 

IMPW - 

OAdcs 

EKPSC 

RESULTS ON 5 -9 -73 @ Gl •F   AND 230lNSTALLATlON AM6LE 

CHAm TO «TlulArE REMARKS •• IWBD.PC cor wmi öWS^^SY O.C 
*M^   *M*toK rnmur.        ^c 

Wie* K> Tm>M in stoc^. outts me» \>^Ko6vrxop 
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•; 

t» 

a*^ 

SAHPLE CODE-.^H)-ISA 
CONSTRUCTiOW'. .U*MAS^*T ^OL-iUc .^" »IT.-.its"^- .izo'W 

THICKNESS-.WOB" totALOiiHsrri.ur vb-lrr* P/W£LWT.'-27.81.5. 

ED6R SECTION : 

J 

RßSüLTS 0N5 -^ -73 @   ^6#F    ANP    ^5 0INSTALLATION AM6LE 

BIRD WT. •• na7«n •, ^.94-13 

REMARKS •• Keoc ^on wöcpi iw öäE . 
BIRO om MOT peNerewe. t^ ^rt^twÄ «- smuorowu. oAmse-. 

CPwsioatAstE sitercweo PCI^üC ^PKUL . U\^s ^Ajq> Pieoes . 

Cr/ eocps itaio^co fwn To? tetySie tyy? m effenr OH 
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-./ -■■;.   ■:    ;.■ :^a 1       n" n -^^^—^-^W 

^•■..r •I 
ma 

SAMPLE CODE : qo3i-iA 
CONSTRUCTIOM'. .l^S<A^r ACC/UC- .Oto^lIZ.- .l^sVc- .O^V- 

.180" PC 

THICKNES 5;.sas" AREAL DENSITY: 3.^ LB./pr» PANEL Wr.: \L Le.io^ 

EOSE SECTION : 

.4-ir 040 112. 

s^fet^^^^s^sss^ssW :AI^ .uon 
■\&b?c 

^ 

i. 

(f&m) (KAR.) 

RESULTS ONS -^ -73 @ T+'F   /w I vz"INSTALLATION AMSL^ 

SHOTt^.-.WT^  SPEEDS'S^    B.RDVVT.:l«Wr--fl8U. 

6» o»i> NOT PEMEre«». IMPACT OF »I» JUST M- R^O C^- 

SW10N- N» BOO*. m*v60 i » WT^SCL^^ ^^^ 

W^ IN ^ ^ AS WWVJ. |^ itsiDbW. %ütäE 
ooop tesuwL. vtyEmry 
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x 

i 

'' \fe!A!ft)fJ!iliUiw^>*s?s^sw«r«wwsB»t 

I 

SAMPLE CODE •.  9o3i-2A 

.030* .its' 

THICKNESS iW AREAL DENSITY :3L^ Lft./rrl PAMELWT.-. u^Le. 

E06E SECTlONi: i 

PUE< OFF >v    I 

T" T \mm .V25 PiX)(. 
0.0 112. IT 
125 PC      -560 

•USPC 1 

M-l 

RESULTS ON 5 -^ -73 @ 74 •F   AND i3^INSTALLATION ANGLE 

SHOT N0.-.^33 SPEED: 'SSÄf^^    BIRDVVT. :   neiGMs 

REMARKS*.   SOFT A^DCL BeuTi   ^^  ,v 

PP^VA   iK »0^0.0 Puy.   % ^^^ ^^vc^,^^,,^^ e^uT-Äua-zu. 

SPM-CA*   PC^euKViTiioa   iMreiuod»   ffKcfLoAc^rABoor   itttcjs   sonar 

cgA.C4cs   PoÄMetD   P<->^NJ»  Mov*isjrr/r>/&. 

^.esv^Lxu. u^is/uT^ «»RAIL r)«ft(Wu /-A C«-»iT.3t) ^0 Äe^/00/K-, 
ÖtÄÄ«?. 169 
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^^mmm^n^ß^^^mmmmm^miw^^mpmmmmm!mmf^^-"^^msK^nB ■■——-— 

\ 

--■J 

SAMPLE CODE = 9o3i- <ä 
CONSTRUCTION•• .«5"M CAST Aa^c- -«->"i^ - -^»"pt- .o^« 

112.- -ir? "PC 

THICKNESS-..seB" AREALDSHSITY :jLt4> iB./prx PAHELV/TV. 14.5 te. 

ED6E SECTION : 
i .IZSPLä*     4- 

T 

RESULTS ON 5-^-73 @ ^^ •F   AHD 13.2. 0INSTALLAT!ON A^SLE 

SHOTH0.-U3T.ä4  SPEED-.JSS^f^!^  BlRDWT. :   lÄfioGi^i 

REMARKS-. : «wvm 

"BiR^ oio  KOT- PffUffTTLA-r/s. äss&vnA***} No STRocrttuAC 

"DArM^ae Tb VAKiEu*   No i>AA»/v<kar ro iMp^cr SOä^/VCS- <O/C 

AJS woo icivreEO .  £.\ *JBa-*-*AJr AÄnpu^vt. \/ii)^<utTy- N/O 

170 
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^ 

v 

S^HPLE CODE •• ^031-2B 

THICKNESS-. W AR!iALDEKsiTY:3.c-4ift./pr1 PAKELWT.-. ^ te.o 

E06E SECTION. : 

•» 

i 
•9B" 
.43.' 

T" 

^^^^v^lvl■^ 
T mmam 

^\M^^^^^^^^^^^^^^^^^^\^^^^^.^^^^^^^^^.^k^^Tr^   .o-JoU 

.CK.O 112. E 

RESULTS OMB -9-73 @ 7i*F   m> ß.2.0iNSTAUATioN AWSLE 

SHOTKO/.\Knr-%SPEED:K'WfK.   BlRDWT. : iM^' 
53iKTS "FIMW-*   8%«    K.E.    .   So^yi Fr-L8i 

REMARKS •• SOFT WSC BDOT oseb. 

cw^n> «B/em^ w NO SPALL. . 
^flU1C*»*di& tJOErTO ttJEnJWl)&5 flüVl6   ^E^XlN6 FtOH 

DmweAM mu>^E. 
tEsttw^. v^i^vury wcnterof few. cAwpy pf^as. Su^ 
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IT-: I 

J 
*< 
V. 

SAMPLE COPE ; 9031 -^A 

CONSTRUCTION •• .pa'As-asr ACRTUCI- .oasVc (FUSCP) - .OOO'I^ - 
.I25"PC - .oao'iiz - .lasV (01 tso) 

THICKNESS=.553" ARCALDENSITY:3.46i*./rr» PMäLWT.^LB. 

EOSE SECTION : i     ™.[F =) 

cwwtmo/Bye'Pc 

//■ 

|p?f 

TPCONT) ^ttAR) 

RBSULTS ON 7 -9 -75 @   K «F    ANt> I3.i »INSTALUATION AM6LE 

SHOTNO.-.wr-^, SPttOÄVIST   BlRDWr = 392« 

REMARKS- ^4*3   KE-   •^SFT-.B 
6lM) WO NOT 1>B*BTW(re .  OutWM* fosee to CjACKfift AS A 

fct» cennK, cwaei) WIN« IMP^ ta « USON.   wn- -m.^ 

1  -» r» 172 
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ä 

SAMPLE CODE •. 9031-4A      e , . 
CONSTRUCTION • .Oö5"HCRCüuTE3t- .060* uz - .188"PC - .o«m- 

.085%rtERa)UTBX 

THICKNESS;.478" AReAL0ENS\TY:4WLft./rrz P^ELWT.-.Iö^L6. 

E06E SECTION : 

( 
•NöTrwiwmSW 

^   .                      1 
 ..                                         1 

y     „■..•■■    * ■ 

RBSULTS ON T -10-73 @ W 'F   AND tol INSTALLATION ANGLE 

SHOTKO/WT-W SPEED;^^'®0^5 BlRDWT. : 4.04-IB 

REl^tARKS *. "     -- 5Z& KT 
8UU) 0\D WOT PEHETUKTE .  tfe STILÜCTOWML I^HÄÄ^ 10   BDAS 

KTWC^MENO . PANEL H(\S-V '^ «ESIDüäU öOLäE TOHXMLD '/E ANj> 

10 \P|5 ^OTS . vb ?ESiDiiv- v\w\urf. IT \5 \n?os5»Bi£ TO 
DOTm« THE CANM'^%^ OP THE *C ?D(   ^ W «HCeTUEtE WAS 

173 
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i 

^-1 

■ v. 
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■ 

SAMPLE CODE : 9031-5A 
CONSTRUCTIOW   .(»C> CR-l^- .ObO'lll- .ZSOTpC- .(»0*112.- OGO* 

AS-CAST ACKYUC 

THICKNESS-..490" ARCALOEKSITY -• 3.11 IA./PT1 PAUELV/T.-.I^ te. 

ED6E SECTION : 
^ 

. M<m*x £oa6s> 

RESULTS o*\l -10-73 @ 84 'F   AND ^.2. INSTALLATION AHSLE 

SHOT NO/, w^ SPEED JSJS^^0!^ BIRDWT. •• 4P4us 

REMARKS •• "    »*u Kr 
Bw pEMsntATa^. öwm&T^PS F^^LUIE WITH TOP t^if op PMIBL 

BiAttN OOt IN ONE HMU* P^ECE.. E06E SUEAJUN* M Uffe UlfCM 
?»Kn)i» 3P EOSE SUBBED OOT W UHE WTTU .O%ö"I4«MEX STWVP. 

6w*^ m Pc iK UHE wm\ PIEX OACK W mi^c^ POINT , öor Nerrt 
EXW3ri>( ÖMMC^ENT (l.C. CWVCK^D M«r  P^ÄfiKTE TUHO .©^''la). 

6K*D «OHS^OM -W flBX ^ CfL-y) .  Ct-^ mCWt WTTBMM 
tV)«eCOH^lETE^M 3EEHW^ «WUC. 

& ̂ MMMa 

174 
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I 
Sv 

1 

SAMPLE CODE-.SOTO'25 

CONSTROCTION -(SK CWE ÄTtON) 

THICKNESS ;.#»" AREALDeNstTY :5A6 tB./rr* P^MELW^.••5♦VB. 

-4 E06t SECTION 
b'     Aft. Arch 

IHPACT rr. UKWON 

RESULTS ON7 -II -75 O^1 ^   ^^ zl 0I^TMLATION AWSLE 

SHOTKO.-.W.-5Ö SPMD«?'^1?5 BlRDWT. ^47««^811 
6\tKT»«^Lt m -    K.E.   :    45,BS9lsr.tB 

"6WDlb{,w ^^^^ ^WlÄfe^ oto^fit^) vc m«. ton 

WKWSe-fc ^fiCMNO. . fgUL WCS AHT) tS^WftS oic. 

—-——-^ 



f.- riPSW^S*!" vmm&w ii im ii iuiii.1 JJWiUliuiiniiii I |      '    - '  ■  ^ —r  _   .^HiUHUnHHHBHnHI 

SAMPLE CODE •. 5030-26 
CONSTRUCTION •• (stE SKETCH of ED» SECTION) 

THICKNESS;.S28"AREALDEKsiTY:5.i6Lß./pr» P/WELWT.:54V-B. 

E06E SECTION : 
h [Mt ^  
 u___|- II  

30033- 

11 :.±k- 
090   HZ 

'Uta- tun* 
a/4 

■)     B««B,  Sill.   Fwd Arch 

KranExcwcK(»/8) 

BOtÄE 

RESULTS ON 7 -ll -73 @-84 •P   ANP 22 INSTALLATION ANGLE 

SHOTKO/.^AOSPEED^K:^^   BlRDWT. : 1745^-3.«LB. 

REMARKS-N*»«*« ^SrSTm«WH ^(St ^ 
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I. 

1 

i 
1 

SAMPLE CODE -.9030-27 
CONSTRUCTION. (^EtoecsecnoM) 

THICKNESS:^" AREAL0EKs\tY:SAG «./rr1 P^ELV/T/^HL^. 

E06E 5ECTIOM : 
\\- V.     Aft Areh 

—f 1714- 
III  ^i m 

,i» K. s i 'i r^E 

11 I I 
i.  !   U 

^ I 
gEBl       1 

n !  'i 
090 

r ^S^ 
twfö 

• I   H«», sin, F«<f 'r-     ^J 

CWO« IK^P^ 

.OACK W ^PC 

o/fe Piii Rencveo 
j'ö Piex aA(*s 

RESULTS OM7 -12.-73 @~öO »F   AHP  '2.^ 0INSTALLATIOH ^HSLE 

SHOT KG. A^^ SPEED^^'^^ BIRD wr. •• 4.\3U 
•   IAS? KE- '^«^-^ 

REMARKS •• Ho.z fewe ,$« eptn 
6\ttD DIP WOT PeNEHLKCE.  U^iSjE «ß^VOÜ^ BÜUSe   Wim ACE^UC 

ounwu> PD( pou£D ^ pwn emwe*. im& wmm WAIP AF 

177 
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|p?..w^-^rwJiAJ1,.MMW,^^^ 

E-* 

\ 

SAMPLE CODE •. 9050-23 

CON5TRUCTLO»4 . (SEE EP6E SECTIOM) 

THICKNESS;ßZ8" AREALDEKSITY.-S.IGLB./PT1 PAUELWT.'^L6. 

E06E SECTiON : 
(?16 ^ 

t    Art «i-ch 

• )     Btm.   SHI,   Fad Jtch 

XT5 ^^ 

RBSULTS ON 7 -tt-75 ^aS'F    ANP    21 0lNSTAUATlON AM6LE 

SHOT NO.-.WT.«. SPttO^«>;^oFWBlRDWr. =1870^,^« 

REMARKS •• ft«s^.^psB^/^ ^    KE-   • 87.5« "-«• 
BlH) PENEVfiflCED . ÄtNCP OF AFT Aecu A»J^ »c»« 

5w rt^or mune ^«jt et «^J^ ^TÄ^ S S^- 

■,-«R 
^ ::— — — '' ^ aü iiiiMf^ftiinii 111   >i 



WIWMM.-      ..■■     :). -^IIJ.P4WJJI|ll mmmm >.  II ■..IIWinU.llll.il II i   I^UIIHMLIWW  in   ■IIIII.IL. JM 

S^PLE CODE: 2)030-24        .    /        x v 

CON5T*OCTIO* •• .0(bo««/.aspc(PoÄD). .000 ux- .US *- 
.oao*ui- .\«^' oöo »a - .oeo PLEXX • 

THICKNESS-.Slö" AREALDEKSITY.• 5.i6tß/rr1 PAHELWT.-S*^. 

ED6E SECTION : 
h 

60Ke 

5^5 wpftcr ft>i>c 

I 

RESULTS ON 7 -13-73 ©^ ^F   AND   « 0INSTALUATION ANGLE 

SHOTKO.-.\Mr-4^ SPEED:,N^»*»«>*Ö»W,5BlRDWT. : nt8qm«3^3lö 

REt^tARKS'.^vm^ ^z ^9S Botis 

ßiW) PEt^usfonsD. fMUÄfi ^iniuA^-ro ^^o-zä (wr-A-z) ftcmouan 
LESS Sevi^e. SEOttWOf TWE ^ f^cM EemiKÖSR. (L5M0VÖ)  ANJ?  »tTS 

S^.^LIfmS' M^ SU^^ ^^1D THE SEW mM 

%m^ fU\P m) OmiVäe To ^HPyiMpen, Of \piMl^UiH4>  LESS THAN ^(BO-^S. 

OUlSe TO Lm . \AXWU) PR^BAbU/ 9*8 WCTU LESS ^idlD FRA^. 

179 
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I 

3 
.- mi 
:. -     1 

SAMPLE CODE •• 90^50-25 (a*IMPACT) 

CONSTRUCTIOH'. Seeeose SECTION 

n 
THICKNESS ; BZß AREAL DENSITY: sie i8./prl PAUELWT.-S^^LB. 

E06E SECTION • "   "iTk"~ H t;    A(t «rch 

i  ;  i 

i > !  ; i 
-TT   :   : i 

I       11 I  11 
I      II 

t)     BM>, Sill,  Fad «nh euer HOLES IM/ä 

PC 5üDU^T60 

RESULTS OK 7 -14-73 @-ö5 »F  AND  2Z INSTALLATION AW6LE 

SHOTKO.-\NT-44 SPEEDS^^WSD-^P^ BIRDWT. :4.C&UB. 

REMARKS •• SHOT IM rnvvz , osi^sreL A(C-™E BöO^ 

to PöErewe^ Tissue IUBLU ^ee. UKecßi^ WT-43   ^mwa ^s 

pw is IKS m\D mn FW»^ OT stilt uirn^ ^^a^Hm^i^^- 

fPiixe iwe.^ swsam OF s/tt 9c pqf IM uue \tm &>$& OP S^WCT to 
tjjKöaye^r i^^ve f^IüBJE ^ f5> 9^ w PC . 5«BmNa vs ^eniHisc^Ktr of 

M^IMftMl 
r^i5Aj^::Ä:!3?s'ä"*is^' • ■ r ftiiiiiiiiihii ^..«i... .„.^ ~aaaji^iw.....a,wt.4...   ... ,:,aadL 



,,-     „ ,..„.,,.„...   -. -■'- -^tu^ppjipij ■■•■   ■ '■'   •■«• -■■■ 

\ 

I 

i 

,; .        « 

iv 

COMSTRUCTIOW. .oLo'T^-x/.iaV'pC-.^ia- .UsV- .W'l^- 
, lSöv9c-.Olo" 1(2.->0^o"PtEY. JL 

TH!CKM£SS:,86(" AREALDcKsiTY:5^lD./prl PAHELWT.^. LS.^ 

(0/6) (l/B) 
')ETNl-,»l*«E/) 

KESUUTS ONS -Z7-73 @^<^«F    AND   Z2. "INSTALLATION AKSUS 

SHOTNO.-.WT^l   SPEeD:^/^      B.RDWT.:^ 

REMARKS-ßwlbjenw'  i6^CT K'E- ■wfa-* 
CctNBc. ^n op inmCT POINT "SHSW DF.urmo, ^      ^ 

^ . ^^ , 9C i tl^ ^^ fe~ ^ ^ 
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1      I"«™"' im^mmtmmm 

.: ■     'S 

«if 

SAMPLE CODü ; 90^0-^ 

COr43TuUCTIOW '• (set eD^tsecnow) 

HEBEDC 

THICKNESS-..^ AR£ALDcKsiTY:5^7LD./prx PAMELWT.'.USLO. 

ii   I / 

EOSE SECTION : > 

1     W'» 

VT( SliiP Wi^^O IN IMPACT M£k AMD 

(0/6) 0/B) 

ON AMGU£ RBSUL75 ON 8 -^^-.73 @8&^»P    ANP     ^IhJSTALLATl 

SH0TN0.-.WT-4-Ö   SPEED: l^i^^-ösoTTs.Bt^v^ •. i8l5^*4cX3 tß 

REMARKS-.        ^^L*«]am*Bzokr.  ^•E- • ^.BBSCET-IB. 

to Dili nor Pe^T^^ % Qmom m C^ACK^ ^^ Hö oßse£v^/= 
Tmxun^ of s^cn^vu ^ pue^t TIT^\UH sr^ cerr WE* 1W0? 

\±m u*ni euo cs1 \EO6E- , lemviKmu tx t>c uni^eiL Klovitx OJW W 

Qf   yiWC.^fXJECTVQH. ^   VIM I^M^ 
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t       1 t 

SAMPLE CODC -.^Cfto-^z, 
CONSTRUCTION • .o&'tenL/.a^pc- .oVn^.- .IB^'PC- ,0^0*111-. i86v 

THICKNESS : &\" AREALOSKSITY : ^HB./FT1 PAUSLWT.-. BG LB. 

EDSE SUCTION : 
ivse = 0,7 -1,1 'j., 

(01B) (J/B) 

RESULTS ON g -z)-73 ©-% »p   ANP  TZ. "INSTALLATION PINSLü 

SHOT NO.-.W-^  SPKDj^f^^BlRDWT. :|863^^s^. 

REMARKS ..ß^^U^^'6'^   K-E-   ••48'74t5r^ 
te* cotxerL , iw OF w*cr POINT ,' SWENZEO' WJD teutrrreD TC^UE T^ 

«u,^3^^!^ * ^ '/B  Wfö WT ft OERN ^E«. ftfwTO ^ 

TVE swie pc mwte wnsm m W3W. Xm PC puafco vex in^ <miMi^? 
SIEEU amp w*a\ wtö S^UDEO m ts^Diw ovw, Tä ft& MS* 

\U TU\S ^UOT THEte  Wj^ Grew^L \^S\bÜf,L  RxJTKnOH OP "WB 

3/lC-s/<(, ettLe THfVNi \^TH^v/E-3/(fc 0F^O^O-3i       ^"^^^^   IK THIS 
IS-» 

..,., ..^^,..t:...,^..........ttt..■ -.v;*,., .^,^j-,„,A -^  "   Zr Jit i   ^"Skila^i-,—- wij!liri<lt<%iMl'ifi:...oJi.j^.^^?r.^; ivfjLi.;j.,lil«i!,fcata>i^.jti.■ 
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\ 

A 

:M 

^ 

SAMPLE CODE : 9051-54 

THICKNES 5; .SJO* AREAL DENSITY: 3^^./prz   pAUEL Wl. ;35.5 LB. 
E06E SECTION : C—T-T ^M Ll^lSZ-tM 

KCAD 
RrsmOM 

plßxS 
_______    _ . OFf 

( I/B) ^      (o/B)    XqfBPLßX ONöet« 

RESULTS ON 8 -5o -73 @ -tS5#F  AKD       0IM5TALLATIOH AMSLE 

SHOTKO/.UJr-Sl   SPEED:^^^^BlRDWT : Wo^-4.13 LB 

REMARKS •• cs^toarz f^p wm ■, m mm .^ u 

6lJ>D Dlb NOT PEHOTAm . Vb MWia PC MHAßfe. O^TBoAf^ pcf Or 

184 
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1 1 
\ 
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■ 

SAMPLE CODE '.^I-BB 
CONSTRUCTiOW ■ .Cto'Pi^xH./ , w"p£ ~ ,oto*l^- .fZxV- .O^'dz - 

THICKNESS ;    " AREAL DSKSITY ^^^./pr1 PAKELWT.-.^^SLB. 

EOSE SECTIOM : 

0/B) NOT t^StO 
(O/B) 

INSTALLATION AMSLE RESULTS OM 8 -51 -73 @ ^5^   ANU 

SHOT NO.:  ^51 SPECD:^^}^BlRDWT. :1®0^M^^ 

REMARKS-. „  .^KT'M^IM        ^ 
^ Dlb NOT ^Tl^tE .  ^ iHfW PT M   ^T-SZ .   ^ ^ . 
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SAMPLE COD£ : 9030-37 
CONSTWCTIOM    SCC &D6C SBCHOKl 

THICKNESS:.^" AREALD2NSITY:5.75Lö./{TZ PA^LWT.: 61 L^. 

EDSE SBCTlOM : 
r~ OtoO PL£AJL 

OfeOPUEXK 

{•060 HE 

(KOIIZ 

TToso'uE 

L.T.^7.0J5|I 

CPAOBD 

(0/B) (l/B) 

RESULTS OM^ -^-73 @  8S*P   ANP   22 0U45TALLATIOH AWSLE 

SHOT NO. •• wr-fö SPEEDt^^ '^ ^ wr.: i85z,^--4.o8 
n^L^lfPSc^Kf       K.E.   : 4^,055 53L5 

L6 

REMARKS •• AßW.Mor HiU£D. teu^ Bt-uW^w?  W^LE seon^ 

Bie-D DVD NOT Kmrnt to w^EHr ^^e T; pc ^^^ pUE5 

TMPIO^L wauet^ or O/B (^ \/B FMS^ . ^SIDUI^L ^PI^CTIöM IM imAür Ami 

ßor NO willow Niw^oK OF ifB g^y ^ lö txi] Ho^e pc üeptfJwmN o« M^H 
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t 

n.A 

iv.     J 
*   .1. 

OATiKLli UJu. 9030-36 
LOUSTuUCTlO^ • SttCDSB. 5CCTIOM 

THICKM5S5:Ä3" AP^LD2HSITY:5.\6LD./Frl   PASIELVVT.J54.7L@. 

HA2e -- ie/o 

.060112 

060 IIZ 

.060112 

.oso'ia 

teNNER, 
a»!»a> ^~-?t—-^   .äPOW« »AU. 

(0/8) (1/B) 

•RESULTS ON 9-Z7-73© 80 «F   AND  it "INSTALWION AK-LS 

REMARKS •• n^ueo NKH tewP«*^^.^ ^ S^ö * 
Btdo DIP NOT rewsKAiE .UpHmm K, tm(*fc, rtote imwftnoMrf 

m M^ ^. ^> ^ ^ ^j^ee to^u^v^r ■ sS 

^i| .^Jfc.      _ ,,,,. J>.J..:    ..:. ir..i.<   ,.         -   ■ —-"-'- —• iiiShni HÜLi 
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i: 

i 

SAMPLE COD£ •■%3l-4l 

// 

r 060 PLEXI 

E06E SSCTIOM 
10112 

IV^« \A-fo 

(0/5) 

0lNSTALLATlON AMSL= 

|K 

'ri -VV 

f* 1 
fc 1 
1 •1 

1 

i 

RESULTS ONio-io-73 @.,so »F   AHD 

SHOTNO.-.WT-BS SPEED:1^;^ 

REMARKS •• P^ HlW (1^ itsc'). 
to m HX 9^mA-m . CDKSit>wfcie: tm<te iHiwer \n9rcr A^ 

urns ^BIP^O 10 iHe inepCT svfcm ^.^r ^m ^ n^T aosa? ^ 

KT i\e ^ep^ ewe OOSETID -we V\^\HOH SUU^ . 
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l\ 
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*   4M 

SA.:'.?L^ CODü : 9031-40 
CONSTRUCTION •• see CDäEMCTIOK 

« 
THICUM£5S;.400   ARcALDiMSlTY^^LB./pr1   PAKELWT.'.,ZS(8L3. 

EDSS SECTION!  : 

(l/B)      V^ÖUST) öef^S (0/B) 

RCSULT5 OMIO -10-75 @-85 »F    />!;D 0lN5TALLATlOM AMSLE 

SHOTMO.-.W-^C  SPEED i^f^^J^ BlRDWT. UftZUvA^O^Lß, 
'- 5öO KT,      K.^. : H48& RyB, 

REMARKS -.OW^C^ KtDc ^TCA ( N^PW^Q^ msr \jmm> ww* itsr) 

?^ Vc ^XJU^L 9ue^ ^^ ^sTK\uBt> 'Bone Dm^e KS ^\aou lN 
^Vc ^yj^wes fcfccwe .Tnt: \H^NI^ toie^ mA.T MSO comfit cjweat^ ^ 
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T»»' 

T.   \.:i 

,-■ I 

SAMPLE COD£:^\'4^ 

COHi: l r.u 7nou •. SBE CDöfe 3caioM 

THICKNESS;.^' AR£ALD^ns\TY:4-.o5ia./pTl P^ELWT.'.^.4LB. 
r ofcu PLSSI 

£D3E SECTION 

O/B) WB) 

RßSUUTS OMiO -It -73 © ^   'F    PWDMdWie'lNSTALLATlON AUSL5. 

SHOT NO. -.M-^I SPEED :^^>^«^s glRD y^ . ^ ^ 

HWNTÖ) IM PP6-fviwiS«?5P VMM (.S"^ OM HNTU) REMARKS •• 

tiö^U \K\NJWCJ>. ?^U)i£ IS 1H UfC  UittU. AND CtlGMPffES 
?tmaw*6miME ö\t?(M. to \m®m&\ & (was 

^UKW^D (sfiöLti^ W.. 
190 
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SAMPLE Coot: ^\-^ 

THICKNBSS:.^0" AR^ALDCMSITY^^LB./FT1 PANELWT.^^US 

I 

- iJ 

v.- 
si 

EOSE SiCTlOM : 
oto puso:   .Mc Hi LX'Bl^/ofcow) 

=j= wet ^ 1,37« 
CJRKK^THR-U 

(l/B) WB) 

RC5ULT5 OM\0 -it-73 ©    ^ •?    ANDUoöÜU^lNSTALLATlOH AMSL^ 

SHOTKO.-.\Mr-58   SPEED: ^^^T B^W. : W^ 

6N) 5^, to WÄ. ^tr ^HmfLfrrute ^OJOSüRJS 

?LWP6 \)^e ^IflUi^ CWT   B^V 1UX) CUKJKS CÄHf UE^O/ 
-^m)-^ uwi^wt Hxwfä> ^o>ifc-assue I\W)V)^H wwNe, 

REMARKS •• 

•.fl|B»/L   -t^ 
4. ^i/u  M^ir 

ViiiiTniiiMISiliii  r     ■.^.-.-^^ M^iU 
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■-- ■ 

■ - ■♦«y 

fo. .-I 

SAMPLE Copa ■• 9050-38 

THICKNESS -. &*" AFCEALDCNSITY :4^ IS./PT1 PAKELWT.-.BS^LB. 

ED6£ S^CTIC. 
- 0^0 F'£X I 

GbO.12 

-.OtOPUXX ,(m fWH SCRTlOlfl) 

(0/8) 0/B) 

RESULTS ON to-2s-7S ©-OSO'F   AND   2Z "INSTALLAVIOM AKCLS 

pBMÄOve   c...-_ . •488Kr    K'E.  "• 57,507friB     (J 

CWOOHW HOUKH^ ftA^ ^^ n.^t ^ ^navowcMewr w* ftorweo 
^o jWusr MC^CJKU rtf^^ \)\WEcrb| ^CWMD \nvwx w^». 

\)\^NCT ow^iub JMü& ^V^IDJIX TO ucwe. !«& exwiD^D esse KMD 

192 

MmmMämtS^ttmiUhümä^ -■■^iim* »if.-liäRi.'riT inrtyjitr 

■ vyg.'y^" 

iTitWi'lli    i  ^lli iHni'lll'lUl'l 



■ i'WPWI 

APPENDIX 2 

The following appendix contains deflection data for those shots WT-1 
through WT-38 in Task I where readings were possible. The information 
was generated by Arnold Engineering Development Center and is included 
at the request of Captain D. C. Chapin. 

\ 

i: 

Pv : 

hi 
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APPENDIX 3 

Three bird Impact tests were conducted during Task II which received 
WT numbers but were accomplished by the Air Force to supplement the 
efforts of PPG INDUSTRIES under Contract F33615-73-C-3099. All three 
were conducted on windshields produced by PPG In November 1972 and 
were similar to those tested In the FM Series12 of module Impacts. 

The Table summarizes the shots and a sketch of the panel from WT-A5 
and -46 follows. 

TABLE XXIV - AIR FORCE-SPONSORED BIRD IMPACTS 

Test No.  Mounting Conditions 

WT-A5      #2 Test Frame 

WT-46 

WT-50 

#2 Test Frame 

Impact Results 

OK @ 497 KT 

Failed @ 708 KT 

Remarks 

LCOS caused no failure 
of I/B ply. Combining 
glass destroyed. 

Same panel as WT-45. 
Compare with WT-41 
Impact in forward beam 
corner. Fracture as 
shown. 

Module with 
Interim Fitting 

Failed (? 529 KT Comparison with FM-2 
shows effect of "•rch 
reinforcement. 

^•^E. J. Sanders, "Investigation of the Effects of Bird Impacts on the 
F-lll Crew Module," LTR-AEDC-VKF-ASA-1-73, March 1973. 
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FIGURE  53.  IMPACT RESULTS  FOR  WT   45 a 46. 
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