UNCLASSIFIED

AD NUMBER

ADB013203

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Test and Evaluation; 01 SEP 1976. O her
requests shall be referred to Air Forcr Flight

Dynam ¢ Laboratory, Wight-Patterson AFB, OH
45433.

AUTHORITY

AFFDL [tr, 17 Mar 1978

THISPAGE ISUNCLASSIFIED




THIS REPORT HAS BEEM DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER oD DIRECTIVE 5200.20 AND
NO RESTRICTIONS ARE IMPOSED UPCN
ITS USE AMD LISCLOSURE.

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTICH UNLIMITED,



T T Y ey T

AFFDL-TR-74-75

oij

/

IMPROVED WINDSHIELD AND CANOPY PROTECTION
DEVELOPMENT PROGRAM

32034

Pt
&
g H. EDWARD LITTELL, JR.
<<
PPG INDUSTRIES, INC.
PITTSBURGH, PA. 15238
| &
S
) D C
; D Y. i
o TECHNICAL REPORT <27 A
- = AFFDL-TR-74-75 P e\
s TR ! & -‘E';;'"
= e ij‘sb

JUNE 1974

Distridution limited to U.S. Gov'e,

agencles calky
Test and4 Evaluation; 1 3Ep 2

e -Other requests
for this docuz:at unist be reforred to

AIR FORCE FLIGHT DYNAMICS LABORATORY
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433




NOTICE °

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, 1s not to be regarded by impli-
cation or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

Donald C, Chapin,
Project Engineer

FOR THE COMMANDER

Robert E, Wittman
Program Manager, Improved Windshield ADPO
Vehicle Equipment Division

Copies of this report should not be returned unless return is required by
security considerations, contractural obligations, or notice on a specific
document,

AIR FORCE/56780/8 November 1974 — 100




.

IFIED

SECURITY CLASSIFICATION OF THIS PAGE (*hon Deta Entered)

—

READ INSTRUCTIONS
DOCUMENTATION PAGE BEFORE COMPLETING FORM
2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

reCeY

Improved Windshield and Canopy Protect:l.o:/ 7 ::na.l/’7 4
Development Program/ E )
l 3 T NUMBER
)4)) “we-1132
% AUTHOR(s) b g R GRANT ER(s)
J H. Edward fiteell, 3 /35 /] F33615-73-C-3099
£
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::g2“&‘%0ERL—U(E::E:‘TYNFURM°BJEE§;' TASK
PPG Industries, Inc.
Glass Research Center Project No. 1926
Pittsburgh, Pa. 15238
1. CONTROLLING OFFICE NAME AND ADDRESS // ——
Air Force Flight Dynamics Laboratory Jube W7 '

Té. MONITORING AGENCY NAME 8 ADDRESS(if PIIT? ce) 1S. SECURITY CLASS. (of this report)

Improved Windshield Protection Program Office

AF=1720]

Unclassified

1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

2%,

H’p AATDIRITIAN STATEMENT (of this Report)

(gstrihutinn 1tmited to U.S. Gov'i. agenaies ondtoy

Pot -1 E- tuattont 1 SEP 1976 .ther reguests
ar thi dnriaent Lass bg refuoreed ta ﬂ/FDZ M/ﬂ

‘ent from Report)

18. SUPPLEMENTARY NOTES \‘\
\

va_woaos (Continue on reverse side if y and ity by block )
Aircraft Windshields Mounting Frame
Edge Attachment and Reinforcement
Interlayer

Temperature/Pressure Testing

20.\ QDJTIACT (Continue on reverse side I and 1 fy by block ber)

e report discusses a program to develop high performance aircraft
windshields and canopies capable of sustaining impacts by 4 1b birds at
speeds of 500 knots and above. The designs were to interface with existing
aircraft and deviate as little as possible from the physical characteristics |'
or reliability of production designs. — :

(Continued)

DD ., 30%: 1473  E0imion OF 1 NOV 65 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterec

SO5/20




B Rl o e N o AR b i o e BV 2 s s "

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

p ”“:??A multi-task program evaluated not only bird impact resistance but
structural and thermal qualities of materials and designs which
influenced overall performance. 1In 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-

R ) figurations, while bird impacts established the effect of impact

B 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 parpg; were produced and delivered for Air Force
evaluation.

B R Rr T

*

7 g g
T

g -
o
R .
-3
)
k.
R
3
g~ -
A
T
W
W Y
e ¥
5 Ll b
. \‘\‘é
N ~“~~r§':
7 A
oy ‘3'(
.
F o
W om
. & v
» ¥ "
*
i
b N
1
SR

!
'i
H

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Dets Entered)




et ot b Ll Lo s L Ui gl .

o TR v Ly LRSS T
i

. FOREWORD

This Final Technical Report covers transparency development activity under )
Contract F33vl5-73-C-3099, "Improved Windshield Protection Development

Program". The work was conducted by PPC INDUSTRIES, Inc., Glass Research

3 Center, Pittsburgh, PA, and Works No. 23, Creighton, PA.
. The research reported herein covered the period from March 1973 through
| April 1974. It was , “tvformed for the Umited States Air Force Flight
Dynamics Laboratory, “ht-Patterson Air Force Base, Ohio. The Air Force
Project Engineer was _ .ain Donald C. Chapin, USAF, AFFDL/FEW. PPG
. INDUSTRIES has assigned NP1132 as a secomdary number to this report.
i, The draft of this report was submitted 21 May 1974.
; Acknowledgment is givea to Mr. Robert ¢. Spindler for compiling the section
T on Material Evaluation and to Mr. Leomsxrd M. Cook for writing the zections
X on Thermal/Pressure Capability.
By

i i1 4
J




¥

P~
*
1R

g -
~

R, !

S

A
= .

A 1
B - 2
. b

]

‘.I‘:: - il

NI

B X

<

N

!

o

Wil

‘c,:

v

- R

R g
&

L W

SECTION

I.

II.

III.

1v.

TABLE OF CONTENTS

GENERAL INTRODUCTION ..iceuvvccssasosscnoscnnnsannssans

TASK [

1. Introduction ....ciieeeeeseesccnnsesnccecrnsannsons
2. Material Evaluation ......eveeceecerssasssessascanes
3. Edge Attachment .....ceeveeeveseessssccscsscennnnss
4. Thermal/Pressure Capabllity .eecev-veecorrocroceons

5- ImpaCt Resistance 600 80 000080 0INEEEBIGOCITEBNTEOEOIEBERTODN

TASK II

1. Introduction ...ceveeecsececssascsccasoossassnssass
2., Thermal/Pressure Capability ....cevoeecscesconscsens
3. Task II Bird Impact TeBLS .eeesesccscensncssncscsnns
4, Recommended Windshield and Canopy Designs .........

TASK I1I

1. Inttoduction O 8 @ 00 200 5 08 00 OO0 B OO O PO Os OSBGOSO EEDNIDISEFEOSOENEDS
2. Prototype Fabrication and Delivery ....cceeeeveacse
3. Performance SUMMATLY .esvsscecsoossanscnsssasscescnass
APPENDle-.llll..i'...Il.il.I...ll.l..‘lll.‘lll.l‘.ll

APPENDIX 2 .e.vioecnsesooasarcnsscscnacnsscossassossascsns

APPENDIX3 e e 000 08 8 S 0 000 0 0500000 BRSNS N S E OSSNSO N SRS

s —— T, B

PAGE

25
35
52

79
80
92
117

122
123
132
i36

193

234

PRECEDING PASEHBLANK.NOT FILMED

-




REETIIT

G e i i s o i £ S e i D

FIGURE

LU B~ FS I Y]

10

i1
12

13
14
15
16
17
18
19

20(a)
20(d)
al

22

23
24
25
26

LIST OF ILLUSTRATIONS

Durometer (Shore D) Vs. Temperature of 3GH Vinyl, 112
and ETA

Tensile Strength of Interlayer Materials
E?ongation of Interlayer Materials
Tear Strength of Interlayer Materials

Stress-Strain Curves of 112 and 3GH Vinyl at Various
Temperatures

Stress- Strain Curves of 11 Interlayer at Various
Temperatures

Compressive Shear Test Samples

Compressive Shear Strength of 3GH Vinyl, ETA and 112
Interlayers to Chemically Tempered Glasa

Compressive Shear Strength of 112 and ETA to Polycarbonate

€ompressive Shear Strength of 3GH Vinyl, ETA and 112
Interlayers to As-Cast Acrylic

Pesl Adhesion of 112 and ETA to Polycarbonate

Peel Adhesion of 112 and ETA Interlayere to As-Cast
Acrylic

F-111 Edge Reinforcement Test Specimen No. 1

Edge Reinforcement Specimen and Test Set-Up

Tensile Shear Bond Specimen

Maximum Burxst Pressure/Temperature Test Profile
Thermal/Pressure Test Fixture

Design Configurations Tested in Thermal/Pressure Facility

Temperature Gradient in Acrylic-Faced Design Specimen
No. 1

Thermal Sample No. 5 - Before Test
Thermal Sample No. 5 ~ After Test

Bubbles and Delamination in Glass-Faced Panel No., 9
After Completion of T/P Test (Through D-3)

Bubbles in Acrylic Polycarbonate-Faced Panel No. 11
After Completion of Test D-2

Resistance to 150 gm Missile Penetration
Task I Bird Impact Sample and Mounting Frame
Preliminary Task I Flat Panel Bird Impact Target Area

Task I Canopy Bird Impact Panel and Mounting

PAGE

10
11

13

14
15
16
18
19
20
21

26
27
31
36
37
39

41

44
45

48

49

53
55
56
57




S 7

FIGURE

27
28
29
30
31
32
33
34
35

36

37
38(a)

38(b)

39
40
41
42
43
44

45
46
47
48
49
50
51
52
53

LIST OF ILLUSTRATIONS (Cont‘d)

Summary of Task I Preliminary Bird Impacts (Group 2)
Summary of Task ! Preliminary Bird Impacts (Group 3)
Summary of Task I Preliminary Bird Impacts (Group 4)
Task I Bird Impact Test Panels with Edge Attachments
Preliminary Task II Windshields - Primary Design
Preliminary Task II Windshields - Alternate Design
Final Canopy Flat Panels

Recommended Preliminary Task II Canopies

Schematic of Thermal System Used in Full-Scale
Thermal/Pressure Test

Strain Gage and Thermocouple Locations on Windshield
Nos. 28 and 29 Subjected to Thermal/Pressure Test

Full-Size Thermal/Pressure Test Set-Up

Bubbles and Delamination in Glass-Faced Windshield
No. 29 Caused by Thermal/Pressure Test

Bubbles and Acrylic Damage in All-Plastic Windshield
No. 28 Caused by Thermal/Pressure Test

Task II Bird Impact Test Windshield in Rigid Frame
Windshield Bird Impacts in Frame

PPG Test Frame Used During In-House Tests at NRC
F-111 Crew Module Used for Task II Bird Impacts
Modified Windshields for Module Testing

Aft Beam Windshield Sections; Nominal 500 KT Impacts
in F-111 Module

Windshield-Arch Combinations

Two PC Ply Windshield

Final Task II Canopies

Task II Canopy Bird Impacts

Recommended Windshield

Recommended Canopy Construction

Task III L/H Windshield (401611 RI') Gridboard Photo
Task III R/H Windshield (401612 RF) Gridboard Photo
Impact Results for WT-45 and -46

68

PAGE

60
6l
62
& 66
712
73
75
78

8l

84
8s

69

90

03
94
97
98
101

104

106
¢o7
113
116
118
120
127
128
235




o) g 7t

TABLE

II
I1I
v

Vi

VII

VIII

IX

XI
XI1

XIIX
XIv

XV1
XVII

XVIII
XIX

X1
XII
XXIII

LIST OF TABLES

Preliminary Edge Attachment Tensile Tests
Additional Preliminary Edge Attachment Tensile Tests
Tensile Strength of Edge Reinforcements

Tensile Strength of Double PC Ply Edgemembers

15" Circular Sample Test Scheme

Initial Temperature/Pressure Test Results on 15"
Circular Panels

Results of Final Temperature/Pressure Tests on 15"
Circular Panels

Relative Temperature/Pressure Performance of Outboard
Constructions Laminated to the Proposed Two Structural
Ply Polycarbonate Design

Interlayer Embrittlement Range
Constructions for Task I Preliminary Bird Impact Tests
LCOS Restraint Panel Constructions

Constructions for Task I Preliminary Canopy Bird
Impacts

Test Plan

Results of Thermal/Pressure Tests

Summary of Initial Corner Impacts in Module
Final Windshield Tests - Task II

Aft-Beam Corner Bird Impact Tests on F-111
Windshields

Ultimate Tensile Loading of Task III Edge Designs
Task III Structural Windshields

Task III Optical Windshields

Task III Optical and Structural Canopies
Performance Summary ~ Windshield

Performance Summary - Canopy

viii

PAGE

28
30
33
34
38

42

47

51

54
59
64

74

82
86
103
108

110& 111

123
125
126
130
134
135




SECTION 1
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 transpavencies. The objective of this particular effort was

to demonstrate the technology in the form of F-1l1 windshields and
canopies capable of resisting, without penetration or catastrophic
failure, the impact of a 4 1b 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.

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.

2, TASK II
P \ In Task II, full-size windshields and canopies were fabricated and
E Y tested in order to establish specific designs to meet the contract
= t requirements.
N
. 3. TASK III
_L. Eighteen prototype windshields and six prototype canoples of approved
;' construction were produced and delivered for Air Force evaluation.
F 4, TASK IV
'ﬁ?»i’ The final activity has included preparation and submission of this
~ report plus drawings and a fabrication specification required to
g document the final configuration.
;%‘*Q§~ Because each of the tasks was a discrete portion of the contract, this
=, “:ﬁ report will be divided into three primary sections presenting the infor-
- .‘ﬁ mation relative to each task. Since Task IV items will be submitted as
% N separate documents, Task IV will not be included in this Final Technical
¥y Report.
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SECTION II
TASK 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.

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 Il
have been included in the section on Impact Resistance.
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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 -65°F to 300°F.

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 - Polyvinyl butyral interlayer plasticized
with 21 parts of triethylene glycol di-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.

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 plasticizers in 3GH Aircraft Vinyl attack polycarbonate, and there-
fore, this interlayer cannot be used directly against polycarbonate.
Although methods are available to provice a barrier against plasticizer
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 interlayers.

An experimental interlayer which was also evaluated was TCP Vinyl. This
was a polyvinyl butyral interlayer plasticized with tricresyl phosphate
which does not attack PC.

Interlayer material properties obtained under this contract include the
following:

1. Light Transmittan~e and Haze of 112, Ethylene Terpolymer and
3GH Vinyl.

2. Thermal Conductivity of 112.

3. Thermal Expansion of 112.




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-financed 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:

% Transmittance

Loss per .100" % Haze
Interlayer Thickness Gain per .100"
Material (I1luminant "C'") Interlayer Thickness
3GH Aircraft Vinyl 1.5 0.5
Ethylene Terpolymer 6.0 - 6.5 6.0 - 7.0
112 (Task II Samples) 3.28 0.58 )
112 (Task III Samples) 2.1 - 2.4 0.7 - 0.8 E

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.




(2) Density

Density Data on these interlayers are as follows:

Material Density (;bs/ft3)
' 3GH Viny1! > 68.1
Ethylene Terpolymer 62.3
112 72.2

. . (3) Thermal Conductivity
Thermal conductivity tests were conducted on 112 interlayer
at 75°F 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/°F. As a comparison,
Mil Handbook=-17 ind}cates that 3GH Vinyl has a conductivity
- of 1.48 BTU - in/£ft"/hr/°F at 75°F.

(4) Thermal Expansion

 ;L ?kl Thermal expansion tests were conducted on 112 interlayer at
R - test temperatures ranging from -65°C to 110°C. The tests
were conducted on a DuPont 900 Thermal Analyzer with the

. following results: af
;& Test Temperature Thermal Expansion
O\ (°C) (in/in/°C) :
e -65 9.8 x 10-5 ) .
b 0 2.0 x 10-4
+85 3.9 x 10~4 E
+110 4.2 x 104 :
ﬁﬂ Similar Data on 3GH Vinyl and Ethylene Terpolymer were not E
o available. P
;i~ - =
‘;3'%‘¥} (5) Specific Heat
‘Ezﬁl: The specific heat of 112 interlayer was determined at test
- temperatures ranging from -45°C to 117°C and is indicated
e as follows:
o S ;
AL
;%.gﬁ' 1Richard S. Hassard, Plastics for Aerospace Vehicles, Part II, Trans- _V
¥ iyl parent Glazing Materials, p. 5-1, Mil Handbook-17A, Part II (Proposed 3
e 1 - Revision), Jan. 1973. 3
R ¥ -
.;; 2Data obtained from Monsanto Research Corporation. g
bY, e .\& ‘;
i &
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: . . Test Temperature Specific Heat 1
1§ ) (°c) (Cal/gm - °C) E
E ' =54 .244 3
i =32 .323 3
3 0 . 364 b
3 +30 .344 k
: +80 .342 3
4 +117 443 4

{6) Index of Refraction

The index of refraction of these interlayers is as follows:

i Material Index of Refraction
]
3GH Vinyl3 1.483 1
Ethylene Terpolymer4 1.480 L
A | 112 1.497

l k (7) Hardness

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

i This data indicates that the current Ethylene Terpolymer formu-
N lation was very soft at temperatures of 140°F and above and

o 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 250°F and 300°F. 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 250°F,

no bubbles were apparent after 100 hours exposure. At 300°F,
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 P
Revision), Jan. 1973. E

4Data obtained from Monsanto Research Corporation.
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(9

(10)

(11)

produce bubbles between 3 and 4 hours exposure at 250°F,
This data establishes the better elevated temperature
stability of 112 over 3GH Vinyl,

Tensile Strength

A comparison of tensile strengths of 112, Ethylene Terpolymer
and 3GH Vinyl is shown in Figure 2 and depicts the better
sensile strength of 112 over the temperature range of -65°F
to 200°F. The tensile strength of 3GH Vinyl and Ethylene
Terpolymer dreps off considerably at temperatures above
120°F, while the 112 interlayer has a tensile strength above
500 psi at 200°F. This excellent strength characteristic at
elevated temperatures is beneficial for structural integrity
when a composite utilizing this interlayer is exposed to high
temperature regimes.

Elongation

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 -65°F to 200°F, Failures
of the 112 interlayer could not be attained at temperatures
above 120°F 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.

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 -65°F to 180°F. At
temperatures below 40°F, the tear strength of 3GH Vinyl is
greater than 112; however, above 40°F, 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 40°F, while
112 interlayer has good tear strength up to 180°F,

4 T A
e o e




E
3’ ?\}
Y
.
\
3
3
i,
.
‘.‘?v.
k.
'I
k't
i
1 I
~
) ”
"'l‘ B
& {
7 - 1
AR
g
BN *ﬂ
r 4
P
G
Yy
n
)
el
A
.|
e
& '{
atd

=

L.

10,000 =

5,000

1,000

TENSILE STRENGTH PSI

500

100

o (12
O ETA

A 3GH VINYL
+ NO FAILURE

"""'ﬂhﬁ\

=]

g

0~o TESTED PER ASTM D412

-70

FIGURE 2. TENSILE STRENGTH OF INTERLAYER MATERIAL
9

-30 +10 +50 +30 +130
TEMPERATURE °F

+170

+210

e - i v e
sy o) o s ¥
i ¥ Ny




= .
..
,"'s.
E
oy
.
N g
‘;:ﬁ.:;‘#
: e
oo X
.y
b .‘.‘&(
a
- %

% ELONGATION

800

700

600—

ao

500}
400} /

300 o A

200} 0

0 a/ 0 |12
" O ETA
100l b i A 3GH VINYL
o 4 NO FAILURE
/ TESTED PER ASTM D412
o 20 IPM
oLl L1 | | | | |

=60 -30 0 30 70 120 1£0 200
TEMPERATURE °F
FIGURE 3. ELONGATION OF INTERLAYER MATERIALS

10




T Mk e i Y

'
R
- 0N

4
3

e
L
paeSE L T

[

o ¢

s

y

Gt e g ot oo conud i’
ks . : . : L
n & 8
e ST A, o o e o i
£

POUNDS PER INCH THICKNESS

1600

1200

1000

800

600

400

200

FIGURE 4. TEAR STRENGTH OF INTERLAYER MATERIALS

o |2
D ETA
B A 3GH VINYL
- TESTED PER ASTM DI004
\ NOTE:ETA DATA OBTAINED FROM
MONSANTO REPORT
- faY
B\
\D
- O
G._____
e 0\
— = Q
\n\
A (®]
— u]
-70 -30 0 30 70 100 120 150 180 210

TEMPERATURE °F

11




‘?WF%%Wﬁw

By

12)

(13)

$tress-Strain Data

A comparison of the stress-strain curves of 112 and 3GH Vinyl
interlayers at temperatures from -30°F 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 -30°F to 150°F are shown in Figure 6.

Compressive Shear Tests

The compressive 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 compressive shear strength of 3GH Vinyl was
determined when laminated to as-cast acrylic and chemically
tempered glass. Because the plasticizers in 3GH Vinyl attack
polycarbonate, the shear strength of Vinyl to polycarbonate
was not measured.

The tests were conducted in the temperature range of -65°F

to 250°F, and as shown in Figure 7, the test samples had a
.50" offset with a 1 square inch shear area. The thickness
of the interlayer 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 ail 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 75°F to 250°F, while the
shear properties of Ethylene Terpolymer and 3GH Vinyl are
below 175 psi at a test temperature of 150°F. 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 interlayer or adhesive. Conversely, an
adhesive failure indicates that the bond to the substrate is
weaker than the shear strength of the interlayer 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
b by the data, the ETA has poor shear strength at a tempera-
3 ture of 150°F wiile the 112 has a shear strength of 150 psi
e at 250°F, It is worthy to note that at test temperatures
E below 120°F, the Ethylene Terpolymer failed adhesively and
at 120°F and above, cohesive failures were obtained. This
data depicts the poor shear properties of Ethylene Terpoly-
mer at test temperatures above 120°F. The failure mode of
112 to polycarbonate indicates that at test temperatures
above 120°F, the shear strength is higher than the adhesive
strength. At 120°F and below, adhesive and cohesive fail-
ures were obtained, indicating that the adhesion and shear
strength of 112 to polycarbonate were cumparable.

LIRS o S

The adhesion or Ethylene Terpolymer to as-cast acrylic is
, very poor, However, with the addition of N-1 cement, a
K. 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,
f ETA and 3GH Vinyl to as-cast acrylic. As experienced with
the glass samples, exact shear strength could not be obtained
‘J at all test temperatures due to catastrophic acrylic failure.
= The data indicates the better shear strength of 3GH Vinyl at
» temperatures of 150°F and below. However, the failure mode
[ of 112 to acrylic is completely adhesive at all test tempera-
tures. This data implies that if better 1l2-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
120°F.

(14) Peel Adhesion Tests

s NASA Peel Adhesion TestsS were conducted on Ethylene Ter-
R polymer laminated to polycarbonate and as-cast acrylic

i substrates and 112 laminated to glass, gold radar reflective
‘éﬁ ' coated and uncoated polycarbonate and acrylic substrates.

E - This test is one measure of delamination resistance and
S basically consists of mechanically peeling a 1" wide strip
B~ .| of interlayer from 9" of substrate at an angle of 90°.
i T The test samples wexe prepared by placing wire screen
'“«u,ﬂ (60 x 60 mesh) between two .030" plies of interlayer, then

S g laminating the interlayer to the plastic substrates. The
&, e wire mesh was used to give structural integrity to the inter-
S layer, eliminating premature failures caused by the inter-
e layer tearing or failing in tension.

s ?

I A

5NASA Technical Brief €5-10173, "Peel Resistance of Adhesive Bonds
Accurately Measured".
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¢a) To Polycarbonate

The adhesion of Ethylene Terpolymer and 112 to poly- 4
carbonate at 0°, 75°, and 150°F with and without a 1
. 175 hour weatherometer exposure is depicted in Figure 3
b 11, The weatherometer samples had the polycarbonate b
surface exposed to the weatherometer conditions (120°F,
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 polycarbenate 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

5 { mesh failure; therefore, the peel strength at these

J temperatures 1is greater than indicated.

4 At temperatures of 75° and 150°F, the Ethylene Terpoly-
b mer could not be peeled from the polycarbonate with and !
‘ without weatherometer exposure, resulting in failure i
, loads greater than 140 1bs/in width at 75° and 20 1lbs/in

. width at 150°F. These were the maximum loads attained

g - due to a failure in the mesh at 75°F, and a temsile

a failure of the Ethylene Terpolymer at 150°F. Therefore,

e in Figure 11, the peel strength at these temperatures

1 is greater than indicated.

The adhesion strength of Ethylene Terpolymer and 112 to i
polycarbonate is considered excellent and gives an indi-

‘ cation of the good delamination resistance of these

- interlayers to this substrate.

7 y

- ) To As-Cast Acrylic (Plex II)

NASA peel tests were also conducted on 112 and Ethylene ;

- Terpolymer laminated to as-cast acrylic. These tests 4

";J : were conducted using the same sample construction and

. testing techrnique as previously mentioned. As shown in A

* ' Figure 12, the adhesion of 112 to as-cast acrylic is £
greater than 150 1bs/in width at 75° and 150°F. At 1

shese test temperatures, the interlayer could not be

o ;t peeled from the acrylic, resulting in mesh failure. At 1
S 0°F, the adhesion of 112 is 60 lbs/in width.
e | ,
g; The adhesion of Ethylene Terpolymer to as-cast acrylic 1
- was initially found to be very poor, resulting in i
dial delamination immediately after the samples were lami- ;
" j nated. However, with the use of N-1 cement applied to A4
1
SPelh !
ko i
0: :




the acrylic, the adhesion was increased substantialiy.
With the use of this adhesive, the interlayer could notc
be peelcd from the acrylic substrate at all three test
temperatures. At O°F and 75°F, the adhesion was greater
than 150 1bs/in width, and at 150°F, the adhesion was
greater than 35 1bs/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

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 75°F.

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

Adhesion measurements were made on 112 laminated to
«250" polycarbonate and Plex II acrylic substrates
coated with 15 ohms/square radar reflective coating.
These tests were conducted at 75°F with the data indi-
cating a peel strength of 5 1b/in width to polycarbonate
and approximately 1 1b/in width to the Plex 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 film to this substrate is greater than 5 1lb/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.




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 -65°F to +200°F. This interlayer was also capable of with-
standing prolonged exposure at 250°F and approximately 50 hours

at 300°F 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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3. EDGE ATTACHMENT i

Edge attachment development in Task I was handled much like the impact

work with a material evaluation phase, followed by design optimizatiom

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

1 aircraft windshield. A goal of 870 pounds per lineal inch ultimate

! load was used to rate edging materials. This goal was selected since

5 it i{s the ultimate edge load requirement for the F-11l1, 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.

1 Since other Task I work indicated that the structural portion of the

; windshield cross-sections would be polycarbonate, the temperature used E
for the edge attachment tests was critical. For low temperature test- 1
ing, -65°F was used since it was required per performance specification. 4
Concern was with the higher temperature ranges because of the reduction i
in strength and stiffness of polycarbonate at elevated temperatures. i
According to preliminary thermal testing and thermal gradient studies,

i (Section 4, Initial Thermal/Pressure Testing), soak temperatures of

5 200°F and 260°F were finally used for the edge attachment evaluation.

Figures 13 and 14 show the different crosc—sections evaluated, config-

; uration of the edge attachment cross-section, and the geometry of the

R loading details. 1In all cases, the test was conducted on an Instron
. machine using a crosshead speed of .05 inch per minute. All specimens
L. 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 fer this program at the time of the Task

I materials evaluation phase, were considered as possiblie candidates ;
because of their physical properties and compatibility with potential 4
substrates: ;

-

.= Uralane 5739

B PPG 112 Interlayer

: Heat Vulcanizing (HV) Silicone
RTV 630 Silicone

>
»
-
. PP

v P
- ’. .

2
S 4,
3]

£

F
e S8

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.

.4

*
II

o A5

&
. al

s o

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.

rkg .k 25 i
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Delamination was also found to occur at the elevated temperatures where g
there was excessive yielding and bolt hole elongation. This was par- g
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.

U T i S i il

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 straps 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.

R S e ke

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- i
forcements bonded to each side of structural polycarbonate (Table II)

were about 107 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

gystem 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 requirerent was 350 psi tensile shear bond
strength at temperatures from -65°F to 220°F. The following bond
strengths were obtained:

Test at RT 700 psi (average 4 specimens)
Test at 220°F 575 psi (average 2 specimens)
Test at 265°F 520 psi (average 2 specimens)
Test at RT (after 6 hrs

boiling water exposure) 715 psi (average 1 specimen)

The peel strength of the RTV 630 to a polycarbonate substrate with
§S-4120 primer was 15 1lbs per inch width resulting in adhesive failure
to polycarbonate subs.rate.

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

29
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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 wouid
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, RTIV 630 is prefer-
able.

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

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 cystem 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.

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 expeiienced 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.
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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 1bs/lineal inch

200°F 260°F
EXTENDED EDGE YIELD ULTIMATE YIELD ULTIMATE
125" - ,125" 1100 1290 790 910
(9031-3A)*
.125" - ,188" 1250 1500 1080 1280
(9030-21)*

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

One can see that the ,125" - ,188" combination gave comparable strength
at 260°F to the .125" - .125" plies at 200°F. However, a section with
two .125" plies did just meet the 870 1lbs/in ultimate tensile load re-
quirement selected for this program under the rigorous 260°F soak con-
dition.,




THECMAL /PRESSURE CAPABILITY

Bird tests had established the performance of two structural poly-

¢ .bonate ply svstem 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 purpnses were:

1. Maximum Burst Pressure/Temperature (18.8 psi, 383°F)
2. Maximum Crush Pressure (13.2 psi (avg.), 250°F)
3. Pressure Cycling (0 - 11.2 - 0 psi, 356°F)

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 75°F. The primary objectires frr conducting these tests
were:

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 ceontacting 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 75°F, This was
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FIGURE I6. MAXIMUM BURST PRESSURE / TEMPERATURE
TEST PROFILE.
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accomplished 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 260°F in six minutes.

a.

Test Sample Description

Circular Samples, 15" in diameter, were fabricated p:r the conven-
tional two-ply polycarbonate design with various ovcboard 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.

Initial Thermal/Pressure Testing

After some prelir.inary 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 (°F) TIME (MINUTES)
A 11-12 260 15
B 11-12 300 10
c 11-12 340 10
D-1 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 260°F. Because of control problems, this temperature level was
exceeded and the fifteen minute hold was actually maintained at E
285°F. 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 285°F
soak for this specimen. As anticipated, the thermal gradient
through the transparent central region approached linearity. The 1
thermal conductivity of the transparent materials of this design do b
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 235°F on the outboard strap indicates

some degree of heating nonuniformity associated with this thermal

system, Some of this nonuniformity could have been caused by the

concentrated heating system and the heat loss through the exposed

edges.

:
4
i
3

Based on the average temperature achieved for this test and the
potential insulation gained by the straps, a tentative temperature
of 200°F was proposzd as the upper soak limit of edge reinforcement
tensile test samples (see Section II-3, Table I). A soak limit
goal of 260°F 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 260°F
level in six minutes, but control problems developed causing the
test to be discontinued.

Improvements were made in tiie control system and tests were con-
tinued with incorporation of pressure loading. Subsequent samples
were tested at the 260°F temperature level without any pressure for
fifteen minutes. If no effects developed, the next test repeated
the 260°F outboard temperature with 9.2 psi internal pressure.
Subsequent tests repeatcd 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. &
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 75°F. Hence, the first five tests for the acrylic-
faced panels and the first three tests of the glass-faced panels
as tabulated in Tabl: VI show inboard temperatures of 135°F or
higher. (The 100°F 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 75°F produced inboard ply
temperatures of 100° to 110°F.
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TABLE VI - INITIAL TEMPERATURE/PRESSURE TEST RESULTS

ON 15" CIRCULAR PANELS

TEMPERATURE CENTER §
SAMPLE TEST OUTBOARD INBOARD PRESSURE DEFLECTION 4
NO. CODE (°F) (°F) (PSI) (INCHES) RESULTS 4

ACRYLIC~-FACED PANELS

1 A°*k% 285 145 0 - No effects
c* 460 174 0 - Melted acrylic
2 A° 260 143 0 . 047 No effects
A 260 100 9,2 .399 Sorz I/L bubbles,
distorted
. c 375 135 9.2 .337 Interlayer bubbles
3 c° 380 110%* 0 145  No effects
o c 400 110%* 12.5 415 Deformed acrylic
3 GLASS~FACED PANELS
E 4 A° 270 155 0 - Some delamination
5{; A 260 150 9,2 .303 Delam, crystallized
- . V-gell-interlayer
el c® 395 180 0 .237 Dissolved V-gell
. melted interlayer
-;’7‘$ Ck 340 100%* 9.2 .339  I/L bubbles, delam
R 5 D 355 100%* 11.0 452 I/L bubbles, delam
= »7
.
» ‘t “
. b *After Test No. C°, the glass face and cutboard interlayer were removed
4 j and the interlayer replaced

9 **Inboard surface cooled by maintaining the inside cavity at 75°F

£ “f **kSuperscript ° indicates temperature without inboard pressure




Maintaining the outboard surface temperature at 260°F for fifteen
minutes with 9.2 psi internal pressure caused severe delamination
of the glass ply and the formation of some crystallized particles
in the outermost interlayer. (Some of this delamination was
assoclated 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 C° and C (Table
VI) at higher temperatures caused further glass delamination 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 delamination since the glass was not held
in place by a strap. Since the glass was more rigid than thc 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 delamination
forces causing the glass to separate from the panel.

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" gridboard through
panel No. 5 inclined at the F-111 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.

Fina) 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 consistec of using a silicone
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 failuwes occurring early in the proposed
test sequence.

Sample No. 7, glass-faced with silicone outermost interlayer, did
not have acceptable adhesion to the glass surface. This sample
subjected to an internal pressure of 11 psi, showed gross delamina-
tion at the silicone-glass interface when the outboard glass sur-~
face reached 140°F. Hence, Sample No. 7 never achieved the first
test exposure of 260°F 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 260°F 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. 1In
essence, this material did not surpass the performance of acrylic.

The gross interlayer bubpnle 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 exposares 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 ylelded significant improvements
in combined thermal/pressure load performance. The glass-faced
Sample No. 9 sustained a total time of 60 minutes at 360°F, 11-12
psi wiich was the best performance achieved by any design. After
the last test at 360°F, 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 thdat could
not be explained.

Utilization of fused acrylic-polycarbonate facing also showed a
significant improvement when compared to the acrylic-faced design.
No effects were produced in the acrylic-3/16" polycarbonate-faced
panel No.l1ll until the next to the last test was conducted. In
test D-2, the 360°F exposure for 20 minutes, acrylic deformation
and some interlayer bubbles developed. Some of the interlayer
bubhles, as shown in Figure 22, were considerably larger than the
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No DamageE UNTIL TEST No.D-l

DAMAGED SuRFAcE AND INTERLAYER
AFTER Taemibloe o & - ® N)

FIGURE 22, BUBBLES IN ACRYLIC & POLYCARBONATE-FACED PANEL
NO. 11 AFTER COMPLETION OF TEST D-2.
na

“e ko A ' ®>

e i e T e



AJ;‘

y "}1,’:5,5‘ ;i" '1,,.1-,;'4

g ==
o)

" 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
wif> 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. 1l 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 360°F for 10 minutes,
test D-1, c¢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 5
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 A
1I.
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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 cf providing the required impact resistance
wichin the we., and thickness limitations for canopies and windshields.

One of the continuing probiems with field use of PC transparencies is
the poor abrasion and chemical resistance of PC, The air cannon screen-
ing involved prelirinary tests to determine the relative performance of
various methods of protecting the PC. Cladding the PC by fusing as-cast
acrylic does provide abrasion and chemical protection, but as Figure 23
shows, the impact strength is reduced by cracks which originate in the
acrylic., Another method is to interpose an interlayer or adhesive
between the PC and a protective ply which yields penetration limits
close to that of the PC ply itself. A third is to apply an abrasion
resistant coating to the PC.

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 O0-I 650 coating on two
sides and with 0-I 650 on one side. Only Abcite-coated PC stopped the
missile and formed a ductile bulge. PC with 0-I 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 LEXANY 0-I 650 was chosen for limited evaluation in 5
preliminary bird impact tests. 4

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-0-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.

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 = 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 -30°F outboard ambient to room
temperature inboard, it was felt that some of the currently available
interlayer/adhesives 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 embrittlement. Here, 12"

x 12" specimens of .110" HERCULITE® 11 glass - .090" interlayer - .125"
PC were impacted at a nominal 243 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 embrittlement range. In preliminary screenings, silicones
were superior although plagued with adhesion problems. PPG CIP-64,

1 currently used in the F-111, exhibited an embrittlement range between

4 approximately +40°F and 50°F. Of those considered applicable for this

program, two materials, PPG 112 and Monsanto Research Corporation
Ethylene Terpolymer, exhibited the most promising embrittlement ranges.

- For comparison, data was also gathered for phosphate plasticized poly-
-4 vinyl butyral (TCP Vinyl). This experimental vinyl was chosen for its

3 compatibility with PC, unlike 3GH Vinyl in which the plasticizer attacks
PC. As shown, the "low temperature" embrittlement range is actually
above room temperature and is much higher than other candidate materials.

TABLE IX - INTERLAYER EMBRITTLEMENT RANGE

g MISSILE MISSILE
INTERLAYER PENETRATED HELD

i TCP Vi'nyl 86°F 121°F
E .
PPG 112 11°F 18°F

Ethylene Terpolymer 16°F 24°F

o™ ‘ 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.

i All impacts were center strikes with 4 1b birds. A sketch of a typical
0 Li panel and an edge mounting section appears in Figure 24, The panels
E. | were bolted to a 1/2" x 4" steel frame which was clamped to the rigid
3 AEDC support, as shown in Figures 25 and 26.  Figure 25 is an overall
e ¥ view of the impact area configuration for windshields mounted at 22°
1;%-;§i from the line of flight of the bird. Figure 26 gives a close-up view of

N a panel bolted to the steel mrunting frame which is subsequently clamped
¥ to the target holder. The canopy test apparatus was identical to that
B 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.

s
2%

6For a complete description of the AEDC flight impact simulator, see:
b 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 1b/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 monolithic PC to laminates of various PC ply thicknesses.
In this series of specimens, when surface protectioan 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 2ad 14A compare:l thicker designs with monolithic .688"
and .750" PC to laminated combina: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 faciug 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 is summarized in Figures
27, 28 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 constructiomns.

1. Even with center impacts, the panel support system can influence
resulis. 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.

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 i

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

1A WT-17 .750" PC (.375" PC extended edge section) .
2A WI-12 .750" PC (coated both sides with OI 650) (.375" PC extended edge
34,38 WI-2,5 .125" Acrylic - .120" IL - .125" PC (15 ohms/sq gold film)* -

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

3C WI-7 .125" Acrylfc - .120" IL - .125" PC* - ,120" IL* - .125" PC*
(15 ohms/sq gold film) - .120" IL - .125" EC
4A,4B Wr-3,1 Same as Code 3, without 15 ohms/sq gold coating
8A WI-6 .110" Glass - .120" IL - .250" PC ~ .120" IL*- .250" PC k

(.125" PC - .120" 112 IL - .125" PC extended edge)

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

6A WI-14 .125" Acrylic - .090" "L - .750 PC (.375" PC extended edge)
H y
7A WI-18 .125" Acrylic - .120" IL - .188" PC* - .090" IL ~ .188" PC* -
.120" IL - .125" PC 3 o
13A WI-9 .060" Acrylic/.093" PC - .120" IL - .125" PC* - .090" IL* -

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

b 144 WI-15 .060" Acrylic/.093" PC - .120" IL - .688™ BC (.438" PC

AN extended edge) B

1;:;:45 3

L 9A WI-11 .110" Glass - .120" IL - .125" PC - .120" IL - .125" PC* -

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

IR D

£ 'é{ 10A WI-~13 © Same as Code 9 but with 15 ohms/sq gold film on glass

o .

7 a ')g P
vy P

g - o 11A WI-8 .110" Glass - .120" IL - .625" PC - .120" IL - .060" Acrylic i

(.375" PC extended edge)

e

12A Wr-10 .110" Glass -~ .120" IL - .125" PC - .120" IL - .125" PC* -
.120" IL* - ,125" PC* - ,120" IL - .125" Stretched Acrylic

3

it >
i
. Wy
Y
o P At B

L

; Include in extended edge section.
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Au FILM (3A, 3B)

370 860 ]
I i | i |
Au FILM (30) ]

WT-2 3A FAILED 447 KT PUNCHED THRU TOP (FRAME)

WT-5 3B 0K 525 NO SHEARING OR PC DAMAGE
WT-7 3C FAILED 538 SHEARED TOP EDGE

-1 WT-3 4A 0K 510 KT NO PC DAMAGE

= WT-1 4B FAILED 504 1ST SHOT - CUT BY FRAME

I
I 370

!

WI-6 8A FAILED 497 KT SHEARED AT TOP, CRACKED EDGES

3 375 ' 870

I 1 i

WT-4 5A FAILED 483 KT BLEW OUT CENTER

R

3
%
%
2%

b y
Fo g

3 2
¥ 2 F el

X

&

. { WT-16 5B  FAILED 447 woo "
i ? FIGURE 27, SUMMARY OF TASK I PRELIMINARY BIRD IMPACTS (GROUP 2)

o
o e

60

AER s SR L
AXY Forye,
'\‘3 s

'%;
| k

A




FIGURE 28,

"{'

375 | 965
T L | _ ¢

WT-14 6A  FAILED 511 KT BLEW CUT CENTER

.u%s #& ]56_

{

WT-18 7A 0K 507 KT NO PC DAMAGE

—-—
—

P >

WT-9  13A 0K 499 KT NO SERIOUS DAMAGE

4 == T

WT-15 14A  FAILED 478 KT BLEW OUT CENTER
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1 ‘ 370 1,025
1. WT-11 %A 0K 517 KT PC CRACK AT TOP (CRAZING) PLEX CK

Au FILM T
0

370 [ 1.025
| : =Sy |

WT-13 10A OK 491 KT  PC CRACK AT TOP. GOLD FILM OK, PLEX OK
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3?-;1 WT-8 11A FAILED 509 KT BLEW OUT CENTER i
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o 3 l | | :
. :"’ '
. 370 | : 1,090 1

§* < WT-10 12A 0K 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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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 ccnstructione
which took advantage of the .500" allowable deviation from mold
line.

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.

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.

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.

As-cast acrylic could be used as an inboard abrasion ply with no
serious spalling or degradation of penetration resistance pro-
vided PPG N-1 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.

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 wereoriginally

intended for investigating the eifect of LCOS restraint during
deflection.




TABLE XI — LCOS RESTRAINT PANEL CONSTRUCTIONS

SAMPLE SHOT NO. CONSTRUCTION

15A WI-31 .125" Aerylic - .120" IL - .125" PC - .120" IL ~-
.125" PC* - ,120" IL* - ,125" PC* - ,120" IL -
.125" Stretched Acrylic

16A WI-30 .125" Acrylic - .120" IL - .125" PC - ,120" IL -
3/ .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,
g 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

-

o and from the edge attachment, structural and material evaluation portions

e 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

b an all-plastic design are many-~-impact resistance, weight, re-
k. sidual visibility, etc. The preiiminary tests showed that an
“u. . acrylic-faced PC laminate was a promising design type. In this
o group, PC plies of .125" and .188" were used in the extended

K. ] 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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FIGURE 30. CONTINUED
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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- 4
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
WI-29 in Appendix 1. Epoxy-Nomex was used for both PC reinforcement

: straps and inserts with thicknesses and sizes as detailed in Appendix 1.
>3 Strap and retainer bonding was via nominal .010" RTV 630. Where tested,
aluminum hushings were used.

! Detailed data for :ach of the eleven ahots can be found in the data
N sheets for WI-19 to 29 in Appendix 1 and the deflection data is

e 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
b impact resistance between types of reinforcement (straps vs

S insert), the edge attachment did place severe loading on the

iﬁ bolts, particularly at the rear edge. In several cases, bolt
s failure led to collapse of the edge during deflection. It was
9 L expected that this would amplify the importance of impact loca-

tion during windshield testing in Task II, and high strength
bolts were selected for Task II.

B

g Retainer geometry must be selected to prevent funneling of the
R hydrodynamic pressure down into the edge, causing shearing of

i -ﬁ the extended plies. This can be accomplished by geometry of

‘u~}§ the retainer and elimination of a free edge where peeling can
iy begin,
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As far as bird impact resistance was concerned, the RTV 630
adhesive performed well. In general, adhesion of the straps
b and inserts to 112, or polycarbonate (using RIV 630), was

p better during impact than the inter-leminar strength of the
E epoxy-Nomex reinforcement.

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

e

i Specifically: i

a., Failure of chemically strengthened glass plies during impact
deflection resulted in the ejection of spall particles and
also complete loss of visibility., In the Task I tests, the

i spall left normal to the bulge inboard surface at average
speeds from 296 to 315 ft/sec. Particles were embedded in 3
rk} styrofoam witness plates placed up to 40" below the target 9
point.

£, b. Inboard PC - In the first series of tests, a floating in-
board ply of .125" PC performed well with no degradation of

y residual visibility. In the second series of tests, the use

q of a .188" PC floating ply appeared to create a center
section which was too stiff, ceusing 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 facters ex-
g hibited by the two basic design types.

SRS 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

B\Q;ﬂ state-of-the-art in protective coatings, thin as-cast acrylic

- ¢g§ can also serve as en inboard ply and worked successfully under
Y.y bird impact with no spall problems. In stopping the bird, all-
*@t }?’ plastic cross-sections retained useful visibility after impact,

ninimizing the chance for mission completion.

1 The primary problem according to our data was the degradation of
visibility and structural integrity resulting from softening and
‘ plastic defermation of acrylic under extremes of temperature and

pressure. An outboard ply of fused acrylic and polycarbonate




which was also acceptable during bird impact did give better
resistance to F-111 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.

Glass-Faced - Maximum abrasion and chemical resistance was
achieved with glass outboard. Interior polycarbonate plies still
provided the required impact resistancz 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 expamnsion 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-inter-
layer interface with the potential for delamination or glass
breakage. A design with glass on both faces introduces a
"balanced" cross-section and maximizes surface durability.
Stiffness in service would be cemparable to the existing glass
F-111 windshield, yet, as occurred during successful bird impact
tests, failure of the glass plies permitted the necessary de-
flection. Faillure 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 insensi~-
tivity 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.

:32- R Basically, the Task I tests indicated two areas which were found to have

Wy the potential for affecting the overall success in meeting windshield
N requirements and a Task II program was proposed accordingly. First, it

1;*~, was agreed that preliminary temperature/pressure tests should be con-
it ducted on full-size windshields in Task II rather than in Task IJI when
i 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 2
edge section of .125" and .188" PC plies which met the 500 knot impact g
requirement. The constructions which were proposed and made for Task II :
7 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)

3 ' .060" as-cast acrylic + .125" PC (fused) - .090" 112 - ,125" PC - 3
C .090" 112 - ,188" PC - .090" 112 - .060" as-cast acrylic 3
; . Areal Density = 5.16 lbs/ft?2 3

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
e < arch, beam and sill. On the aft arch, the proposed retainer was
= tapered, as shown, to eliminate the chance of '"tunneling" by

& bird tissue,

.085" chemically strengthened glass - .090" 112 - ,125" PC -
.090" 112 - ,188" PC - .090" 112 - ,085" chemically strengthnned
glass

\ 2. Alternate Design (Figure 32) (Glass-Faced)
\

Y _,,},",‘!

Areal Density = 5.76 lbs/ft2

3 In this design, the outboard glass ply was to be held around its
k- periphery with a strap of .020" aluminum bonded to the inboard

- surface of the glass with a flexible adhesive such as RTV 630.
oo On three sides, the beam, sill and forward arch, the glass was

g also to be held by an outboard .020" strap bonded to the glass
. and to a spacer/retainer with RTV, The outboard ply attachment
o was to be adhered to a ,040" impregnated nylon spacer. The other
SO three straps were proposed to be .020" x 2,00" impregnated nylon
e Tey bonded with nominal .010" RTV 630 or equivalent.




k3

i

(2)
(3)

(4)

(5)

(6)

€))

a3

In the figures, the codes correspond to the following edge attach-
ment details:

(1)

.020" x 2" epoxy-Nomex strap bonded with ncminal ,010" RTV
630 or equivalent

125" x 1.375" aluminum retainer bonded with RTV 630

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

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

.080" x 1.375" aluminum spacer/retainer; tapered as shown
and gap filled with RIV 630

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

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

] 085" HERC. IT
(6 —— e 090" 112
125" PC

L = e = — .090" 112
I || 188" PC E

9 e TE— 090" 112
( L085"HERC. IT

A)BEAM,SILL,FWD ARCH

L.--""‘"'"-...--

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

RE 32. F’RELIMINAR!3 TASK II WINDSHIELDS




Task I canopy bird impacts followed the same format as that used for the
windshields. The first series was intended to define basic limits on
materiais and cross-sections, while the second series pursued opti-
mization, including edge attachments. Since formalization 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 WI-32 to WI-35 in Appendix 1 were as follows:

TABLE XII - CONSTRUCTIONS FOR TASK I PRELIMINARY CANOPY BIRD IMPACTS

SAMPLE SHOT NO. CONSTRUCTION (IMPACT SURFACE LISTEL: FIRST)

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

9031-2A,2B WI-33,35 125" Acrylic - .060" 112 IL - .125" PC* -
.037" 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
cent.er thickness (.585" vs. .588") and areal demnsity (3.64 vs. 3.66
1bs/£t2), 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 (t- 3.46 lbs/ft ) and thickness, the inboerd inter-
layer and as-cast acrylic of 9031-2 have been eliminated and the
now-exposed PC ply was coated with O-I 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, thiﬁ is the
heaviest of the proposed canopy designs at 4.04 lbs/ft“. 1In
service, this desigu would exhibit stiffness at least comparable
to the present F-111 1578 configuration glass canopy. The out-
board glass had 2" titanium straps (2) configured similarly to
the "A" light in the present glass F-11l1 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/ftz) 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 diglycol 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 WI-36 to
WI-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.




In recommending optimized constructions for Task II canop: 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 fail-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
1bs/in tensile load requirement from -65°F to +260°F.

Double PC ply constructions have stopped 4 1lb 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 resistarnce, Its good thermal and
structural capabilities are offset by weight, spall and loss of
residual visibility.

Based on these observations and other 1esults of canopy and windshield
tests to date, two constructions were tubmitted 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
24, 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 thanm 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/EC as in (A). For edge attachment,

the outboard edge contained a .125" x 1.375" aluminum retainer and reir-
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" RIV 630. As
with the windshields, aluminum bushings were included in the bolt holes
to transfer bolt loads from the retainer to the mounting surface.




S3IdONVYD II MSVL AHVNIWITINEd G3ANIANNOO3NY ‘e 3¥MN9Id
(8)
II X31d 090" .
21 0g0 = = =t
od s2| Ly L
211 060 = = “
od 62—
211 090~ |
66 X31d 080 —% |
v.i-1€06
(v)
I X31d 090 — .
2il 0€0° -
od gz2I°
2l 060 ——f i=
od g¢2I°
) 2l 090
2d €60
omm:..;n x37d 090" —&
vo-1€06
. ' .,. s M i :.‘,.m‘,....,.w.,rmf. A us. ..u-mu ~¢ T h\. ..m?,..h .;» o \. JJ




SECTION III

‘- TASK II
9 1. INTRODUCTION

] The primary objective of Task II was to establish a besis to recommend
3 a specific detailed windshield design to meet the contract requirements.
1 | To accompldsh this, the major effort was to evaluate the response of
" ; developmental, full-size F-111 windshields and canopies of apprcved
constructions to bird impacts at different locations at speed between
A 500 knots and Mach 1.2. As a result of Task I work, a secondary but

concurrent effort investigated the effect of required F-111 temnperature
and pressure profiles.

As before, the different areas of activity in bird impact .cecing and

, thermal/pressure evaluation are discussed separately. The Task Il i

‘ | section is concluded with thte windshield and canopv designs selected I8
. for Task IfL prototype production.
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2, THERMAL/PRESSURE CAPABILI1Y

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 maximum Burst Pressure/Temperature,
Maximum Crush Pressure and Pressure Cycling (Type II). 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 an F-111 production pressure fixture with cyclic response to
20 psi 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 3% 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 outbnard surface rubber cover under vacuum.
A sheet of 1/8" silicone was placed between the part and the blan-
ket to eliminate any contaci mark-off. The fiberglass surface and
stitches of the blanket readily damaged the acrylic surface at
260°F in the preliminary test. This was attributed to the 260°F
outboard surface temperature and the vacuum necessary for tempera-
ture uniformity and repeatability. Hence, a vacuum of 1 psi was
maintained for all subsequent tests. Higher vacuum to 10 psi
showed no significent advantage in temperature uniformity. Although
the heating response cbtained approached the desired rate of 260°F
in six minutes, no method for quick cooling was possible. Hence,
temperature cvcli: tests were not corducted.

b. Test Proced.ure

After the thermal system was finalized, a standard test plan was
devised. Table XIII shows this prorosed 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
conduocted on 15" samples in Task I.
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TABLE XIII - TEST PLAN

@ TEST NO.  PRESSURE (PSI)  TEMPERATURE (°F)  TIME (MIN.)  CYCLES
b 1 16-20 Room Temp. 30 1 :
" 2 12,5 260 15 1 i
3 12.5 300 10 1 %
-’ 4 12.5 260 15 1
12.5 340 5 1 f
5 12.5 340 10 1 |
_ . 6 12.5 360 10 1 |
‘} 7 12.5 Room Temp. 5 10
,‘ 8 12.5 360 5 5
3 9 12.5 360 5 10

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 50 inch-pounds. The
prescribed F~11l1 torquing procedures were followed. The build-up was then
accomplished as detailed in Figure 35. After making all the required
connections, actua. tests were conducted.

(¥ s
T

Liw,

. Before each static test the heating blanket enclosure was subjected to the 3
A 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

i u.L load of 12.5, 16 or 20 psig. This pressure was maintained throughout each
< I test. The heating blanket was energized to heat the outboard surface at
et the maximum rate. Depending on the actual prescribed temperature level, i
f':‘ﬂ it was achieved within six to ten minutes. After completing the prescribed 1
‘f‘?gg‘ exposure time at a given temperature and pressure, power to the heating i
s Sy blanket was turned off and the pressure im the chamber was relieved. The j
,f‘;*ﬁ outboard thermal system was then dismantled to enhance cooling. After an
O 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 II-5, show the design of the two left-hand

3 windshields tested. Based on the results of Task 1, 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
¥ of the strain gage adhesive limitations, no gages were applied to the
E outboard surface. The temperature at various locations on both

L surfaces was measured by attached thermocouples. These thermocouple
locations are also shown on Figure 36.

{ d. Test Set-Up

k-, ) Figure 37 shows the complete windshield test set-up. The uniform
J contact of the blanket to the outboard surface of windshield No. 28
by can be noted by the conformance of the outside rubber sheet. The
deflection of the windshield was determined from the gage mounted at
4 the center of the panel. In order to achieve access to the outboard
" itg surface of the windshield, a hole was designed in the blanket.
Lthough this hole permitted deflection measurements, it drastically
reduced the thermal capability of the blanket in the central area.

B

A p e

Hence, temperatures as sensed by the embedded thermocouples were
erratic and not valid maximums for the particular interlayers. 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.

3 e. Test Results

Results of the thermal/pressure tests are tabulated on Table X1V.
R All-plastic panel No. 28 successfully withstood 20 psi internal

r pressure for 30 minutes without any adverse effects. A creep of
24 ] .008" occurred at this pressure hold with deflections increasing
from .228 to .236". The maximum stress did not exceed 1000 psi.

i
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The first temperature exposure test to a maximum of 260°F 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 interleyer bubbles or acrylic deformation
were cbtained, the siliconc 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 300°F.
As further increases in temperature were achieved, the stained areas
were found to be slightly depressed beiciw the adjacent surface,
Bubbles did not develop in the outboard interlayer until the acrylic
surface was exposed to 360°F for 15 wminutes. 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 360°F produced many
more interlayer bubbles. A total time of 120 minutes at 360°F, and
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 300°F.

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 260°F, delamination developed in the third test at
300°F. Delamination of the outboard glass ply from the interlayer
extending 3" into the daylight opening developed alung 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-plaetic panel No. 28. The next test at IL0°F caussed a few
bubbles to form inside the delamination area. The number of bubbles
correspondingly increased with the 360°F exposure of test 6. Again
this agrees with Task I 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
360°F.




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
assoclated 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 less 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.

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 tempzcature 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 damage
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 c:nstant temperature exposure achieved by 360°F
outboard with cyclic prersure. This appears to be true for either
design. For the acrylic-faced version, interlayer bubbles led to
acrylic deformation whereus the glass-faced design problems were
delamination 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 75°F 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
A design would successfully pass the specified one life-time test,
F 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.




3. TASK II BIRD IMPACT TESTS

Task IIL bird impacts were made on full-size F-111 windshields and
canoples. As in Task I, all tests were made using 4 1b 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 tests were conducted at ambient ''room
temperature'" conditions. The canopies, mounted in F-111 module hatches,
were shot in the forward arch-beam corner in both ambient temperature

E and low temperature gradient environments.

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

ﬁ , Figure 31. Panels were mounted in a rigid test frame, shown in
gl Figure 39, and oriented to simulate the module installation. The
%3 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

3 \ aft arch-beam corner. Figure 40 summarizes the locations and results

» 1 while detailed comments can be seen in the data sheets for WT-39 through
WI-43 in Appendix 1.

. Before discussing the effect of mounting and impact location, some
;1 conclusions were drawn about the windshield construction which related
B 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.
B .
K- ! 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
?%sgfﬂ. structural failure during impact. As a result, a facing ply of
3 éui .060" acrylic and .188" PC, which showed promise for thermal
2.y resistance, was recommended to be tested for bird impact effects.
y.: “~§% 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,
1 impacts led to large localized deflections which caused minor
* spalling of several small pieces of the acrylic from the bulged
area,

T § o T TR,
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The more important factor in these tests, which had an effect on
program direction, was related to impact location and mounting

Even with the extreme local bulging from high speed impacts, there
was no crack propaga.'on 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 i
in the facing ply.

The edge system in general, and the retainer, bushings, bolts and
Ply reinforcement in particular, perfoimed their required tasks,

indicating no need for modification at that time. ?
As expected, large center deflections were experienced with thin %
laminated cross-sections.

structure.

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.

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.

High-speed motion pictures showed that therz was negligible
deflection of the frame during shot WI-43 in the aft arch-beam
corner. The use of a stiff frame was chosen for durability and
to place maximum load on the tramsparency. However, in retrc-
spect it 1s 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:




(a) In July 1972, PPG conducted tests at ambient temperature with
4 1b birds on full-sized F-1ll 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 pictures7 show more frame deflection than with
WI-43.

(b) 1In November 1972, the Air Force made 4 1lb bird impacts8 on
two windshields of the same tasic construction as discussed
in (a). The windshields were mounted in a standard F-111
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.

With the flexible frame and module test results in mind, it was
decided that the primary Task II windshield comstruction should be
checked in a more realistic structure before design changes were
undertaken. Tec do this, a corner impact (WI-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,

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

8g. J. Sanders, Investigation of the Effects of Bird Impacts on the F~111

Crew Module, p. 11, LTR-AEDC-VKF-ASA-1-73, March 1973.
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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 3
the edge of the .ch mounting surface. It was located completely 4
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 ccrner offered little resistance

to the impact load. It should be noted that this corner failure ]
vas not the result of the projecting first gusset which contacted 3
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.

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 then the 3/16" ply. This is also borme out by the amount of 9
deformaf:ion around bolt holes 4-11 in the 1/8" PC which is not L
prescac in the 3/16" PC ply.

Frame Impact (WI-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 corner radius.

It occurred on the inside surface (next to the mounting surface),
in line with the outboard floating section, and probably started 1
from some surface defect or damage. The rest of the 3/16" ply 4
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 main 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. 1In general, it was the opinion
that windshield 9030-24 (WI-43) in the frame was slightly poorer
in resisting the equivalent impact than 9030-25 (WT-44) tested in
the modified module.

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 shots. 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 a4 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 1
corner. First, it was the consensus of Air Force, PPG and McDonnell
Douglas personnel that modification of the rigid test frame to simulate
the EI 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 addirg a metal support strip under the wind-
shield edge attachment.

2. Increase the tensile load-carryiag capability of the extended edge ‘?
section.

Figure 43 shows cross-sections of three windshields which incorporated E
the design changes which were tested in the module. The first con- i
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 1ncluding rounding the 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 center 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 RIV 630 used successfully

on the earlier windshields.
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The three revised windshields were tcated in & crew module which, in
addition to rounding of the mounting sucface, 'ncluded McDonnell
Douglas incerim arch fittings. The refaforcements extended approxi-
mately 13" from the beam edge along the aft arch of each panel.

Detalled ouservations for the tests WI-47 to -49 can be seen in the
data sheecs in Appendix 1. For immediate comparison, module impacts
are summaxized in the following Table XV while portions of the panels
appear in lhe photograph in Figure 44.

As shown in Tigure 44, there were improvements over WI-44 in the
performance of wirdshields with two extended PC structural plies
(tests WI-47 and ~49), even at higher impact eanergy. But, the

changes since WI~44 were insufficient to preveat penetration.

Fractuve analyses of sections of the two windshields tested with
gupporl sirips and rounded ends on the arch mounting flange revealed
that the catastrophic shearing of the inboard PC ply which occurred

in WI-44 had been eliminated. 1In WI-47, the fracture of the inboard
PC ply tegan from numerous origins on both surfaces. 1In WI-49, the
origins in the inboard PC were from the outboa.d (tension) surface.

In both cases, the failures of the inboard PC were still coincident
with the end of the arch flange. The outboard extended PC ply of both
windshlelds failed in tension from ocigins near the bolt holes. Over-
all, however, ihere was only slight differernce between WT-47 and =49
insofax as the extent of impact damage exper lerced.

All windshield shots, of course, were influeacsd by the perfcrmance
of the arch rainforcement supplied by McDonnzll Douglas. 1In light

of the slight deformation of the arch in the impact area, it was
apparent that the rigidity of the modified asch influenced the extent
of failure in WI-47 and -49. The critical role played by the arch
was demonstrated by WI-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, ths "0ld" windshield with no edge
reinforcemsnt was not penetrated, but a section of the arch failed,
permirting much of the bird to enter the module. In WI-50, the same
windshield construction which survived in FM-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
batween she estyemes of FM~2 and WT-50. Toward this end, McDonnell
recormended 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 WI-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 1bs, 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 pPly, indicated a need for
optimization.
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Following the work discussed above, 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 imstruction of the 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 .060" as-cast acrylic inboard for maximum durability.
These designs, shown in Figure 45, provided a direct comparison with
9030-33 (WI-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" :z 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 impszt 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 windshieids 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

Panel

Test Construction Arch Reinforcement Speed Result

WT-53 Medium 3-Ply (Used) - Not milled, 516 KT OK
Hi-Loks removed.
Added section*

WT-54 Thin 3-Ply (Used) - Milled with 521 KT oK
all fasteners in
place.

WI-59 "Primary" with (New) - Milled with 458 KT Failed
1/8" and 3/16" corner Hi-Loks
plies reversed removed.

*See text

Both windshields with three PC structural plies survived aft beam
corner impacts from 4 1b birds at 516 knots and 521 knots. Support
included the same McDonnell Douglas interim fitting as used in WI-49
and WI-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". 1In contrast to WI-53, the corner Hi-Lok
fasteners were used for WI-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 Douglas 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
WI-59, the final windshield shot.
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' In spite of the design changes discussed, plus a more flexible s

. mounting, the aft beam corner impact area of 9030-38 was penetrated 4
b 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, 7

! exceeding the ultimate strength of the extended PC plies. i

WI-59 completed the Task II windshield bird impacts which included

_ nine shots in the critical aft beam corner. Because of the importance

xf of the corner impacts in the test program and in service, Table XIII K
summarizes all such tests including those which were part of inde- 5
pendent PPG and Air Force programs. 7

! 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 from this program of aft beam corner impacts on
windshields in modified modules affected not only Task III1 wind- .
shield recommendat:.ons, 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 3

B aft beam corner impacts without penetration. All demonstrated a ]
e mode of failure with shearing of the innermost extended ply which 4
;5 caused tensile failure of the other ply. 3
i3 1

o 3. Panels with three extended PC plies did meet the 500 knot 4
. 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- i
R - shield and mounting surface tended to reduce edge shearing. :

4
T;‘il 5. Edge shearing was also reduced by grinding the top center of the
mounting surfaces in the module to increase the bending radius.

6. 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
elther transparency or arch failure.

7. Optimization of system to meet specific requirements (aft beam
corner impacts) required actual hardware rather than test frames.

' 109 S




Sl R

JUIWIDI0JUTAI s
28uety 3uyjunow jo 3dpa ysae pajassnd §¢-0€06 ﬂ“
Y3ita aury uy 3uyieays I3 £0S d PeTTed YlFs OTNpoR @8pe A1d 04 2 79-1M
(9T/€ ~ 8/T) H2-0€£06
UOTIDITJop SWelj TEWFUTH IX 60S d PRITRd owexy PI3py¥ 93pa £1d 54 ¢ €9-1IM w ;
(9T/€ - 8/T) £2-0€06
UOFITSTI2P SWely TEBWFUIR I 269 B PoTTI=d swe1y PI3TY 23p2 A1d 04 ¢ TY-1m
Juam
317d¥%202 o3juyr uojjzeaisauad ~-32103uTax 23p9 ou 1891, o
BUTMOTTE P3TFEBJ UOTIO8S I3 TES aTnpou ‘a8pe aapun avqQ-Z adaog 11V !
Yyoze "0 S/M {Sncyily ® M0 S/k P3T 3T PO ou fu3yssp ,,PTO, T-Ri
JuaWa9I0JUFIL
a8pa LTuo aeq-z
ssa[uiels €/1I YA
uor3iealauad 4/1 3ur3eoly od
ou $s3y1d 34 ©1 382wWep (33ps 91/¢ - 8/1) 3831 944
IYST[S ‘pPI2D3[IOP Surig X S6%7 9 A0 SWE1] 3583 944 udrsap ,,P10,, 0T-2ZLLO
sy 1rmey 831ns3y 3Ioedmy SUOTITPUO) UOF3IONIIsSuc) [oueg *oN Toueg
FUuTJunoy pue 3183]
“ *SPITq qT % @2Yy3 jo 3IuIyr3
30 @RIl 2§13 el g7 28pe Weaq aW) YITA paiuafie Spleryspula a327dumod o ainjezadus] woolx j® 83833 IV
1SuUoT1TpPuUO]
S0 /SONI™ T1T-4 NO SISAL 1774Wi GA1d daR600 “vada-1dvV - LIAX T19VL
%
‘ - i _— e ———— LT e EERY T
= o . — |..1|.1-||. e m——— .‘.4.._.”.%. M- n...hm-_ﬁ...l”...._m. e o —
5 I AP ST A R ral Bl : 3 4 W
: 3 i e P A - ....._ e N - 1 ..-.. i ” 3 Wei o 8



e

su8ysap
A1d 38ps o4 7 Ieyzo
ueyy 218a8s aiou aJeweq

uorjelox

pPuUE uOIJIOATIVP yYodae
1sow ¢{S/M q7 §G ©3 S3ruwep
YeanlioniIis 3uedFJTuldrs oN

uot3jelzoa

pue uoridalIap Yolie

emos fg/M qT T9 03 93ewep
{2an3onils JuUedTITUITS ON

JUBWBIIOJUTIL
yoie JO 309339 SMOUS
Z-Ki Y3ITM uostaedwo)

pa3rmep ATIYSTTS yoae

{peT¥ey S/M 9T/ - 8/1
ueyl I2339q LTIY3TTS LTUO

Toued qT1 G°19
01 98rwep SNOTI3S ON

UOTF3IBIO01 I0 UOTIIITIIP
yoxe IY3TTs £LTuo (HH-IM
uBYy3l IOUBISTSAI 193199

o L g P

I1 8S% 9 POTTRd

I 12S @ J0

I3 91S @ J0

IX 625 ® PRTTEd

Id STS © Pe1red

Id 0ZS @ ¥0

1A 826 @ PoTFRd

Sj0T-FH 13UI10D
ou $8uy3lary

WEI93IUF PITTIW
MU YITA STNPOK

8ur3ITy
wrisjuy paTTIW
Yiys TnpoR

(sy01

-TH 12Ul100 Ou)
SuT33TJ Wrad3ug
Y3ITm 2INPON

8ur331¥3 WrILd3uUT
Y3agms STnpon

8uy3l3F3 WrIAIUT
Y3ITA 3TNPOR

8uF33y; wWraslur
Y3ITm 3TNpOR

3ur33Ty Wrasjufr
Y3Irm STNPOR

sdei3s
J1 pue 3jxasut

+ (8/T - 91/€)
a8pa £L1d D4 ¢

(€6C° - 3/T - €60°)
a8po £1d 2g ¢

(8/T - 8/1T - 8/1)
98pa £1d nd ¢

Z-Rd MTT
udrsap ,,P10,,

(91/€ - 91/¢)
a8pe A1d 24 ¢

dra3s 3azoddns 1J

(8/T - 91/€ - 8/1)
28pa £1d D4d ¢

dra1ls 3z20ddns 1]
aweg

8€-0£06
6S—-1IM

9¢€-0€06
76-1M

LE-CE06
£6-IM

189,
adaog ItV
0S—~IM

¢E-0£06
6%7-1M

€€-0€05
8%-1M

1€-0£06
LY-1M

83 aeway

s3Tnsay Jovdumy

SUoTITPUO)D
Surajunon

e .

(p,3u0d) ITAX I14V1

uoTlIonNiIsuo) Taued

*ON 1oueq
pue 1s3%




T B e 2 S b e

Initial Task II bird impact tests were made o1 full-size prototype
canopies of the constructions in Figure 34 in Section II-5. Because
of the limited projected area of the F-111 canopy in the installed
position, impact points were based on those used for the Air Force's
FM series,d but approximately 2" closer to the canopy center beam.

| Both canopies were mounted in standard F-111 hatches. As the data

sheets for WI-51 and -52 in Appendix 1 show, the camnopies prevented

. Jenetration at 509 knots and 684 knots. The high-speed shot at
4 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.

B ez S g

The possibility of weight reduction and low temperature impact

resistance was considered in developing constructions for final

Task 1I 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

E . coatings precluded the use of current abrasion resistant coatings on

the outboard surface. However, two panels with minimum weight and

thickness were included with coatings inboard. Shown in Figure 47,

9031-39 and -40 have a thin abrasion ply of as-cast acrylic outboard

and 0-I 650 coating inboard. O0-I 650 yielded maximum adhesion to

= 4 the substrate in Task I tests, but with some YC embrittlement. In

'% -% Task I, a 26" x 26" flat panel, 9031-3A with O-I 650 inboard, survived
a 497 knot impact (WI-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
T resistance was provided by fused acrylic and PC. Canopy 9031-41 was
g heavier than -39 and -40 (36.6 1lbs versus 25.9 lbs panel weight) but
Al promised better thermal resistance. The bottom cross-section in

RN 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

5*{Qﬁ‘ testing at low temperature.
3
o 91bid, Figure 11, p. 21.
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As can be seen in the data sheets for WI-55 and WI-56 in Appendix 1, §

9031-41 and 9031-40 survived nominal 500 knot room temperature impacts. é
Although successful, the general condition of the canopies and the 3
cracking of PC plies indicated that these panels were closge 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- 4

temperature exposure of the PC during cure of the 0-I 650. The coating
itself did not act as a source of PC fractures even though it exhibited
typlcal 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 4
of the panel indicated that the unusual failure may have been the il
resvit of a crack in the fused ply propagating through a thin
(approximately .020") area of the outermost 112 interlayer.

The purpose of the final Task II canopy tests was to evaluate the i
penetration resistance under -30°F outboard ambient to +75°F inboard 4
ambient temperature gradient conditions. Both shots were marred by

equipment and facility problems indicated on the data sheets in 4
Appendix 1. *

The first 1c ., 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 -30°F 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
interlayers., This is typical of failures at temperatures below the
+20°F to +10°F embrittlement range of 112 interlayer. The shape of

the flap is almost identical to that formed when c¢ne of PPG's in-house
test windshields was penetrated under +2°F soak conditions.

After the test it was discovered that AEDC's recorder had not been
calibrated and that indicated temperatures were approximately 11°F
higher than actuals, so that the outboard ambient was at least -39°F,
The temperature gradient (WI-57, Appendix 1) including the revised
surface temperatures show interlayer temperatures, particularly
between the structural plies, below the 112 embrittlement range.
Therefore, one would expect penetration at these lower-than-required
temperatures.
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The second low temperature canopy shot, WI-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 22.6°F
which, experience has shown, is above the embrittlerent range for

this interlayer system.

It 1is possible that the low temperature embrittlement of the 112 may
have been accompanied by brittleness of the PC. As with the other
two canopiles in this serles coated with O-I 650, the time-temperature
effect of the 230°F 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 ghis
series, which influenced the design recommended for Task III production.

1. Unlike the windshield, the existing canopy hatch is an adequate
mounting structure for absorxbing bird impact loads on the trans-
parency.

2. As found in Task I, a pair of two .125" PC structural plies 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.

4. The use of 0-I 650 for inboard abrasion protection may reduce
PC impact resistance. However, quantitative bird data was not
obtained.

5. The constructions tested will not meet the 500 knot protection
requirement under -30°F outboard ambient to +75°F inboard
ambient temperature gradient conditionmns.

115




CONDITIONS: ALL CANOPIES INSTALLED IN F-111 MODULE HATCHES
IMPACTS WITH 4-POUND BIRDS
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FIGURE 48, TASK II CANOPY BIRD IMPACTS
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4. 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 stutic 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, .0€0" 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
outbcard retainer was proposed, but for Task III, these were tapered

B to facilitate matching with fairings required to blend the thicker

4 X edge section with nominal mold line. The following taper slopes

- were based on McDonnell Douglas recommendations.

A8
B 1. Forward Arch - 7.5°. This angle permitted blending with the .
» | forward arch fairing. E
B 2. Sill - 10°. A larger taper was required to clear sill fairing :
£ angle support. The 10° angle permits .060" clearance.

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

e - >, While the beam, sill and forward arch retainers were flush with the
E g edge of the fused facing ply, the aft arch incorporated a second
taper as shown. Several possibilities were corsidered 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 reinforcemert: for each of the PC plies was to be provided by
.020" epoxy-Nomex "straps" bonded with nominal .010" RTV 630 to the
inboard surface of each ply. This reinforcewcn: differed slightly from
that used in the panel with three .125" PC plies shot in WI-$33. However,
the reinforcement arrangement proposed for Task III was used for wind-
shield 9030-36 which survived a 521 knot corner impact in test WI-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 airframe 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
1bs/lineal inch tensile edge loading requirement. Tests indicated
that at 260°F 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.

With the structural ply arrangement and edge reinforcement fixed, the
rest of the cross-section was based on a tradeoff between surface
protection and weipht. 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 j 2

canopy. Both thin as-cast acrylic and abrasion resistant coatings

were used in Tasks I and II and each have advantages and disadvantages )

3 as detailed elsewhere in this report. Thin as-cast acrylic was chosen ]
for the inboard facing ply because it provides maximum long-term 3

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 4

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~111 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

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.




2. PROTOTYPE FABRICATION AND DELIVERY

In practice, Task III was a two-stage, overlapping effort of tcoling
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 1list of tooling has
been covered by other submissions to the Air ForcelO and it will not
be discussed in this Final Report.

o W S e o =

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
b of recomnended designs.

Sure il oo

Tensilr: load data generated in Tasks I and II was based on an edge
attachment with two polycarbonate (PC) structural plies. Since the
Task IIT 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 windshizlds .
' and canopies and provides a comparison with earlier data, showing that 13
: comparable results were achieved at 260°F. Although the windshield !
continued to exceed requirements, the canopy still was just above the !
ultimate 870 1lbs/in load vequirement with little safety margin.

e i N AR i . il
B i bt b i S A e

= ] TABLE XVIII - ULTIMATE TENSILE LOADING OF TASK III EDGE DESIGNS F

e Yield Ultimate i
& Edge Type (Lbs/1In) (Lbs/In)

E Task II W/S (1/8-3/16 PC)* 1080 1280 ia
b Task III W/S (1/8-1/8-1/8 PC) 1050 1240 1
S Task II C/P (1/8-1/8 PC)* 790 910 E
2 Task III C/P (1/8-1/8 BC) 830 1030

4 *From Table IV
(|
b

10Letter from J. F. Wilson, PPG, %o H. A. War:, Jr., WPAFB, dated 28 March
1974, Subject: Contract No. F33615-74-C~3077 Developmental F-111 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 3
documentation, particularly on the three PC ply windshield design.
From Task 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~111 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 Acceptarce Test Procedure (ATP) for F-111 Windshields and
Canopies.11

These windshields did not meet the subjective interpretation of

Section 5.2, Visual Optical, which relates to immediately appareant

: bending, blurring, divergency, convergency or jumping of grid lines.

i, ' The numbor of specific excaptions 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

3 the relative quality of laminating tooling. Figures 51 and 52 show
gridboard photos of two windshields which demonstrate both the type of

: optical defects anf generally distortion-free center panel areas

i encountered in the »rototype windshield development. Figure 51 shows

‘ a left-hand windshield (401611 RF) which meets the ATP requirements

k- 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 ]
B, located in the forward beam-side portion of the critical area. 1In ‘
E- Figure 52, fewer and less severe distortion bands are present in the

fl, . forward critical area of this right-hand windshield (401612 RF).

'ﬁF‘i However, this 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.

11"Acceptance Test Procedure 501-2 for F-111 Windshield and Canopy
Transparencies,'”" pp. 4 and 5, 18 June 1971.
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TASK III L/H WINDSHIELD (401611 RF) GRIDBOARD PHOTO

FIGURE 51.
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TASK III R/H WINDSHIELD (401612 RF) GRIDBOARD PHOTO

FIGURE 52.
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Those familiar with early 1080 glass F-111 windshields will note a
similarity to the first eighteen F-111 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 tvransmittance 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 70.57 transmittance as expected. However, the trans-
mittance loss for the gnld 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 607 requirement. Haze ranged from 1.27
to 3.9% with an average of 2.35%. 1In all cases, the windshields met
the requirement of 47 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 1b weight
of Task II canopy 9031-42. The difference was due to increased
retainer thickness and acrylic thicknesses greater than nominal.

0f course, both are higher than the 30 1b Statement of Work require-
ment as a result of the weight of facing plies included for
durability. Light transmittance (76.7% average) and haze (2.27%
average) both surpass the requirements of 607 and 47 respectively

As with windshields, canopies meet the numerical ATP requirements
for production F-111 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 7.X, XX and XX1. 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 shipset 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.




3. PERFORMANCE SUMMARY

2. Tasks II and III were to yield windshield and canopy designs which
i3 would provide bird resistance yet function as serviceable F-1l11
i transparencies. This section summarizes briefly how the prototypes
compared with Statement of Work requirements, as discussed in detail
elsewhere and idertifies possible problem areas.

Tables XXII and XXIII are item-by-item lists of requirements or goals
- and performance levels achieved during the program, detailed in
s applicable sections. Windshields were within allowable limits for
4 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 windshi:1d and support

] structure was defined which will meet the 500 knot room temperature

. impact requirement. The windshicld 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
o section would survive the maximum temperature/pressure combinations as
N originally specified in the F-11l1 Qualification profiles. However,
A 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.

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 lensing and displacement; however, there was still i
e visually apparent bending of grid lines, particularly in the forward 2
g arch area and extreme aft arch edge. This subject must receive the 4
. A 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 1bs). 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 s
angle. The 500 knot protection was not achieved with an outboard o
temperature of 9° below the -30°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 zttachment.

Without the gold 15 ohms/sq coating, prototype canopies easily met
the 607 transmittance requirement. This could be a human factors
problem when contrasted with the approximately 187 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. 1In general, however, the Task III prototype canopies were
closer to production optical quality than the Task III windshields.
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TABLE XHII - PERFORMANCE SUMMARY - WINDSHIFLD

STATEMENT OF WORK ACTUAL
I. MOLD LINE DEVIATION I. MOLD LINE DEVIATION - BLEND ;
| WITH MCAIR FARINGS !
]
A, 0.23" 1/B A, 0,06" 1/B 9
B. 0.50" 0/® B. 0.49" 0/B ',4
II. BIRD IMPACT (4 LB BIRD) II. BIRD IMPACT (4 LB BIRD)
i
% A. Requirement A. Verified in Modified Module - 4
.i Aft Beam Corner ;
4 | 1. 500 KT @ RT 1. 520 XT @ RT - OK :
B 2. 500 K3 @ -30°F to +75°F 2. Testing Eliminated
3. 500 KT @ 4+200°F to +75°F 3. Testing Eliminated
B. Coal B. Goal
). Mnch 1.2 1. Center Impact
2 a) Mach 1.1 (727 KT) @ RT -
’ OK (2 Ply Design)
3
'L: 111, PRESSURE~-TEMPERATURE III. FULL SIZE WINDSHIELD TESTS
1 A. Four Life~Times A. To Be Evaluated at WPAFB
= 1. Failed 360°F O/B, 12.5 psi
E (Task 1I) /
- 2. Fused 0/B OK, 10 Cycles at 1
B Mach 2.4 (Air Force Tests)
- IV. WEIGHT IV. WEIGHT
- A. 69 Lbs A. 61 Lbs
> V. OPTICS V. OPTICS
E i
1-J&ﬁ A. Transmittance: 80% A. Transmittance: 58.82Z Average
s B. Haze: 4.0% B. Haze: 2.4% Average
C. Deviation: C. Deviation:
1. Originally 1. Meets Current ATP Numerical 4
Requirements :
a) Optical Sight: 6' of Arc 5
b) Balance: 8' i

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

D. Distortion: D. Distortion:
£ TR,
% ). K 1, FZM-12-10952A, Section VII 1. Meets Current ATP Numerical
S Requirements; Does Not Meet
Pl 2, Changed to More Stringent and Easier Sec. 5.2 for Visual Distortion
. Interpreted ATP 501-2 Requirements
b ! 134 k
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ANl s AR, 5 i 200

{ TABLE XXIII - PERFORMANCE SUMMARY -- CANOPY ! 3
STATEMENT OF WORK ACTUAL
I. MOLD LINE DEVIATION I. MOLD LINE DEVIATION i
1 A. ©.20" 0/B A. 0.22" 0/B ;
k- B. 0.00" I/B B. 0.06" I/B
II. BIRD IMPACT (4 LB BIRD) II. BIRD IMPACT (4 LB BIRD)
; A. Requirement A.
® 1. 500 KT @ RT 1. OK @ 509 KT @ RT 4
2. 500 KT @ -30°F to +75°F 2. Failed @ -30°F O0/B & 513 KT A
3. 500 KT @ +200°F to +75°F 3. Not Tested 4
- B. Goal B. Goal ﬁ
1. Mach 1.2 1. OK @ 684 KT (Mach 1.04) 1
s ‘N JII. PRESSURE-TEMPERATURE IT1I. PRESSURE-TEMPERATURE
S
33 A. Four Life-Times per A. Best Chance - To Be Evaluated 4
Windshield S.0.W. at WPAFB ¢
E
IV. WEIGHT IV. WEIGHT
- k
', A. 30 Lbs A. 42 Lbs A
= {3
e V. OPTICS V. OPTICS 1
f:f:; A. Light Transmittance: 607% A. Light Transmittance: 76.7% Avg. 3 ;
- j
2%_@#2 B. Haze: 4.0% B. Haze: 2.2% Avg.
". ""‘:ﬁ |
ok C. Deviation: C. &§D. Deviation and Distcrtion
+ 'E;é
3 ,,,».-i
N 1. Originally - 4' of Arc 1. Meets Current ATP Numerical { 3
- Requirements: Does Not Meet 1
b v v ¥ 2. Changed to More Stringent and Easier Sec. 5.2 for Visual
. 1 Interpreted ATP 501-2 Requirements Distortion
L;fj, i D. Distortion
i 1. 1 in 20 Gridslope

2. Changed to More Stringent and Easier
Interpreted ATP 501-2 Requirements
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APPENDIX 1

’ Following are data sheets recorded for each of the bird impact tests
conducted during Task I and IT 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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SAMPLE CODE : 9030-48 . . , .
CQME‘T""{,UCA"Q\V& :. .!lS"MuL\C- Jzo '/‘u‘ .IZS m" . \?.b ‘/L. . |15 PC'
ne 120"L- 125" Pe

THICKNESS: 860 AREALDENSITY :53(1e/m* PANELWT.:225L8.

Eose SBCTION : _| -
077 Tt Y A ANANANINNN AN AN RN NN 88?7.
t SN\ g !
FRAME cUTsS /I:S\uv.eo—q

L) ©® 09
i
|

\
(VRONT) (ZEAR)

RESULTS ON 3 -26-T3 @ * °F AND 23 °INSTALLATION ANGLE

| 850 FPs
SHOT NO.: wr-| SPEED: 'v“gr?\'}ﬁﬁb‘. aﬁ . BIROWT. : 4.I7LB.

FinaL . 8S1.5 rPs
Remarks : Pl ( {s0) (504 kt) (46.9% Fr-18)
BiRD PENETRATED . TOP EIEE SHEARED RUOWNG TSSUE TO PASS
THRV | CW’O( IN LiNE Wty MOUNTING ERAME . Popve CORNERS, VE’(L-Y
SHARP § ACTURY CUT W (. EVEN DN SIDES |
Py IN CONTACT WM TRAME FAUED MWRMAL T SWRFACE AND
PROPRGATION  BECAME OBUAUE THRY OMER. PUCS | AS SHowN -

! - T
oSN\

SN
T
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SAMPLE CODE : 90%0-3A  (WrT-3)

T ION : 126 ACRYUC- 120 1fL- .128"PC (15.a/s) - 120" -
CONSTRUCTION - 128 sCRTUC=iao tlL2 .2

THICKNESS: 860 AREAL DENSITY : 536 1a./rr*  PANELWT.:22.5L8.
EDGE SECT‘ON . e P TITIS,

TS
370 NoM

SHEAL. )
) mmop:a 5o /SG. CONING
f
|

L (FRORT) 1 gt (REAR)

Resutrs ON3 -26-T3 @  °F AND 23 °INSTALLATION ANGLE

SHOT NO.: 2 SPeeD: mt::o EF"S BIROWT, : 400 &,

~ it FINAL. . 7S6.1 FPS
REMARKS : §%-/8 (447 Kt) (35,398 rr-(8)

Bieo pengrented . Tissus Turovsr (77 0o PoNGIED THeoUGH
IN LNE WITH FrAME Feave (RAMPERED % ROUNDED  \WITTH EMERY (LOTH
(NEEDS MORE) . FRAME DD nOT CuT Pc, BUT lomd AU TOP ROGE J
iPOSED &Y FrAYE St Bx(BssIve
Cirex. N OB PO OF PC | N UNE WITH FEAME . Enps (Betins? )
AT TOP EDGE RO WOl , SUGHT DELAM . (23 1) WHERE (Rick. STOPPED
AT GOWD FILM WIEZFACE . No OTWER. (O3S OF  ADHECION  ANYWWERE

Bl INCLADING  DENETEATION  AYER
0P (arp COVID BE YESTEAINING BlED, 18
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SAMPLE CoDe : 2030-4A ) ., ,
CONSTRUC'T‘ON . 125” ACLYL\C, - .lZO \/L - ‘\25 PC - \\ZOJ \/[_’
AP - 20\ L - (s Pe

THICKNESS: 860 ARZAL DENSITY : 530 18./rr* PANELWT.: 22518,

Eose SECTION : | | I
2-376 S N 8T
1 R
\'a FrAHe 3| KFmt SCRAVAES ON B P, ProOL TO TeST
TR AL LS XA KR |
e S *~5._ 1
“‘*1? ‘oef _ [
| 7 T | vevoing) ]
i ‘\W “ |
.’ I
| / S |
. | _
L L |
2 (FeONT) 24— cupre (REAR)

ResuLrs ON3 -27-73 @ °F AND 23°INSTALLATION ANGLE

INTENDED
SHOT NO.: WT-3  SPEED: prevn 1 e BIRDWT. : 4,00 LB

ACTUNL EINN_ 861.5 FPS |
REMARKS : (Fuxr) (siokt) (4o Fr8) -
B\ZD DID NOT PENETRATE . Tind RLTS SONE FROM CENTEL OF TOP EDGE |
SUGHT TOP BDGE FRAME ROTRYION . SU(:NL\{ LOWER. \MPRCY 9T,
PC DEFOLMED WHEIE T MOvED OVER FRAME IN CENTER-OF TOP EDGE |

RTHOUGH THEXE Wes NO FAILWREOF TUE PC. ANY WMERs IN THE PoneL
THE EXTENIED PoZTON OF THE TOv EDAGE  DEFORMED U¥e TWe Ferne |

FOTMS SHOTS |, GAMPS WEAE IN CoRiees OF HOUNTING FrAne | Sive
FEAVE €ALS \_\HED ~fib - TOF EDGE CORNER OF THE PRAME (W8S
BEVELED 5 OUNDED MORE THAN LAST SWOT .
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SAMPLE CODE : F030-6A
CONSTRUCTION © . I5'ANUC - 120”1 - Gas“pe

THICKNESS: .870” AREAL DENSITY : 54 Le./rr?  PANELWT.:22.5 LB,

Eose SECTION : | 0
an-3m|

Tos
Pes

(FLONT) (REAR)
Resutrs oN 3 -27-73 @ °F  AND 23 °INSTALLATION AMGLE

. INTENDED . 750 RS
SHOT NO.:wr-4 SP&EDSAqun_ . goo « BIRDWT, : 4,00 LB

» N g 1S.
REMARKS : §5 916" £8p eUBoakon epee  (483KH) (41948 Fris)

Bied PENETEATED. ENTiRE CenTEQ. PORTION HEA

PED £ BIEW T No pLEX
PEMOVED FroM FRONT . BC AND PLEY. (RACKS pARE NOT cimabsm', BEING

STOPPED BY 2 IN B0TH CAES . TOP EDGE SKERZING IN UNE WY FEAHE [N

CENTRAL (" SINE 3 INM UNE T FUSED VB SECTION Ve DEST OF
TOP eD&E . HosT ‘2ipeep’. SHEARING ON OTHER. 3 EDAES, N LINE WY
FERTE (4 LCSULTANT WM BENDING STecss )
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SAMPLE Cope : PN-38

CONSTRUCTION : 128" ARiuC- 120" IfL - ns PC - (154fsq FILK) -
ARNL- 128 P - ol L - S pe

 THICKNESS: 860 AREAL DENSITY :53[ wp./rr2  PANELWT.: 22 L8B.
GoLD FiLM N
Eosk SECTION

AN SRR

uariniis. T
. 3 @ INDENTATION Frofi PRAME BD4E
C O I XN BB I
A
133 IMPRINY PROTY STRING
B aoFF
M
|
| :
n | §

RESULTS ON % =28-T73 @~50 °F AND 23 °INSTALLATION ANELE

SHOT NO.:WI-6  SPEED: por 805,

b BlRDW'r 39 8
REMARKS : 3%0 (FLAT) (5a5kt (48,35, Pr-18)

8810 €be

RIZD DID NOT PENETEATE . GO Pl WELD WELL. WTH NO APPARENT
DELAMINATION | TOP FIAME AL SWOWS PERMANENT ZOTRTION TOWALD
\MPRCT DREFLECKION . WL, “qu . THEZE 1S ToRE BT Holx DEFORHATION
AWONG TP TOAE THAN |3 FOUR. ™ SHOTS AND  HOLE. LIKE PREVIOUS WORK,
ON SIMILAL PANELS . NEGUGIRIE TP Eph ROTATION 1N PANEL APTER.
TEST, NO PO CRAOONG ANYWRERE 1N PANEL | S TO 4A
(SHOT WT-3) . X-ERY(S Sdow 457 YW |
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SAMPLE CODE : 9030- 8A h
CONSTRUCTION : 110" Heecune® - .10 - 280" 20 JL-
207,

THICKNESS: 850" AREAL DENSITY : 5% ofert  PANELWT.: 26 LB.

EoGE SECTION : |
25930 S \\\\\K&\\X\\\\(j 819,847
1 1 |
I a ® —SHEAR—"
’u ’; -J-_I__'_:'L __q____A B0 o 6 a0 0O i_;\qxq\_‘o ()
e \ !
A \
Ty >
\\,‘ | ' "1% it
_“ﬁ/ﬁ —]
/.lﬁ "\v . —\
O e
VN A
2 (FeoNT) iniae NP (PEAR)

REsuLTS ON 3 ~26-73 @35-40°F AND 23 °INSTALLATION ANGLE

SHOT NO.: WL SPEED Focnr : gmpg » BIROWT. : 415 L8,
REMARKS : §= /] 31kt (453 rra)
_ BiRD OBNETRATED | oD EROGE SHSRRING, BOTR PUES OF PC concrep

Ch rEcpuaL VORILTY, BIZD TISOE (FERMSRs BXC.) STRK (N
WEARED sEcron (DFERNNG ~ B'ING)  (RAck. PRTTEINS IN TWO FC
PUES ME SIMULAL RUT NOT (oWCAdENT. GooD GLASS-IZ ADHESION |
WHE PC CRAKING  COINUDES WIW FRAME. EOGE . [T PROBABLY ORIGINATED

AONG TOP 3 PROTAGATED AIONG WGH STRESS DUE TO BENDING OVEL FRAMS,
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SAMPLE CODE : 030-3C i
CONSTRUCTION :

25" AcRMUC - oYL - .8 PC - 120" - 128 Pe
(1504, oD FILH)- 120" Vi - 128 FC.

THICKNESS: 860 AREALDENSITY : 53018 /kr2  PANELWT.: 2238 LB,

= .8;6-

Oalk SECTION : '
E 378,38l &]

- ,895

T e "o el FeNE
‘1__-_'—;0 Cbo;ﬂﬂ wr‘v\W’\\cibar;u;ik- Cﬂm

SO - ~ M
,r,=E;;:.;-1,ijf:*_:‘ e, ’ AREA
' IN | AL Rl
OO
() ‘ﬁ‘*¢ % 0 |
X S

P eapseum

o O 6g oon/‘ﬁ\

{
i"‘””»‘*l 0ACK IN CORED
oy

OO

e

yDELAH AT GoLb
FILK (NTEREACE

SHOT NO.: Wr-T 5peeuzm=_°%2§;?53mo WT. : 4.18 18
® . S 49 PT-LEs)
el REMARKS : §=- 1L . JU(53‘ NE. PENETRATIY
B~ Rizy PENETRATED WU UKE 3A (ot \r-z) . JUST R8O e N
UMT, TUE NEREED QVER. LU GF TOP BDGE WM CRRCK IN 270 pe 7
- S CONTRLURG, TOWAED SBES . THE ORROK. RESULTED N SUAKT DELAMINGTION
E " | ) ThE GO BILM (NTEMTACE. AS SHOWN, THERE WRY No OTHEL i03S OF
’ ADHESION TO THEGOLD FILM ANYWRERE ON THE ORANEL | CONS\DER ABLE
- DEALECTION (WM VESILUAL INDENTATION) OVEV. FRAME BEFULE EDGE
v Q FRLED BETWEEN Bowts oo AN I\ DSTANCE |

143

@  (FRONT) &7 —Uam (REAR)
Resuuts ON 3 -28-T73 @bds °F AND 23 °INSTALLATION ANELE

a i e et e e g e e




SAMPLE Cope : J00- 1A ' ~
CONSTRUCTION © i HeRaLiE I ~ 18- L28'Re - 128" - obo Acpiic

THICKNESS:1035 ARRAL DENSITY : T4 18./rr?  PANELWT.:DTELB,

EDGE SECTION : S 1.005 -
i —L‘ 0z
1 1027
1 2B -.370
Two
ﬁp‘ooL ;C::::“M i i
= Al
A ' BOOD 1 & LB a%
o SHERR.’ ot ALY
A Plex
s k2o aiR) -—__}].\l OFE(3
- - S PLAES)
A o
E% ’\ I AV v/ ,|" L '%IJI :
p . T L e e e—————— 4:-1'5’3'__{-—::

;"?;;' ( FRONT) GLASS (AIPS FUSED TO mﬂ (REAR) \ piEx Cofcks
RESULTS ON 3 -28-73 @K-6S°F AND 23 °INSTALLATION ANGLE

P - WY- . INTENDED : 30 TPS :
1 SHOT NO.: wr-8 SPeED EINAL ! 959.8 - BIRDWT, : 4.18 LB.

., v -T'LB

$ REMARKS : § </t ) (139742)

B Bid prnemaTy  (ENTOR SECTION BLEW o0 UKE BA ( SHot wr-4) . Tof
EDGE SHEABING (OINGDES WITH BOTH OFFSETS BETWEEN EDGE AND FACING .‘
SEGIONS AND FEAMT. MOST OTHET <SHCPING MINGDES, WITH BRAME PG {1
RAvED , O REibuaL ViipluTy ‘

g - \NBORRD  ACRILC CRASKED ot WG AT IMPACT P, AND Al |

E AKX S0P &7 (= WEFRCE . (00D ADHESION THROVeRolT ONOY 3 SHALL

PECES OF NEX (A TW) WERE BLOWN OFF THE INBOARD SURFACE

y . VERY SUGHT VELAM ARIOND PC CRRXKS

A % BIOD SYERR § PC FRACIULE PRITEIN INDICAES MAY WAVE YAWeD

r H

. ;




?.&".: da LA At

SAMPLE CobE : 9030-13A | “ . |

CONSTRUCTION : okdroriuc/ o9'pe- oL~ RS RC-, o'\ -
\ashe - L - st

THICKNESS: 921 AREAL DENSITY : 51418 e PANEL WT. 247508

EogE SECTICN : | FusED @l _;ZTG:

400 -403 958
i y
= i = |- T T
;' Jf h
r fil B \5 '||I|I ' F‘:___. N;mu({ o BA:‘K CLEAR.
_ \ S /_{@;F ) (RS
f ll _,f : ﬁ‘\
2 W = —
o - = h %
(owr) Uggimfanl
ResuLts ON3 -27-T73 @~6o °F  AND 23 °INSTALLATION ANGLE
\NTENDED : 860 FPS
SHOT NO.'-NT"? SPEED:PML‘.841.L « BIRDWT. : 400 LB.
(479 Rt) (44,371 FT-18)

REMARKS : 30 (FLAT)
Bid DID NOT PENETRATE NGt EVEN @ GosE , OUtkoagd FUSED

Ol /e Py (RROKED BUT NOT TEMOVED BWERT For. 7-3 INT A%
own . Qureotn P SROWS  CRACKS TRV - AUNLC S‘ PC  BUT STOPPING
KL . GO TESIDUAL VISWBWTY (BEST oF 9 wiFA) . NOPC
CopckiNG, N0 SIENFCANT TESIDUAL PANGL DEFORMATION .

OVERAL CONDITION RS EXPECTED) | BAED ON (N - WOUSE  \WORK.
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SAMPLE Cobe : F030-(|ZA

n o /]
CONSTRUCT!QN : ".“0 Rt.tngum]!:-'.m"\ll.- .D-5.'PC' |20 IIL‘ .lz-s"PC‘
A0 HfL- 28Pe e’ifu - us’ e Acuc

THICKNESS:1090 AREAL DENSITY : 748 18./m?  PANELWT.:20.5 LB,

Ebse SECTION :
5 * | l.?m-
375378 | LG
o =
_Sf; CRACK, (cfp Py N ) STR-.PLEX OFF ) CONTACT INDENTATION
r f{_:ﬁ_ﬂuf‘ﬁin:nuc o - :
{ Ty i _;:Jf}/r!
\ gl
e I/_w._._JI_,_ \
}\I -
X .er [ y 1
o i
( FRONT) (PEAR)

ResuLrs ON3 - -T73 @-45°F AND  23°|INSTALLATION ANGLE

SHOT NO.: WI-0  SpeED: ettt BOMS g oo wr. : 40 18 :
‘%3.9 . {1 4

> " FwAL; 862.5" (SIIH') (4‘1‘35 FF‘LB) 1

REMARKS : {*/2" Sampe sumiecres T 3 Aumciave ocraes . {4
Tiep DID NOT PENETEATE BUT STRETCHED ACRILC SPALL WAS BlECen

FROM TRC: INBORED GRFACE | 800 0F S/A WAS TEMOED, PUMALLY N
LONG SPUNES « JPAU- PECES SHOW TYPLAL TAZOR - EDGE \AMINAL FAILUeE

INBOALD PO SHOWS INDENTATISN  AND OUTEORRD PC. ( AcTuRLLY HDPLE PLY )
CENXED (10'W0NG) WHERE BENT OVER. FRAME | Tuepe s A
CMAW. DELAMINATION 0T WHERE THE PO CLK. STOTYED BT THE W2
oeepce . O° TESIDUAL VSIRILITY | i}
SPALL SFEEDS (ABDC) « 200 RS RIL 151 ™Y 6L PALL
1S PO 184" (03"
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SEMPLE CODE : N30-JA

CONSTRUCTION © ;110" HeroourPI - 0oL - \E"PC - 128"y~ 125" R~
At 287PC = 120 1L~ (26" AS-CAST AckYUC .

THICKNESS:1025 AREAL DENSITY : 708 18./rr?  PANELWT.:22.5 LB,

EDGE SECTION : | @ Ti T
34 -379 SANNRNANNNANNRNNNANNNN j.o4.|
! ‘ l
u’"am CRACKS | )
W :
\ '\\.I
v
/ il
7"‘.“.'(/;’77? W =
2 S N 30
(FRONT)  INTERMITTENT caAm@T (REAR) \. g;t‘soe OF ACRILIC

RESULTS ON 3 -=29-73 @645 °F  AND 23 °INSTALLATION ANGLE

SHOT NO.: wr-i SPEED=m£$: > BIRDWT, : 412 L8
PN 18481 1
REMARKS : § =9’ . (s (48,189 Fr-L8)
BIWD DIp NOT PENETRATE: . O TESIDUAL. VISIBILTY . CORNER. CRACK. IN

7*0¢ Py (0fe W Epeg) . (18K BETWEEN Bo WOLES ON TOP EDGE Ve
POl WIDTH of 3 g Py ( (BN EDAE) § JVERAL. (Rhcks RLso ON SINES
BETWEEN BOX WES . INBORLD cppeks DUE TO (RARNG WMICW EE4uTED
PO (vPeoree. BOGE SPNER. DUtG FABRICATION , THESE PROBABR OCNED
aN  EHOLWY

MG CHKED BT )% OF AS-CAST MATERIAL REMAINED ADHERED
W ONK{ ONE  SHAWL PIECE OFF NEAR MPAGT DT .

\MPACT ClosETo BoTTOM EDEE |
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SAMPLE CODE : 230°2A

CONSTRUCTION : T8O PC CONTED B SIDES W 0TGSO,

THICKNESS: 750" AREALDENSITY : 4B1e./rr* PANELWT.: 02518,

EoGeE SECTION : | !
A
(CONTING RINOFE (CRRZED) T

Ny

(FRONT) (REAR)
RESULTS ON3 -29-T3 @ ~(5°F AND 23 °INSTALLATION ANGLE

SHOT NO.: WT-1L SPeeD ;;;f;,’g ":{?g SBirowT, : 41516

Lt FINAL @ 835.7"
REMARKS : 8* - jiL (49;1 k) (44,35 Er-L8)

BiED PENETLATED . ORMILE SHATTERED INTO NUMBIOUS SHALL PIECES
HOST SMAWEL Tutw L b7, TRILUEE ON TOF EDCE EBUALY DIVIDET BEMWEEN
INBOMD SECXIONS . HoST ATHEL. BDGE FALURE.  CONNECTS DISCONTINOITY
((CORNER") FORMED RY OURORRD AND INGOALD SECTIONS, Doerion REMRINING
IN FRAME 1N ONE DIECE - (00D FULION -
FALDLE QEMINICENT OF RoplLG- (LAD 3/A" PC VINDSHELD TESTED 127 |
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SAMPLE CODE : 9030~ 10A

CONSTRUCTION - IISHERGAUNE TL (150 fea Pirt) - , 120 ) - nS'se- 1B,
SR~ 0"YL- eg"Pe - 8 VL= (060" AL- LAY AcYUC,

THICKNESS:1025 AREAL DENSITY : 708 1./er?  PANELWT.:2)aSL8.
EOGE SECTION : 4‘5“1&}‘"-” f

1.0Z5 NoHt.

PC CRAGK (iDL PL‘{ ) avw N E06E-),

N nu t-na-u 2

\,< /\\ AchyLIC

TARCKS

(FRONT) (REAR)
RESULTS ON 3 -29-T73 @~L5 °F AND 3 °INSTALLATION ANGLE

INTEWDE® © 850

SHOT NO.: WT-\3 SPEED:meum. mu BIROWT, : 41318,
P 18201 Lagkt) (43,740 FTLE)

REMARKS : §3 " OGAsoNAL DIFFICULTY I DRILING  ( ofB BLy)

BIED DID NOT PENETRATE:, KDHESION TO GOWD (ONED AlAse COMPNARLE
T0 UNCONED PANELS . (RRK. IN HIDDLE PIY N UNE WA DEFORMATION 6VER
FINME ALDNG T0P EDGE | (PICK MAY CORROBOIATE EMBRITIEMENT iNO(CATED BY
HALD DRILUNG.

TWPCAL AGYLIC cRACK. PATIERN , NO ORBSSRVARLE ARYLIC SR g, OVERALL
PELFOLMANCE: SIMILRL. TO 9A (SHOT \m—\\)
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3 SAMPLE CODE : 90%0- (A

] ] " >

1 CONSTRUCTION - 125" Ackyuc - 0% YL - 50 AL

J THICKNESS: #%5 AREALDENSITY : £01 1o/rr?  PANELWT. 252508,
EbsE SECTION : B =

L 267-

370-374 . 98|

f 1

-

J PLEX x
;'g; CW( ~. B

% ’ CRACKS
REsuLTs ON 3 =29-73 @W45°F AND 23 CINSTALLATION ANGLE
g, ‘“ . NIE’JDED 5 8&

SHOT NO.:wr-i4  SPEED 2 " ' B3 Bieowr, : 39) 8.

s - . ARUAL . 84T.7"

o ¥ RemMARKs : {231l (502 ki) (43,607 r-L8) .
) - BIRD PENETRAED . ENIPE (Enmep. oF PWEL RUsiD oor, Tor ceNTTR
,fq SENUNG N UNE WITH OFFSET INBORRD AND QUTBOARD - Seextons, THick. P

*i PN SeVeteLy SWRTRRED . GOOY FUSION . DC o KR(UC CLACKS ORIGONNE
g - AT TV EbGE (N No DMAGE /T IMPRCT POINT - ONUSURL | PLOB%L\(
WE T Calvry oF 3/4 bc PLy

' N oBsepvieLs Coicer PEOPAGATION THeL , PO - N 2EMAINING PORTION

¢
‘g 150




4 SAMPLE Cope : F030-KA
CONSTRUCTION : 060 AcuC /. 3P - 120"\ - 4987pC

THICKNESS: 901" AREAL DENSITY : B9 1a./rr  PANELWT.: 25 LB,

EDGE SECTION : i ——‘% -
ey

965
o, 1 e T | A4
. Py OALY. ~ £ caviene
I
,‘\ S— §f—
. \_ _-_""'\._________../
§ -_—-_-\""‘-'~_._..r‘ A
o __\\_‘——_‘
2 (FeonT) (REAR)
REsuLts ON3 =29-T3 @ = °F AND 23 °INSTALLATION ANGLE
B INTENDED : T80 FPS
- SHOT NO.: WT-15 SPEED:ppeuin. 8079 * BIRDWT, : 397 LB.
e } FNaL 1 8194°
REMARKS : {= 38 (48K (4372 FT-18)
w""‘:.:'li =
*J Bikd PENETRATED. ENTIRE CENTEE SEcTonN BhewsnN SOT.
R - - SWERRING ©ON ToP EDGE APPROX. 7S % CoINCIDENT WAk Back
T FuseD SEcTIoN. Fusion VERY GoeDd. No APPARELT DE-LAM.
CrMuNG ©N BAck SIDE d>avERE Bur No PIBCES BlewN Looss,
U % ' 151
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&
a3
: 1 ﬁ:
- o -
v g
Y. Bl
1) LN
gt
v, ¥
E
il
ot
{
i _,,‘;'
b N
#
L4
4
3
i |
=
2y
]

3 k- Ly
=, &
i 0 L AR, 3 =, b8 5. S RN b2 ok e i i S e B

SAMPLE Cope : 90%0-58
CONSTRUCTION : 125 Actyue- 120 . - {25 Pe

THICKNESS : 870 AREAL DENSITY : S#io /2 PANELWT.: 23 LB,

EoGE SECTION :
z %TB o
.'573‘379 i 87o
]

"--.\_ﬁ____

(FRONT) (REAR)
Rasuctes ONS =-20-T73 @ ? °F AND 23 °INSTALLATION ANGLE

: u ;
SHOT No.: Wr-ib  SpeeD: pm? ;’gfﬁ‘" HIROWT, : 418 LB,

FINRL : 774.5"
: §a 5L
RemMARKS : § 5/L @9kt ) (38,916 FF8)
Biap PEORTRATED. ENTIAR cENTEL SECTION Biown o7
Tep BD4R SHEAREO OOT WINCUDRAT wirk BAck CusEd Puy.

Geoad EosioN. No PiEcas Blowa toesa FRom FuosED FAceEs.

4
/
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SAMPLE CODE : 9030-1A
CONSTRUCTION : 150 PC

THICKNESS: 750" AREAL DENSITY : 4(8 18./rr2  PANELWT.:205 LB, .
EOGE SECTION :

. 25
378~ 388 . E 1551'
4

PRESSING SPACEL. o
(" FUED_AND [OUED

(FLONT) (PEAR)

REsuLTS ON3 -30-T73 @ G4 °F AND 23 °INSTALLATION ANGLE
SHOT NO.: WF-IT SPEEDiacrun. . oo+ BIRDWT, : 418 LB

PINAL " (NOX-@AYS)
REMARKS : {20 (puAT) (456 1?:3) (38,46 FT-i8)

Wit PENETRATED. SAmbLE CENTER SEcnon BLoww
8OT 1uTe APItox. 20 VAR ING SIRE Pimees. Rprox. 75% of
INEARING Along FUsED Baw P EbeE. @eer Fus/on.
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SAMPLE CODE : 9030-7A

CONSTRUCTION  .12S AceyLic - 1), - .188”PC - .0%" | - 188"pc -
.I‘w"l,l.- olZS'PC-

THICKNESS : 256 AREAL DENSITY :59( to./rr* PANELWT.:B75L8,
EosE SECTION : | ?%';

NN VRN AL AR N ’ Cpm

NN J

(FLONT) (REAR)
REsuLTs ON 3 -30-73 @ L4°F Anp 23 °INSTALLATION ANGLE

SHOT NO.: W18 SPEED pperys - gmr s » BIRDWT, : 4.00 LB,

FINAL. - 854.7"
REMARKS : §¥0 (5L k) (45,353 Fr-1B)
B\m Bovmcep . Ne PoLY CARBOMATE CRALKILUGE oN BAck
Put. No SHERNING ok ©RACKING ON ToP Edcg. Vs
PerFoLmANCE oF AL PanBLs SHeT 227 fomox. 30% oF
OLT BOALD &1 BrowN OFF. Gowd ADNEL/o 0 ELSEWHERE
Resivoac VISIBILITY EX CameasT:
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SAMPLE Cobe : 9030-17A

CONSTRUCTION : \zsAs CAST ACRNUC - o% itz - .125 P - 0% I~
188"PC - .060" 112 - .1887PC

THICKNESS: 866" AREAL DensiTY :5301./rr*  PANELWT.: 24 LB.
850 /Mn-

EDGE SECTION? ‘1 @ Sorr Awminuy RETANER

f A\ @ 0%0'x2.26° NOMEX MseRY (TAPERED)

217 _'l@ 020 1.75’ NonEX ITRAP moeow/wo .Or% KTV 630

O—= ' - @ .020%200° -+
1 1 e
® | " ® Ao By
\'!lDDl-E M re de

0 BPCf NDNE"(

\ ]
l i
(FRONT) (EEAR)
REsuLTS ONS =T =73 @ G0°F AND 23°INSTALLATION ANGLE
SHOT NO.:WT-19 SPEED sy 981 » BIRDWT. : 4.1 18
(0 FoalL: 9ol * KEB. . 61,693 FFrLBs
REMARKS : " BRKT.

Bien PENETRATED. ToP EbgE SHEAL“D 18° . RETANES. PEEAED
Bhok § RENMWD oves. 870N ToP EDGE. '/e PC POy SWEARED I
LUNE WM BAT WAES AROUND PEN . Coneswe FANLRE of
INSERT IN PENETRATON ARER  3ib Ve vq FALED GENERAWY IN
\NE WM FrAnG @ ToP . FmrmiG tC O, SIvE pe cnc.&smuns
WM STRARS | NOT \NSTRT O TLKTING PO .

NomtX - (30-PC ADWESION BETIER TWAN \NTERLAYN mM- \N
PENETZATION QREA.

Mo CRACKS VISIBLE. THED +090 § 1060” INTEsLAYeRS |
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SaMPLE Cobe : 9030-I9A o
j CONSTRUCTION : 110" UERGULTE T~ 120 112 - .12S"RC. - o9 lIZ - 18R
3 O NL~ 040" AS-CAST ActiLic
3 "
THICKNESS: 183 AREALDENSITY :55718./rr2  PANELWT.:24.00L8.
EDGB SECT|°N . @ SorT ALniNuY RETAVNER
® ﬁﬁ @ 0% 'x2.28° NoMEx iMsesT (TArERSEO)
® ' = =X @.ozo.u.']s’.uomm SONDED W/ ~0l0-.01% KTV (10
rgd @ -oz0x200 - - - .
. mg“ ‘;h :“ é ® Aw.:n.n;n ausmuse
4 :'1111“11‘11'}' el ;
g: ‘ | : -
E | 2 &y
¥ ]
4 J p
] o e
o o0
% 00
3 | . " ‘
E ™ y
‘ 1 s 1
2 e j
(FLONT) (REAR)
£ ResuLts ONS =7 -73 @ 63°F AND  23°INSTALLATION ANGLE ﬁi
3 SHOT NO.:WT-20 SPEED: NTENIED NS BIRDW, : 18acGms (4 ¥)
Lt (NO-‘L) 2 "’ K.E. . 41,11“ Fr-28S
. Fuim 8
b J R%MARKS : " Bis KT
NEOLTWO G& OF TISSUE THRL RoT )
=S WHICA AUOWED EDGE T DEFLEAT bnwﬂt\?\fl?mm%lg:g: é“"LT FALRE
& .,3-; ' 0
FROM TOR EDGE . (ENTERL 14" oF 3) Pe be s LS
AN INWAZD  ONK PHANENTYY DEFROLNED
R T ONB T BILC WOUES KT END 08 DEFORMITION (RPCKED  ALL OTHE
0. f8'PC INROT BUT DEFOLNED I\ CENTEL OF ToP R i s
" PLER  OLIGKED BUT NO SPAL &7 AL . = N CRAcks
k. ENDIE PANEL BULGED Tauored IR FACE .
g Sé’gzgfc‘ﬁ@“ﬁ% W TP EOGE NOHEY BUT NONE INT0 DC .
& o UTS SEPARATED B 13" RUNG TP DUE T INTERLA
g QPUTTING, OF  \Nsers 156 © © LSS
1 : 2
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SAMPLE Cope : 9030 BA

CONSTRUCTION : .125 AS-CAST AYUC-.090 Iz - 126'PC.~ 0o 112+
1887PC - 060" 112 - .\88 PC,

THICKNESS: 866" AREAL DENSITY : 53818/rrt  PANELWT.: 244.B.

B4 -

EDGE SECTlON : .88z" @ SOPT AriNuUN RETANEER.
4 +465-,484 C? W, @ .0%0'x 225" NoMEX iMsesT (TATERED)
L é . - . ® 0201 175" NOWEY ITRAP BONOED W/ ~0-.073 KTV 630
—J @ .020%200 - - -

D¢ SHER.
iN UNE
Wy Fedkng
.‘ bLy
(RICKS
- IN HID.
= RIS
L

(FLONT) (REAR)

g REsuLTs ONS =7 =73 @ GB°F AND 23°INSTALLATION ANGLE
* 1 SHOT NO.:WT-2) SPEED:RiIEY ZDE BIRDWT. :i8saqm.
B (o2 fum. B0 KE. | 48,241 Fr-ves
a8 REMARKS : v BILKT

o RIRD PENETRRED . AS Witk TTA (WT-19) . cEnmeny (R

2 - I8 POKTIN

- SHEARED . IN THIS CASE, THE RETAWER. WAS Nt REMOVED BOT oNOS ?P E? SE
‘ *.z{; BRCK TN THE \HPAET ARER . AS SUCK (U ACXED UKE A FUNNEL BWE‘-’JE‘E\—:RE

| j; & \‘\\{D%S\'RY\C PLESSURE DOWN |1T) THE EDEE  AND PARRALLE

] VOSHNG THE SHEMED T84 3| i
£ Ou\\ B SNERED 1874 3l PC EDGE. PUBS 0T MLONG THE Frane
K O IN AU 3 TUBS 0F @B PC RUT N0 PROPAGATION TRROUGH 1z
. \UTIE GBSEIUNSLE DRFERENCE  RETWEEN EFFECT oF EOLE

k- FEINPORCEMENT WERE aND \N M-N.

i

SR e e B L et
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SAMPLE Cope : 9030-17P ,, . .
CONSTRUCTION : 128 AS=CAST ARYUC~ .OXY {2 - 128 PC.- 00 (f2-
887RC, - 060"\t~ .1887PC

THICKNESS: 856 AREAL DENSITY :538Ls. /i PANEL\WT.:229L8.
Eﬁét‘; SECTICN ( 303 - '8801 @ OFT AUMINUY RETAINER

477 AR =g |\ @ 0%0'x2:28" Nouex msestr (TAreR=o)
@—*5=§#=15:—— M— 1 ® .ozo’.n |.15'.Nonty. ITRAP BONDED W/ ~B0-.018 KTV 630
@ . -1“-. | ] _ : @ .020% 200 0 > - ) . = » =
Tof ReTamen —| | *@T i — © AUMNUHBUSHINS - urAZ IN HDDUS 3fi.
REMED BEFORE . y a— pC.
SWor e - = ] S S
! | mA're \ .
> st “s—f"’ _ ”
. i}
N t[B
3 PC
/ I
LI
§ - )
7 -
( FEONT) (LEAR)
REsULTS ONB =T =73 @ TO°F AND Z3°INSTALLATION ANGLE

SHOT NO.: WI-2Z SPEEDperme < o, e BIRDWT, : 1915qm (4.0 )

(%0.4) fan 881 WS KE. | 48,04Z Fr-Les
REMARKS : noy B2 y(cr
BED TISSUE THRV BT Howes AND 4 Skeag |

NING OF 7\ BT GANE ON oY EDGE WrreuT
S . ETANER ‘

OF EDEE PUES | BUT, WM BATS GINE | MIDDLE pe, Py wksogé“h?rﬂm%

SEVCRLY OVER BRAME  WITH 47 CRNX N UNE ()

T FLORT 1\ ,
INHT GENERALY WELD . FIORTING T CLAkED s Stoumt

Bo rRUNG & O op. 7 THRERD N UNE B eoToM op

PANEL . T © RPPALENT THIT TWS SAOT AND WR-70 WeRe TESTING
BAUS THE THMN OANELS NOWE

N HID 3P pry .
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SaMPLE Cope : 90%0-20A

CONSTRUCTION : .11 HERCOLITESE - .\29"\\7. - NS R - 0% 1L -
B~ 00 I - 060 ASCAST AcRLC

THICKNESS : .T83" AREAL DENSITY :557 /i PANELWT.:24.1 LB,
EDGE SECTlON . ._HO i .8001 @ SOFT AU, RETAIMER.

A8 - 484 @ .0%0'x 225" NoMEX. INseRT (Tarerao)

BB () -020% 1,78’ NOMEX ITRAP SONDED W/ ~03-.07% ATV ¢35
@ .020x200" - SRR
® AWHINUN BUSHING

L o @ & B B o &

(FRONT) (PEAR)
REsuLTs ONS -7 =73 @ 6B °F AND 23°INSTALLATION ANGLE

SHOT No.:WI-23 SPeeDATN=® U0 1% BiRowr, ¢ 1005 (398 £)

FunL 854 ¥ KE. . 44,886 FT-185
REMAIS) “ ;%05 KT

BiEd PO NIT peneTrAE L N s prnAGE TO PANEL . No
PC QRCKS | TiX BOTS TEMOVED ALDNG, WP EDGE RUT NG TistyE
Thity K;LES. ours FALED, &S BREFME KT SWANK. “THREAD TRANSITION
59 Ia OF RCLLAC OFF INBOALD AS SPALL . PassieLs TWRT Ak u |
PIEPAIUSTION  NOY Compiete (Mo CEWENY) he

VEIMANENT BULE OF ~ 5" TOWRED INRosen | L
. o . Like
EXCEPT VO DRECTION . ™
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SAMPLE Cope : 9030- 18B . ” ’

CONSTRUCTION © 125 AS-CAST Aryue - AU - 125 Pc - O[T~
A887PC - 060 |12~ ,182°PC

THICKNESS: 866 AREAL DENSITY : 53810 /rrt  PANELWT.: 24308,

EDGE SECTlON . 863 -‘878’1 @ SOFT AumiNUY RETAINEE.
470 - 481 — 1 ; P! @ .0%0'x2:25° NOMEX IMseRT (TAPERED)

3 = s
(® 020% 1.75 NortEX ITRAP 8oNDED W/ ~010-.013 RTV 30

ETAINEL. —— @ 0201200 -
— ® Awrinut BuUSHING
?;)EE?%V“:‘ED . StAcc N e
3Rt NP G ! o fe
TR
- "'*:**m‘:‘:*:’:'}'}
TR RBES
(S ;&i.&“‘g‘:;e;
l CRRCKS
IN HiD
e're.

(FRONT) (PEAR)

REsuLTs ON5 =B ~73 @ TO°F AND 23°INSTALLATION ANELE

SHOT NO.:WT-24 SPEED:heim . ga0 - BIRDWT, :(835qm+ 40518

NO.& LU 84‘!3‘& KE. | 45,213 ¥ries
REMARKS : MEDC RIS (SRE Grenk ?S ON Tat EDOR ?5‘ TETAWNEL EMAVED |
BIED PENETRATED . ENNTE v Epee SHEARED . CENTRAL (MPACT

POFMON OF OV EDAR AN $ommone of TOP W =
NF OF SIvES
UNE WITH FRAME: . FALLRE WORSE ThAN R I

BA (Wr-n) WHICH
HRD A TETRAINEBR. 0N TOT EDGE | D
ONY |\ (ENTRAL 20T TEMQAED N TR EDee .
STLRPS TN ON, EDGE
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SAMPLE CODE : 90'69-2\5 . - ~
ONSTRUCTION : 085 HERCOUWE K- 0% W2 - 118 PG - 090 ML -
ons 198'e - . \22' 012 - 085" NercoLire O

THICKNESS: 191" AREAL DENSITY :59518./rr*  PANELWT.:26.5LB.
EDGE SECT(ON . 10-793 @ SOFT AWmINUN RETANER.

537- AR | ® .oso:xz.zs' NOMEX INSERT (TAPERED) o
() 0202 1.75" NomEX STRAP SONDED W/~00-.013 KTV (30
] @ .020x200 - .

== =—— 2 - R
@'< L .@ ALUMINUT BUSHING
~<TOP EDGE |* * ° tﬂéb

RETAINER
OFF BRPORE:
ot

* MAX

hnmq

(FEONT) (EEAR)
REsuLTS ONS -8 =73 @ T3°F AND Z23°INSTALLATION ANGLE

SHOT NO.'WT-25 SPEED: =0 50T BIRDWT. : 1880qm; 415 L8.
(Ne-T) , fun: B8 ks KE, | 43,0658 Fr-Les
REMARKS : PGS 3 HNDENED BAGES RO MOUND + | RS Wity W (9 To 23)
BIED DIL NOT TErETERE . WO TC O EDGE RITRCHMENT DAMAGE
OPNL FROM BOM FeES , SPALL FRon WERARD STuck. IN - Fon wme.ss
PAES PWeD VERICAUY  BEWIND TR ED6E OF PANEL AND
LZONTALLY 41" ARy BEOW (ENTEZ. 0F PANEL

APPRAXIMATE. " FES\WDUAL RULGE TRWARD INBIRED .
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SAMPLE Cope : 9030-208 , " "
CONSTRUCTION : 110" Hepeoure I - 120 W2 - ,[2S T - 0% Nz~
188’ 0c - .09 1L - ,000 AS-CAST AYLIC

THICKNESS: 783" AREAL DENSITY :5.5718./rr?  PANELWT.:243L8.
8% - .87

EDGE SECT|ON . @ SOFT Auminun RETAINEE.

@ .0%'x2:28" NoMex msexr (TArEREO)

(3) .020% 1.75" NOMEX JTRAP SONDED W/ ~00-.015 KTV 430
| @ 020200 -« . .

(® AwniNuM BUSHING

| g S—
N P T R IMPRESR [\ [ P ) r
o . — R K”fﬁ‘r Feov b l boie: B 2O
s =70l | el [l L= )/
B i X Femc TN o T SUGH
AR TRk NECKWA
W o Ao ~2 OF Wz
i~ ] ¥y LR 1 - ! i |
S W | SS P NAMY T DEWA
A :':ﬂ""‘. Lr:@ ' -‘i_h“:ﬁ )’.ﬂ.-'a"--;1 :a"‘ij l ﬂTﬂf‘x
s gpé,ﬁ P S X "/ \
R Wit 1 | f p )y
=== 2 )
(FLONT) (PEAR)

RESULTS ONB -8 =73 @ 77°F AND 23°INSTALLATION ANGLE

SHOT NO.:WT-2@ SPEED: WD §§§ TS BIRDWT. :18129m ;4018 .
NO.8 fum Bz v KE. | 45,959 prags

REMARKS : . Blo XT.
BIRD Dim NOT PENETTATE . NO EDGE DAANSE EXCEFT (RACKS IN OUTRIND
NOHEX DUE T MRAr STRESS FROM BENDING OVER FRANE | 3" INTERLAM INREL

TPRATHN OF O[B- FAUNG STRAP ON VB C PLY VISIBLE AT
3 | ( Y RT CENTER. OF

NO e sprus . V- VA7 RESDUM BUGE L IN MRYIMUNM BUGE
ALER PLEX Qrnrers ORNED WGMrLY AND THERE AMEARS TO BE
DVE TLONGATON OF \1Z ONOER. PLEX (RACKS W ACCOMPANY WG

MINOE. DELAMINATION RS SNOWN —» 7Y 27777 Reeyuc
Az
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SaMPLE Cope : 9030-19B . . .
CONSTRUCTION : 110" HERCOLIE T~ 120 W12~ 125 fc - I 1z -
188" PC - 070112 060 AS-CAST AcUC

THICKNESS: ;783" AREAL DENSITY :557 o.frrt  PANELWT.:24.1L8.

EDGE SECTION : 198-8l
» @ 0%0'x 2.25° NoMER INSERT (TAPERSD)

46- 419 | = »
O = — \ ® .020'% 1.75’ NOMEX STRAP SONDED W/ ~00- .03 KTV ¢3C
{!H%{h:——iﬂ—' — ¥ >
@ .ozoiz.w " - - - - - - »

@ Ll
I =.=$ ©® ALUMINUN BUSHING

@ 9PT ArINUY RETAINER.

PR ™ - a '[0_"'& ﬂ G vow
R TG Tl e Wk
L ' . L
e 17 |
LS
[5— L
A
v .
—
Q i "‘ ) Jr
&) L T ONE :
; l‘hl‘—g-_rh‘:-r'l -"4" d
\"'-.,‘::-"'"::_ S oy "~
o T
L3 5 _
L]
- —
( FRONT) (ZEAR)

ResuLrs ONS =B =73 @ T8 °F AND 23 °INSTALLATICN ANGLE

SHOT NO.:WT-2] SPEED iP5 251" BIROWT. :(875qm;d1318,
(NR9) SOV « Pt 853 Fs KE, | 4¢,629 Fruss

REMARKS : AEDC STCK 4 -20 BoTs AL Agounp

B\rd Dw NOT PENETRATE . S BTS OFF Top EDGE . NO DAIRGE
T EDGE ANYWHERE EXCEPT NOMEX CRACKS AT BOT RoleS AS
HOWN . N0 Pe (picrs oF DAMASE .

PLEX (RACKED AS USUAL | BUT NO SPALL WHATSOEVER. .
APPROXIMATE \" CESIDURL BULAE WITH SUGHT iz NECKINg 4
VERY TINOE. DELAM AT GIRAKS 1N MAUHMUM SUGLE AREA .

PRACTICRLY IDENT\CALTO 20-B (WI-K) .
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SAMPLE CopE : 9030-17C

CONSTRUCTION : .IZ5'AS-CAST AU - 0% liz.- is R - . opo iz -
887G - .060"1IZ - 188" R

THICKNESS: 860 AREALDENSITY :53818./m? PANELWT.:243Le.

EosE SECTIO Bol 2 SO O i e
432- 45— | \ ~ 1\ @ .0%0'x2.25" NOMEX. INSRRT (TAPERED)
4 . 1 A hd ~
@ = 1 ®) .020'% .75 Nowex ITRA® 30mMDED W/ ~80- 013 RTY ¢30
l@’ - r'Iil { . - - -
A — ® 0204200 - .
%o\’f Pk @ % ® Awninut BusHinG

7) N \
/ {
|
i% L J [

( FRONT)
ResuLrs ON5 -8-73 @ T8°F AND

SHOT NO.: WT-28 SPEED:r®® 287 Birowr, :1830qm: 40418
(N6.10) 4 KT pinct BLI WS KE, : 42,150 Prugg
REMARKS : AEDC 80ITS (PT) LSED ,

B\eo eeneteaten Tob EDGE SHEARED , Two BOS oFf , Filuee
HKE 138 (Wr-24), Exvenced Y84 3’ f saenpep IN UNE ity
FRAME . ToRmNg iU PC NOT DAMAGED . Bamy 8’8 MID 3" Pues

UARACKED AONG SIDES. SIME CRACRS APPEAL. To START AT BT

HIZS. SIWE ENGE ATTACHMENT cpacks GENERALY IN LINE
WIW FRAME. , |

(ZEAR)
23°INSTALLATION ANGLE
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SAMPLE CODE : 9030-2IA - . *
- 0% W2- .125Pc- 0P~

CONSTRUCTION : 085 HERCOUTE " 3
18R"PC. - 120" WL~ 086 HERLTE "I

| THICKNESS: 791" AREALDENSITY :52518./rr  PANELWT.:265L8.

EDGE 5ECT‘°N . @ SorT AUMINUY, RETAINER :
@ .0%'x 225" NoMEX usexT (TArERED) i

' R ] () -020% 175" NOWEX. STRA® BONDED W/ ~00-.013 KTV 630

e @ ALUMINUY BUSHING ]
NOMEX CRAMED |
4 < ]

¥

E (FLONT) (KEAR)

E RESULTS ONB -8 -73 @ T8 °F AND 23°INSTALLATION ANGLE

- INTENDED : 3B F0S

SHOT NO.:WT-29 SPEED:peun + gl #?s BIRDWT. :18l4.qm;

g (no.W) W1 K = s ssé.g"s KE. . 46,4'13 ek?f.?,m

REMARKS : NLIFT AEDC BOLTS 5 v — 3¢ be— ! g
g T |

£ BWD UID NOT PENETRATE , POATION ij“;'c*‘ I

> - OF TOP EDGC RETRINER. REHOVED —— 4,

B¢ LEAING HODIFED (" PETANSR, Smwn L LTS

o N0 LETAWER- PEELING AND ONDY SUAWT SEPARRTION EROH RTV IN

§ 7 PUMES. & TS OFF ALONG TOP ENGE (SUEARED @ 1™ TREAD)

B <PALL . INBOARD SPALL. PERFOLATED FOlL OVER FORM PUKED VERTICALY

2EWND PRNEL 4 WHRanTAWY  Bewow (40" PANEL . PATICLES STuek IN

B comwpb . LeeEst PAnclE : 00’ 188% 50
g | . M STRAD CLASMED ALONG ToP EDGE 1N UNE WM FRNE,
¥ ' STRAP, P WDENTED BY FRANE BUT NoMeX (MAas NOT \NTD
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SAMPLE Cobe : 900 - [bA

CONSTRUCTION : 125 As Cast Aceylic -.120 12 - 128" P - 120" 112
(128" P~ 120" Hu = 128" PR~ 120" 112 - . |25 " Pe.

THICKNES S: 105" ARRAL DENSITY : ¢.8w8/m?  PANELWT.:285 L.

EDsE SECTION : N T

310 l.105

w

PP FROM BENDING WER PRANS
L—”\;F |
[
,ATﬂ
__’ |

(FRONT) (REAR)
RESULTS ONS =9 -T3 @ 6l °F AND 23°INSTALLATION ANELE

SHOT NO.:WrI-30 SPEED:PEEUH.E‘;’EQ -

BIRD : .
Py ROWT, :18 40018

Fiues. ! ﬁ r  KE! 44920 Frlig
REMARKS : INBD.PC 0T wiry Gy DC.CHAPN TO Sinuume
GUNSIGHT IMPRNT. NEDC,
Bed 0L Nor e

ADDWONAL. CRACKING OF INBOARD Pc Py DID Occwr. Dup NG

WIPKCT AS SROWN IN SKETCH . CRACKS WHICH DEVELOPED D\n Svop
AT 2 SURFNCE Wrth VELY SUGHT LPCAL. DEWAM.
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SAMPLE CODE : 9030-1SA

CONSTRUCTION : -12%3" As CAST ACRYHC - 20" 12 - .125"Pe - . 120" 12
128"Pe - 120" 112~ 128" PC-.120"112- 128" STRETCHED i
AcRNLIC .

THICKNESS: 1105 AREAL DENSITY : .07 o/r PANELWT.:27.8L8.

e
SONANINANNN

TN AR o

(FEONT) (REAR)
REsuLrs ONB =9 =73 @ G65°F AND 23 °INSTALLATION ANGLE

SHOT NO.: WSl SPEED im0 ° BIROWT, : (874 ;3948

{No.13) M-_mm‘mﬂ».&ﬁi 48,212 |IL35 )

REMARKS : AEDC ToPr BUTS TOP EVGE .

BIRD 0w nor PENETRAE . NO SWEARNG OR. STRUSTURAL PAMRGE.
ONSIDERABIE: STUETORED ACRYUC SPAWL . LARGE staep Pieces .
AcPpoxIMRIELY BoYo oF S/A OFF.

S B0UTS REMoveD FLOM YOV BEDAE BUT MO EfFECT ON
PERFOLHANCE OF PRAREL .
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SAMPLE CODE : qo3|-|A

CONSTRUCTION © IZ8'AS CAST AceyUC - 06" 11 - 176 PC. - , 090l -
188" fC

THICKNESS: 588" AREAL DansITY :3.00 18./rr* PANELWT.: 16 LB.I0*®

EBoGE SECTION :

1|: /@ééééééééé@ 125 PLEX ~
R 06D 12 T.

411" I \ i
A m}x}g}\\\\\\\\\\\ SISSIUSSSSNY (285 wo
+ | i i 1898 PC J

(F@NT ) ( KEAR)
RESULTS ONB =9 =73 @ T4°'F AND I3.Z°INSTALLATION ANGLE
SHOT NQ. WT 32 gpgzp HEUn 8N s,

o Fvac: 819 pps  BIRDWT, ¢ lm‘]m 4,1818.

‘ . 485 ‘TS KE. C 43 g .,
ReMARKs - PP BETS ON P EDdE 3,559 Frigg

Bieo DV NoT PENETRATR IMPACT oF P&, Just gy Borron epGe

ALTROUGH WAD NOT SUPPUBNT T Forcm
TSSUE XTEND
sﬁcmn.tshwsmmam DT WLe Dmacs}’?‘w\e 2

NESLIGIBLE AcRYUC REMVED PRoM IMPACT pice | ONE

CRAER N Y870 AS SWWN . No RES\DVAL BULEE .
B LESDUAL VisiiLrry |
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- SAMPLE CODE : Qo3i-24
| CONSTRUCTION : 125" AS casr RN = 6oLl - -126 Y Pe ~ ]
O |17 - -oBE " P - 000 T -, 0f0’AY CAST ACRYUC
.& f 0"30 . |15
- THICKNES S :.%e5 AREALDENS\TY :3.64 Lb./nz PANEL WT.: IL.GLB.
EogE SECTION % , _
™ T 7 3
.395’ \\\\:'\\ \\\f\\\\\\\\\ XX ‘j .-?2'; ‘P‘Z- '%.
4 4.56" E ' ALLLLLLRBLLRRLRLLR AR UL LRULN Y ‘o\'?a.?\j'z_ a(p‘zl.
1 . PPN \)}?,\,\,\}\,\,\}}\1\}}}'}Wg}\\x\\\\\\\\\\\\\\\\ fg’bg (% I
N-{
7 L]
} ‘,f“"""’ LX) —

XN
e ‘.'oh';f&,d_\

S R

‘\ g

*_ -0 o S =]

( FRONT) (EEAR)

RESULTS ONS-F-T3 @ 74°F AND 32 °INSTALLATION ANGLE

E - SHOT NO.:wT-33 SPEED: menm s srrrs BIRDWT, @ 1787 ems

o Finac: 8@RTes KE, | 44 869 Frig
b4 REMARKS ¢ Soer AEDE By, = ™™™ ’

“‘“f Bin D10 et PEMETRATIC, No SER 160S  Srevcriar DAMAGE

w Boru Acky e RAcive '

Rimg FAIL&) HOWEVER No spawt WINRTsoEvEL
o i .
Erow 1IN Roaao Py, /8 RLbyle PRackep L hmia BEor auane

1 - Frame, TN I/3 Actylic PLY SHooLd BE FLoaT iNe W/ STRAP &
s SPACEA PAEVEMTING INTEMOR. ENCROALHMET SINCE Soma
tv CRAcks Folmep DORING MOLASTING.

Fouvk. BoLTs OFE BuT NO EFFEXT .
W\PACT PO INT TurT AT BoFNom EDGe,

Resipoac VIS BILITY PooREr. Tiaw I-A (WT-32) No Resmua-
Qut.c.e, 169
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SAMPLE CODE : 903I1-18

CONSTRUCTION : .126 AS CAsT ACRjLIC- o'z - 125" pe -~ .09
| e - -18¢ " P,

L

THICKNESS :.58 " AREAL DZNSITY :36k 1o frrt  PANELWT.: IL.5 LB.

EBogE SECTION : izs ok &
i —t SRS oo 1122 592"
4" . .125 Pe t_n
AR NARH A1 AV ASLRRRARRULUUNR RN NS RN A AP
420 = | |88 P
I B '

=<

(FeonT) (REAR) r
RESULTS ON 5-3=T73 @ 75 °F AND 13.2 °INSTALLATION ANGLE

SHOT NO.: WT-3¢ SPERD: InmeNomd: 5725 BIRD\WT. @ | BooGms

PREVIrg ¢ BT4FPS
Finne: 86irps KE., | 46,373 FTiLBs

| REMARKS : et
Birp Do NoT PENETRATE. £s5:00TAuy No STROCTRUAL
) «Ji;% DAMAGE To PANE L. No DAMAGE" TO IMPACT SURRACE oK
1 -

INBonaD PC Puy. Sexop Py OF LAMINATE DAMAGED
r' N
g { AS WOD lenrTe=pD . E!\Mhﬂ' RESIDUVAL. VlS)BlL.lTy . I\/o

Doty Browsn) SUT BY IMPA<T.

170




|-.! :-‘-' _II a
¥ A A

=5

LN
Bt
i B = A

& - >y .
P— R

EFE UV A
bl

e S

SAMPLE CODE : 9031-2B

CONSTRUCTION & 125" AS CAST ACRyLIC- -eo” 112~ 125" P - .0%0 112 -
S 128" Pe- . 060" 112 - c0Lo" RS CAST ACRYHC

TH\CKNESS:.sas" AREAL DENSITY : 364 Wo./rr2  PANELWT.: 1 LB.8"®

Eose SEC.-l"IO'*l‘l : 25 PLEN
<N\ .cuo iz
.mzu { i 1 A2 pe
i \\\l\ S T T T TSy .o ne LU U

’ ' 125 Pe. I
l -

'43 l L S T O A T R TN N S AR L R LSRR RN AN S SENEANNYY . m; é‘ Lg .

1 1LY If}[]lll[[[l] Y (-]

T N

J
L 7
(FRONT) ( REAR)

REsuLTS ON5 =9 =73 @ T2°F AND I3.2.°INSTALLATION ANSLE

: 9B FPS
SHOT NO.: WT-35 SPEED:{,':E‘ES,‘I :2\7 ms. BIRDWT, : \Mza[m.
632 xrs FINAL: 878 Ffs KE. . 50,837 FT-LBS
REMARKS : S0T AEDC BT DSED .

Biep OID Nor PeneTEave . No BUTSs @EMOVED . INBIARD AceyUC
CRAXED SBVEZELY SUT NO SPALL. .

N EILM COVERAGE: DUE TO PREMATURE FIRING REINTING FROM
DINMZAM EALURE.

UESDURL VISIBILITY  WORST OF TOUR- CANOPY  PANELS. SUGHT
PERMANENT BRUAING .
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SAMPLE CoDE : 903! -3A
CONSTRUCTION : .OGO'AS-CAST ACRYLIC +.093 P (Fuser) 060112 -
125PC - 09012 - ,125'PC. (QL €50)

THICKNESS: 553" AREAL DansITY :346 8./rr2  PANELWT.:\0% LB,
Eose SECTION : )= —

o

!

CRACK INOfs J8'Pe

e 9

( FRONT) ( REAR)
ResuLrs ONT -9 =73 @ 83°F AND 132 °INSTALLATION ANGLE

SHOT NO.:Wr-3¢ SPEED:'mvs‘::gg s BIRDWT. : 3921

AUAL . 840 RPS KE. :42,8 A
REMARKS : " GANKr ™ T L8

BieD OID NOT PENETRATE . QurBoaed posep P CRACKED AS A
SWALE PLY IN HOST puaces, Mo Nwey CRAKING AT ToP
BGE cenree., Crack (fs HOON) IN QUTBOARD 128 pC PLY STReTINg,
AT STRAP EDGEIN ceEnvRR.

OL6E) CORTING CRARED DURING INPAT AS A LSUAL

, BUT THERE
WAS MO ATTENDANT DAMAGE TO THE INBOARD .izs” pc pLY
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SAMPLE CoDE : 903|-4A ° ‘ | ~ a
CONSTRUCTION : .085 HercuuTe I~ .060 H2 - .188'PC - .060 112 - |1
| 085 HERCULITE I ]
THICKNESS: 478" AREAL DENSITY :404 1a./rrt  PANELWT.:19% L8, 1§
Bose SECTION : l

=kt 1
_t
.
i |
; - 7
| =

s e s oo BN e o 2

&t:‘\’nmmn&w

.‘- J e S s T I
Lj \ ‘/—‘\“;\

\

.
A —

- ——

(FEONT) (REAR)
'  REsuLTS ONT -10-73 @ 82 °F  AND (5.2 °INSTALLATION ANGLE

£ bt i‘; SHOT NO, :w-‘-_-51 SPEED :INMD!D - TS BlRD WT. . 4.9,1. B

PREUM -
= REMARKS : N T o SIS

BILD DID NOT PENETZATE , NO STRUCTURAL DAMASE T EdaS
RTTACAMENTS . PANEL. HAS + ' LESIDUAL BULGE TowALD /&5 AND
WEZAUL WARP v 3k’ . SPALL APPEARS TO WAVE BEEN COMPARARLE
© Ws SWOTS. o EESIDVAL WISIBILTY. |T 15 IMPossIBLE TO
DETERMING THE CANDITI'N OF TWR C Ty | BUT SINCE TUELE WAS
M) PENGTRATON , T 1 ASSUNED TO QE 0K,

. 2
f
B i .
el Lz,

3 E o & <2fr,¢y

SR * A
4
B e — RN S R

e A
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SAMPLE CODE : 9031-5A

CONSTRUCTION : .090 ca-33°- 060112 .250'PC - .030 112 - .060
AS-CAST ACRYLIC

THICKNESS: 490" AREALDENSITY : 5.1 1a,/rr?  PANELWT.:144 8,
Bogk SECTION : | —

¥ ¥
i i
[
bl L
{

N —_—
(Feont) CRACK IN PC (ZEAR)

REsuLTs ONT -10-73 @ 84 °F AND 3.2 °INSTALLATION ANGLE

SHOT NO.:WT-58 SPEED prgum s ase |~ BIRDWT. : 40418

AccuaL : ¥3 0 KE. | 46700 FT-18
REMARKS : "N A ENKT

BIZD PENGTRATED | DRATIE TYPE FAWURE WITH TOP RALE OF PANEL.
BLOWN OUT (N ONE MAXK PIECE | E0SE SUEALING IN LINE WM
FIXTURE . 0P EOGE SWEARED OUT IN UNE WM 0%’ NOMEX STRAP.

CLACK. 1N PC IN UNE Wity PLEX CRACK AT IMPACT POINT, BUr NoT,
EXACTLY COINCADENT (1.C. CRACK DID NOT PrOPAGATE THRY ,o030°Ire),

Grop AOVESIN T0 PLEX 3 (3% . Cb-F) FRACTURE PATTERN
MORE COMPLETE THAN SEBN WITW ACRNLC .
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SAMPLE CODE : 2030-25
CONSTRUCTION :(SER EDSE SECTION)

THICKNESS 828" AREALDENSITY :516 1a/rr PANEL\WT.:5¢ %08,
EosE SECTION : e

A [ —]
i
. . A S— |
: o e e . ==
< e —  o90 & [E—-_— —_— e ————
- | . e —— i e e
3 | i T ik l N
I — — —— —— \
ne ] | : :
T ey, JBaiRd IMPACT PT. LOCATION
g <«
'.
|
3

REsuLTs ON T =11 =73 @~%Z °F  AND 22 °INSTALLATION ANGLE

e
E SHOT NO.:WT-39 SPEED PEune 690 ¢° BIRDWT, : (47 6 =384
L BIbKT *FNAL ¢ 812 " KE. . 453%9 FT-L8
T REMARKS : NEW FRLAME (¥2) AND SPS TITANWM BOITS USED .
g GILD DID NOT PERETRATE . No AYPARENT DAMAGE T T puies, Bory
FACING PUES CANCKED AS SWWN ABWE . Nb UL SPAL. PRoM
5 INSORRD QURING DEFLEGTION . CLACK WL INBOARD NOHER AT BEAM
b~ ‘i AS SARON , ESMOVAL 6 SECTION OF STRAP SWOWS “THAT CRACK IS
£ 4 IN REANEORCEMENT , NOT 1. SUSKT NorEx TEASILE WATENING
3 ; NEAN. CLACK, -
W " W\:@?m APEM-© WAVE WAD ANy EFpecr. No '3
- DRMAGETO RETRINEE . AL BALTS AND BUSHINGS OK..
175
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SAMPLE Cope : 9030-26
CONSTRUCTION : (SEE SKETCH OF EDGR SECTION)

THICKNESS: 828" AREAL DENSITY : 516 1o/ PANELWT.:54% L8,

‘.‘ - Ip@‘ T ) rel
EosE SECTION : e = L
*“—“1‘- 12 ——- P o gF\)SED [ o o i —
— 1

SAIE IHPACT PoinT
A3 WT-39 .

ResuLrs ONT =11 =73 @84 °F AND 22 °INSTALLATION ANGLE

SHOT NC.:WT-40 SPEED ppe) 1y - v s BIRDWT. : (745 qm3.8Ls,

| TLTKT=FINAL: 122, PPs KB . 90,636 Fr-ws
REMARKS : NEw FLAME ayp 3PS TiraniuM RUTS VS&D

~ Biep oio oy gmmmm. ResouaL BuLGe: (3" peep , 7" DIRHETER. ) LocATED
4 BENND THIGEY X', PORYUC SPRLLOFF 5'x4 pgs, T HAXIMUM BULGE (Gof oFF
NE e /8" or-3/1L" pe, CHAXED, SVEN IN &XTZENE BUse (efoor)

OABQT BROKE UP IN BAZREL. WK PEces PRECEDNG BIRD . HOVIES SHOw
BIED IN OME OIBCE |

BorTs ¢ PETANER.OK. . RIV630 ADWESION ok Tugobewovr

CAck, (26°LONG) N INBoRRD BEAM, EOGE: ZRINFORCEMBNT IN LNE
W BENDING OVER- TRAME:. PEMOVAL. OF Srepg ey

SECTION. SUMWOS TMAT THE CRACK,
'S ONGY N THE: NOMEX. (WITH | Py ST OK.) AND 1o DAMAGE 10 Tue pe...
176
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T T T o | R e A 10 (LT R T  CORRP T

SamMpLE Cope : 9030-ZT
CONSTRUCTION : ( SE® EDGE SECTION)

THICKNESS: 828" AREALDENSITY : 5.6 1a./rr2  PANELWT.:54%L8.

SRR SESS

EDGE SECTION : il

et 126 —-

b, Aft Arch

of Pr{ RENOVED/ _“W
AACKS

ResuLts ONT -12=T73 @~80 °F  AND 27 °INSTALLATION ANELE

‘WP~ JNTENOED - {200 FPS : @3 U
SHOT NO.:WT-4  SPEED 0" o0 Fos - CIRO WT. 4138

) KE. 19,018 Fr-LB,
REMARKS : No.Z F2ANE ,SPS mm‘mm
Buo Do Nor pENETRAE, LALSE RESIDURL BULGE wm AczyUC

SPALLED N MAL, BULGE AZER . CRAK IN BEAM EDGE ATTACAMENT AND
PC WM CIMRS FROM BDEE SUERLNE N VISION, AREA IN BOTY yggaﬂ[,"
SUTEALD P QUUED AWAY FRM PETAINEE. ALING ROROARD WAe op |
REAM . AREOXMRED] /4 QUTWARD QERMANENT WARP (N FWD. WALE OF
REAH B06 - (UOSE TO UM, «

LETANER. O EXCEPT LOE ROR [ ALZKG BEAM STARTING AT
CORNER_. W\ TORWRRD  AZLH .
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SAMPLE Cope : 9030-23
CONSTRUCTION : ( SEE EDGE SECTION)

THICKNESS: 828 AREAL DENSITY : 5.16 ./m? PANELWT.:54% L8,
Eose SECTION : - %~ o

, e —
ot % : Jrusen ' —
RS ey e 2% oc. ¢ —
| H 090 w2 h - L

T 25 R === — e
el E I e o az__ ] | } |

. - '_____., — ——— |
L, s ! R R —— \
— — —r | . = —
e — - —

~ —= |

a) Beam, Sill, Fwd Agch

REsuLts ONT -12-73 @~85°F AND 22 °INSTALLATION ANGLE

. 1, ,NENDEDslmo : =
SHOT NO.:WT- 4Z SPEED e 8 s BIRDWT. :18Joqm =412 18

" s KE. ' 87,322 pr-5,
REMARKS : Foass N 2., SPs Bae K =

Bio PENETRATED . (DENER oF AFT ARCH, AND BE
OPENED AS SHowN . SEcion OF RETAINER . Blow e

L]

BENT BUT INTRCT Wik FAILURE BY PULLING OUF o A

MHEAR. LNES IN PENETPAED CORMER VARY N Lacp
oN
Cxad tODE OF FNWEE CaangT SR DETERMeD. e P\.Empum e

BULEEY FLAP. N STLIPYED EDGe seenan, Povessr RTVEz0 ADHESION. WAS TO

THE PC . APT 1870F BEAM BOGE WAOPED OUTWRID - 3/8"
L DMRGE: D ZEMANNG Y4 OF PANEL. .

178
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SAMPLE Cope : 9030-24

CONSTRUCTION : 060 AEXT 125 pe (PUSED) - .090 112 - . 115 PC. -

030" 112~ 188PC - 090U - 060 PLEX I -
THICKNESS: 828" AREALDENSITY : 510 Lo./rr?  PANELWT.: 5A%LB.
EbGE SECTION : R R B

SAHE IMeAcT ROINT
AS Wr-47 |

Resuirs ONT =13-73 @~ °F AND 22 °INSTALLATION ANGLE
. 2 ;m 3 .; za s i
SHOT NO.:WT-43 SPEED:Tben 830 res BIROWT., : M[20qm 39313,

" + %09 KT KaE. :45'02‘ FT'LB
REMARKS :[RarE No.z. *, SPS Bours

Bieo PENETRAED . FALEZE SMIAR, To 9030-23 (WI-42) ATuousy
LESS SBVERE-. SECTON OF THE AFT ARCH RETAINER. ZEHoVED AND BOTS

PULLED QUT OF THE NUTS , IMPACT SLGUTY CLOSER. T THE BEAM TRAN
00-25. NT FORXION OF BEAH DG DEREMTED of8 A, 3/,

SHeRR. FLAP AND DAMAGE TO REHAINDER. oF WINDSWELD LESS THAN 9030-23,
(sseTo LM . WOULD PROBABLY PRss Wit LESS RIGD FRAMS |
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SAMPLE CODE : 9030-25 (2* MPACT)
CONSTRUCTION : SEE EDGE SECTION

THICKNESS : 828" AREALDENS\TY 5\6 Lb/rr‘ FANE.LWT 4% LB,

EogE SECTION : R g
}-‘————L l7le == r%r:lgrmo | ‘ '—'l——{
1‘::&:-;::-—— ‘"i"“"'t_ _: i E i :T 7
L. { |

ResuLTs ON 7 -24-T73 @~85°F AND 22 °INSTALLATION ANSLE

SHOT NQ.:WT-44 SPEED:INENDED-8s0Fes BIRD WT, : 406 B,

e KE. 145442 FT-(B
REMARKS : SHoT Iy ModuLe Usma STEEL. Alc-Tyee BOTS

MODULE: ( FRort P sepies ) RO STRENGTUENED APT Ui Azcy

Bieo pearTeAED . TiSsuE Thew CONEL. Y E amelh WT-43  ATWUSH LESS

BERE  TISSVUE SPATTER. (18’ oF Rizp ON CENTRA
ARE 1S LESS Rlad THAN, mmeéo BUT sn&. e DEFLEP%‘%N&;ASABWAD
MO RATRTION IN AUSSETED ARERS . St
TRLIZE DUET SHERRING OF Sluvcvq I UNT WM EDEE. OF SRRET AND
4 REQUENT TENGLE FAIWRE OF /8 P OF Pe.. SNEARING \S EEMINISCENT OF
EARLY FUAT DRNEL FRARES PROL R BHAME GENDWG . Tolr wis Dermarn
(O WK OF ) Swowos THRT S[LL'8C 15 DomG MO VR BETORE: SWEARING.
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Skt it CODE : Fo3p -3 , . ,

o comen " “OLEY- PC-.0%0 12~ ,125"PC.- PO 11Z-
GHSTRUCTION : ,0b0 PExL /183 P -0

AL 88~ olo” 12\ 0p0 PEX. T

THicKMESS: %L “ AREAL DaNsITY : 53490, /pr2  PANELWT.:55. L8.2% |

EDSE SBCTION : 1 LT-=188- 49_370 %

——  WEl0-(3%

A
REsuurs oN8 -Z7-73 @~ °F AND 22 °INSTALLATION AMZLE

SHOT NO.:WF-47 SPEED:NSP Z™  BIRoWT., : eogm

" -gC KE. : 47 -
ReEMARKS : Bid PENERAED o 4n7 =

WHICK (OTRED AND IBLDED ALONG fRel . D ?:sn‘io ﬂ:::sv%o;m‘g e

NEGLIGIBLE ZesIDUAL RSTATION OF. e y
BCNWON OF A
INTERIM HODIFICATION | N OF MICH Wwitw McAies

Awee =5s severe T WE4d Ror Tissuve peymres
- ION Covp .
CMOKCSUZ% TAPE HolDING STRAIN GREE WIPES DD NST AFFECT gESOLTS "1 ARABLE
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SampLe CObE : 9030-33
CONSTRUCTION © (See evar secnow)

THICKNESS: b AREAL DaNsiTY 577 w./rrt  PANELWT.: LIS L,

EbeE SECTION : (w7 1 LT %850 %

( A-A) o= E —— H~xE=o0l-13 7o

III;I
]

1

VT sThop ADDED IN IMPACT AREA AND
INTEEMITIENTLY ARUND EDGE |

(o/8) (\/B)

ResuLrs ONB -28-73 @859°F AND  Z2°NSTALLATION AMALE

SHOT NO.:WT-48 SPEED: NENED-80 TS, BIRD WT., : (8IS9m=40 LB
PREUM = &T3 FoS KE. : 47.655(F®
REMARKS : FMAL-BTO TS s B kr. Ve - S :
Bied DI NoT PENETRATE , OUTSONED PN CRACKED BUT No o8sepyRtie
PEACUDNG OF STRUCTURAL RO PLIES, TITANIM STRap genr

| OVEE. LEDGT-
DULING DEFLECTION BUT N0 SWBRARING | NOMEX CMUED unteR. STRiP, IN
LNE (oL END of \EDGE . DEFORMATIN OF DL UNDER. NowEy CRNK. RUT

MO FLACTURE . NuvERaLS YSTRESS CorT! CIMXS 1N INBoARD NOEX IN NEA
oF VAL, DERECIN .
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'
-
ey
-
g
.
i

SaMPLE Cede :900-3Z .
LSTRUCTION » 000 AEXTL/ (28 PC - 001 - 188 PC- ,09%"l1z- . 138"
CO DT Ui \ ] pg-\OéO"H‘L’ ‘OL'D”PLEXK_

THICKNESS: &( * ARZAL DINSITY : 55010, /ir®  PANELWT.: 56 L8,
EbsE SzCTION : |

|

(ol B)

(1/8)
REsuLTS ONB -2)-T3 @~20°F AND 72 °INSTALLATION ANGLE

SHOT No.: P : INTEADED
0T $PEED AT

| -
REMARKS : Rt ?E‘NETMEDF NAL = BISKT

= 850 Fps : <4
D BIRO WT, :1883am <4.is (5.

K-E. 'o 45174 ‘LB.

PEP\}Y:CA-\ CQ‘LNE‘;L AT OF trpker pone , SHEARSD AND PEL(TTED TISSUE TO
ETRATE . PC PUES FALED GENBRALY (DINCIDENT WTH RRCH

BND , MHouBW EANWEE of TR B w\( P o o

AS NOU A GLERN SUEAZ, AS W .
TR (WAS PEAGTICALY  IDENTICAL. TO s

PINg Over. THE '
LONGITODINALY, BUT NOT SHEARED . TTE Fiob, £ AR DLUS Elonghred
1 N THIS SWST THERE )

GE OF AFT LETAINEER: WAS DUSHED Dowy
AS GREATER. RESIDUAL. ROTRTION
AL Wit THe Mehe | ® e

CENEAWY TK ey e
‘ NETAL, RERE 1S UTTLE  |HPROVE
; SJi-She ENGE THAN \WITH THE \/8-3/ L N oERFD

6 OF 9030 -3 .
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SaMpPLE Cope : 903]-34

CONSTRUCTION : 080 PEX S5 - 0l0'(l2 - 1ze"pe - 090"tz 125 e~
030 NZ- 060 RLEXTL

THICKNESS: 510" AREAL DENSITY : 26408 frr?  PANELWT.:35.5 L8
Eose SECTION : — = e =152-7L.9%
== Haze =03 -\ %

— nes 1

2(5 PLEX UNPEL-
2
RESULTS ON 8 =30=-73 @ ~85°F AND INSTALLATION ANGLE

SHOT NO.‘-WT'ES\ SPEED:IPmb@nggﬁF’;? BIRD WT. : 3709w = 4.3 B
FINAL = 80P KT KE ¢ 47 304 F-i5

REMARKS : (S 8o fiop MO - 6 HATTH 3

Rird DID NOT PENETRATE: | No VIIRLE PC DRMAGE . QuTBOARD puy OF
PEXEE CRAKED WITH HUGA HOE REMOVED THAN EXPERENCED Wih PABXIL.
N PLex T SPAW F8oYl \[B SURFACE 3 NO CBICKS INTD (030”2 .

Geoob PESIDUAL VisipwTy , No PBLHMANENT BULGE ol DEFLECTION .

¥ Not Teue | CRAGL (N OUTBOALD % By VISBLE AT Z=AR ALl AS

SHOW N KETW AFOVE .




T T L TN Sy T T e T T

SaMpLE CopE : J031-3%

CoNSTRUCTION : OO PEX L/, 093"pe - 0bo'liz - " - 0902 -
18'pe - 030712 - 000 PLEX I

THICKNESS: " AREALDENSITY :4=Ua /rrt  PANELWT.:9) 2518,
1 EDGE SECTION . T Eﬁ%mu
. (A-A) - = T

R4
e

(/e) SoFuseD (of8)
( Resuirs oN 8 =31 =73 @ ~T5°F AN °INSTALLATION ANGLE
: SHOT NO.: WI-S2. SpeeD: RS0 = IDMS Birp wr, : 307 = 4.0 (&,

FINAL = |is( eps KE.= 86,384

. . . ."» - - " ;“‘
2% {Af'a.,l_g P A

P~ REMARKS : n s CBAIT < Haed 104
P - Buo DD Nt pENETRATE , Shve wMener T AT WT-52 . ABDC HATA
: *.'1 LALEE PESDUAL RuLge CENTERED ~ 4" BEWND |Mpaer Taaet. Sove Pisx
u.i BLOWN & IN BUGED MER LIKE WGl SEBD WINOSMEL) Siors Lore ofF
T ONAGE T0 PhuNg RUES RESUGS L ]
! % bttfce T N PRE REIDUNC visiswty | No oras

5.- k:’ ‘(‘ 185
&

i |

g ]

4

‘...l.‘ .-

< *

Wy

| <5 —?
1 ; e R e N




SaMPLE Cope : 9030-37
CONSTRUCTION : SER BDGE SECTION

THICKNESS:.923 ArzAL DaNsITY 575 ./rrt PANELWT @ 6| LB,

] EBSE SECTION P D LT s
4 2 B £ HeoE < “5010
PETNNER
s (PNXED

s TWQ PISCES Pk

(.‘ & [ T, s

11 R e
NeAer [ frH
i =

P
2%
—r—
74
] \
)

(ol B) (1/8)

REsuLTs OND -2 =T3 @ S °F AND 22 CINSTALLATION ANGLE

SHOT NO.: WT-55 SPEED AL SRS BIRD W, : (852 9m=4.0818

< A FOALBTIFRS: BIb KT KE, 43065 LB
EMARKS : ARCH toD, NaT MILED , (ORNER H- Loks, A
(SREL) ADOED AT END O Mg Hob .m\@' /4 HiGE Sar

Bied D NoT PENETRAE | No ARPAZENT DAMAGE To pe p
TNPICAL FRACTURES OF Ofp AD \[5 FACES . Q&smmf %ﬁgt&gnngﬁuuc?ni:& ﬁiﬂ
HAXIMUE T OETRNGR(PAEY INTEZFAE . % peramee ROTATION | ’

To PRCES PLEX AL s SN . (ONSDERABIE P TEFOLMANION. Quet. AICH TUWGE
BT N0 PNLURE: [ Gt AXESION 6F B RV 650 TO P¢) HOIE Pe deFoemamon ove. ARCH
FLANGE: E6E THAN 9030-3( (ur-c4) . LESS "STRESSConT " clering or B NOMEX R
TUAN wi-c4 o wi-48 , Hraingy Rivizo AMESIoy To RETNEL. . Y

186




i Sl

- ; g N e
B e o it o, 4 ol i
e o] Rl o 4 -

S

' > -1‘,V$
A &
K. 5/
i 1
B -
E > I
Jt
- 1
28 ]
"y ]
4
53 L
Pt {
) ;
=3

) TV R R LA WA § TS 5030'36
CO%&E’;‘(’%”\UCT‘.ON - SEE BDGE SECTION

24103 5 -
THICIKHESS: 829 ARzAL Dansity (516 W/t PANELWT. 54T L.

EDEE SECTION ¢ SRR
_*_I B8 FL

.oao“uzI,E:————lf Sass . L'T‘g 71;6
1 Rt 2= e -

(o/8) (\/B)

Resutrs ONO ~2T-73 @ 80°F AND 22 *INSTALLATION An:LE

T W gy

— 2z INTENDED ¢ 850 p3,

SHOT NO.:WT-54 SPEED 1 cron, - Q&T%\?r BIRO WT, :18407m = 4,05,

" CHUKT. KE.
REMARIS 0 Kk Eehacsrent s i pee (D e
IRO Dip ST Penerae  No APPREENT O, DAMAGE: I ‘
: . TR

Tt S0vPoRT ST THAN WI-BR . (BHovaL gg N e
DISPLACEMENT CONCIDENT W NCH FLANGE BUT .
NOMBY  CEACKS | "STRESS CoRT” CRACK. YTTRIM (L

MPACT AREA . UsTanEe. W Nomey N

SO ADIESION o BNwex.

N AT T HMobuLe, AtCH FLiren v
N MO Aot m, W UK N Flnes RENFICBVENT- \“Z)‘)ED ]

- oMy Loose
BE FL ANeTRER. Q1S WO, B AT




e LR alehaxd
RS

SniArLE CodE : 9031- 41
CONSTRUCTICHN : SEE BDGE SECTION

THICKNESS: 556" ARZALDENSITY :3.46w./rr*  PANELWT.: 36,bLB.

[:m.mx,mo'uz LT.= Q059
= N — = e | 1.2 805/
Eose SECTION it a= I Wes- 1A%
canx wgpe ] _==__,—T—" m—— 3= i
L HIDLE P (-+) BT GOED

(ve) S
ResuLrs ONI0O=-10-73 @..30 *°F  AND °INSTALLATION ANGL:

SHOT NO.:WT-85 SPEED: i 20 . BIRDWT, 140 (5< g,

PN 866 Fes = 553 érm KE.: 47735 /T (R l@
ReMARks : PRI (24 Tesr),
BAZD DID N PENETZATE . CONSDELASLE. DAnace INTHE HMPNCT AREA
TRE.FUSED FRCNG O (5 CONE. 1N EVERAL QLS AND THE: Mo o ooy [
CANCKED AND PENSTRATED . THEE (S A SHALP  \RREGULAL RULGE IN Une

WITH THE DMMRGED AEER THE \[B °C pLYS OLESD CONTING RS MANY SMAW
(RS TELATED TO THE IMOACT STRAIN BOT TWS WS BT cAoseb ANY
FAMLE OF THE PC. BOTW PL STROCTUIRL PUBS DO AR (RAKS ORIGINATING

AU THE REAM BDGE UOET THE MAXIMUM RUGE |
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SairLE Cobe : 903(-40
COMSTRUCTICH + SEE BDGE SECTION

THICKNESS: 400" AREAL DENSITY : 249 1o /it PANELWT.:75.8 LB.

cu an N i Qe o L?\'.=80.3°[o
EDJ* -CTLOH“ T — = :a&'.pcj% HAzE = \170
N S S — ze ] T |
"% oW m___@ I-
WRR Lo
'\1 -

(/)  \-OLLED (RAKS (o/B)
Resuurs ONI(O =10=T3 @~83°*F 2D INSTALLATION ANZLE

SHOT NO.:WT-S( SPEED: N-\O=80WS BieD WT, :182(9m = 4.03 (&,
FINAL = BT8R « 44480

REMARKS : UNHOT AEDC HATON (| NPARENTLY NOT LAFGHED DUeing, Tst)

BizD DD NOT PENETRATE . (EVDURL BULGE  APPROGNATEL V5" MAXMMUM .,
OUTRORED PLY RS AR UNIEORMO( -SPACED UHACKS Wit MO SIGNIFICANT
AMOUNT HITSING. . \NBoAD P SHAWS OF GZ0 CAKING, BUT NO ¢ FRACTYRE
ASSOURTEY, T 1T

oW PO STRUTLRAL PUES BAVE SUSTAINED SOME DMAMGE R THOWN 1IN
THE SKETAES Aeove . THE WNEOARD Noviey STRAY ALSO CONTAINS CRIKING RS
SHOWIN
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SnoapLr Code :9031-4L

THICKNESS: 46" AREAL DansITY :4.058./m?  PANELWT.: )4 L.

060 PLEXE 0
- o | i ———— LT.=]M0 /o
“0AE JECTIONIT—ITr Lt 2 T z
Eoae SECTION] — — v !ﬁ“ nRee - \.Lol‘

i i b

Resucrs ONIO =6 =73 @ X °*F  AND Home INSTALLATION ANELE

b SHOT MQ.:Wi-S] SPEED:‘H‘“&;‘S?D&&”W?S BIRDWT, :{746
- ‘ _ell & KINETIC EneRey
" REMARKS * | HWNTED IN P94~ Furaisaes WAt | 3™esT on Wch )

08 AMBIENT < 28 ¥ LT
* 0}§ SOLENE = .7°F | DD TENETRATED . TOOTBAL-SIAPED , 42X 12" FLAP

ofp INERAIR = -7 F? |BOON INWALD, FRILDEE 15 N UNE. TR AND aLiINATES
MoME Vo = -5F Pron Crfeks IN THE 618 o0 . ONDY Low SNERGY @ (Ricrs
_oax%  RUHE €DGT OF THE TUAY WEKE STotreD ¢ TWE CE

& MMBENT=Y17E | S THe SWRE AND TNFE OF YENETRITION (S
NowE | (NECK, OF FEALDeR. AYEST DRENTICAL TO THRT OCOpE=D DUUING 9165
| CRORCATON RRveEALED A +\1F IN-HOUSE PROGEAM WUEN A WINDSWIEL) WAS
e ERFOR . ACTURL RMBIENTS AND ENEIUTED PRe. v 2% WK .

URPRCE: TEHPS RE, AT BT IF LESSL 190




1 ShiipLE CODE : 917

; CoNsTRUCTION * SEF— EXE SECTION

| THICKNESS:.400" ApzaLDz NSITY : : 24718, /et PANELWT,: 25708, ]
) e LT =BT (0 {
] EoaE SZCTION : - _‘1 l]“l I‘°‘°°":PF “%2 Wt = 13/.,/0 Rz} i
-‘~=-=——'=——=~=r "—4 CRACKS THRY

’; | 4

‘ |4

(/8) (o/8)

Resurts ON0 =k =73 @ X °F  AND Mowe"INSTALLATION ANGLE
- SHOT NO.: WI-S8  SpPEED: WENE 80P gionwr, : 1895
- PNAL: BT ? KIRETIC . 6’“’

- gy n = . ENERQ t

» REMARKS : | Bep Pevereated !

LS 6‘5"“5&“’_‘3“;6 | R0 3T, Biep PKE. WIT TEMRERATIIE. ENCLOSURE

T RInAEESS | OUHRN FE PROLTO WITNG Cory o Puks or-

k'l ' °l5 o L | e URRE BLOWN OOT RUT TWO CRACRS (AMP

... *‘ Bl el T TE LAMNATE AUSWED S0ME TISSUE THEOUGH DR

k- ; ‘lb QUIEpE 3T | VEREINN THESE: (RAKS OEGINATE FROM THE: 6B SURFACE .
| . clF | e P EMBRITLEMENT RN TWE ZF (TS0 1

e i . (,& A“B‘m\. =t ‘ K:

b e a5 MDD o FekGUENG, o T 1S £ 1Y T .w
o UENTIORETER \‘é,’f‘“f B WETEASENT OF Crocks. WIMHGRTING Fiov {
- READ oM
P ‘ Q.é(.yﬁ%él'; (1) =g \ 191




SeMpLe Cobr  9030-38

CORSTIICTION « SEE EDGE SECTION
. . "
| THICKHESS: B Age Dansimy 497 ./t PANELWT. E34LE,
Eoge SzeTic b TNy LTS %

(o/8) (1/8)

RESuLTS ONIO -25-T73 @480°F AND 22 *INSTALLATION AMZLE

SHOT NO.:Wr-59  SPeiD: el 2P Birowr, : 49418+ 180

. 14583k KE. 137507 FT8
REMARKS : Bito peneteaed . New HusD wieen AREH PEIFORCEHENT | v ARG
Gﬁm FLAP BLOWN IN pS witd DIEVIOUS TBSTS ON wls Wit m%m“\'m\%

b TRUAHAL PUBS (L3 Ur-47,-49) . DAmree fovmuy. epmmee. THAN
OTHESS N SIVE OF %y L, TIANIM SOYIIS  AND LWER- BIRD Sherd
AR ALSQ SUSTANED MOST DRMAGE OF AW 1973 FODULE Swors TWERE 1§ A (47
; afugmw; MOUNTING FLANGE AND TWE TLANGE Rib ZENTOR(EMENT ALE  ROTATED
W AGNNTT JERNAL TLANGE DIRECTY BERIND [MPACT ARER, .
DISNGT ORIGING ARS DIFFCOT 0 LXATE . TR EXTENDED E0GE AND
HOONTING SOPIOLT YERE  OVERROWERED B THE {MONT .

&

»
) 4
AP
jff, = - o
WP S 3

=3

. ) .;5

P ;e
R i
o " L
o ’ SR e B it S o

IPSE 3% 3 i 4
B
o8

L

P

- ¥ e — & A Y = RS 3
‘t - = Nie T e gl 4 ity ] NOR

. X = s> sk s
- g 3
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4 | ]
q ; i
; APPENDIX 2
. | &
] | The following appendix contains deflection data for those shots WI-1 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.
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APPENDIX 3 ;

; i Three bird impact tests were conducted during Task II which received
1 WT numbers but were accomplished by the Air Force to supplement the i
b | efforts of PPG INDUSTRIES under Contract F33615-73-C-3099. All three E
) were condurted on windshields produced by PPG in November 1972 and
were similar to those tested in the FM Seriesl? of module impacts.

The Table summarizes the shots and a sketch of the panel from WT-45
and -46 follows.

i TABLE XXIV — ATR FORCE-SPONSORED BIRD IMPACTS

Test No. Mounting Conditions Impact Results Remarks

WT-45 #2 Test Frame OK @ 497 KT LCOS caused no failure
of I/B ply. Combining
glass destroyed.

. WT-46 #2 Test Frame Failed @ 708 KT Same panel as WT-45.
L Compare with WT-41
impact in forward beam

‘ corner. Fracture as ;
3 shown. 2

éﬁ % WT-50 Module with Failed @ 529 KT Comparison with FM-2 g
i Interim Fitting shows effect of ~rch -
1 reinforcement. ?
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= i FIGURE 53. IMPACT RESULTS FOR WT 45 8 46.
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