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This report is releasable to the National Technical
Information Service (NTIS). At NTIS, it will be available to the
general public, including foreign nations.

This technical report has been reviewed and is approved for
publication.
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Block 19

The bird impact testing of a T-38 laminated polycarbonate transparent panel with a
composite aft arch reinforcement added to the production magnesium frame demonstrated
the ability to withstand 400 knot, 4-pound bird impact. The transparent panel was
made of polycarbonate, protected with PPG 5300 outboard liner. No problems were noted with
PPG 5300 liner during the test period. Problems as a result of the PPG 8500 inboard
coating were addressed with a change to PPG 9350 inboard coating. Additional work
on the inboard coating identified as AS-4000/PPG 32AS resulted in better polycarboiate
inboard ply protection and increased abrasion resistance.

Flight evaluations of the original design at seven ATC Bases resulted in test parts
being removed for safety reasons after the test time frame was completed. Reasons
were reduction of overall pilot visibility caused by reverse curvature along edges
which caused distortion and multiple imaging. Reverse curvature was required for fit
to the frame. The composite aft arch reinforcement that was added to the magnesium
frame increased arch size thickness, to a point where it violated both sutdent and
Insturctor pilot vision area. Another problem was the variation in size of evisting
magnesium frames where each individual transparent panel had to be fit to a speciifc
frame and drilled to fit only that frame.

Although magnesium frames are light-weight and statically strong, they are of very
little use in dynamic bird impact. Design of a total composite frame has been pursued
by the Air Force which will result in increased aft arch and sill vision area. Design
of this frame will eliminate reverse curvature that was the cause of distortion and
multiple imaging, along with simplicity of transparent design, reducing the cost of
fabrication, and is conclusive to obtaining good optical quality.
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FOREWORD

According to Air Force information, approximately 500 bird
strikes occur each year in Air Training Command (ATC) with over
half of these on the T-38. The current windscreen provides some
protection at the slower speeds flown during the final phases of
the T-38 landing pattern. However, during climbs, cruise, and
descents below 10,000-feet the T-38 is normally flown at speeds
of 240-to-300-knots which presents a bird strike hazard by larger
birds to the pilots.

The T-38 low level missions are of particular concern because
they are flown at speeds of up to 420-knots. Based on training
requirements, the altitude for T-38 low-level missions has
decreased to 500-feet above ground level along with increasing
the number of sorties required. Although the Air Force plans
student load reductions, the relative number of high-speed, low-
level navigation sorties will increase.

The bird impact testing of a T-38 laminated polycarbonate
transparent panel with a composite aft arch reinforcement added
to the production magnesium frame demonstrated the ability to
withstand 400-knot, 4-pound bird impact. The transparent panel
was made .of polycarbonate, protected with PPG 5300 outboard
liner. No problems were noted with PPG 5300 liner during the
test period. Problems as a result of the PPG 8500 inboard coating
were addressed with a change to PPG 9350 inboard coating.
Additional work on the inboard coating identified as AS-4000/PPG

32AS resulted in better polycarbonate inboard ply protection and
increased abrasion resistance.

Flight evaluations of the original design at seven ATC Bases
resulted in test parts being removed for safety reasons after the
test time frame was completed. Reasons were reduction of overall
pilot visibility caused by reverse curvature along edges which
caused distortion and multiple imaging. Reverse curvature was
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required for fit to the frame. The composite aft arch
reinforcement that was added to the magnesium frame increased
arch size thickness, to a point where it violated both student
and instructor pilot vision area. Another problem was the
variation in size of existing magnesium frames where each
individual transparent panel had to be fit to a specific frame
and drilled to fit only that frame.

Although magnesium frames are light-weight and statically strong,
they are of very little use in dynamic bird impact. Design of a
total composite frame has been pursued by the Air Force which
will result in increased aft arch and sill vision area. Design of
this frame will eliminate reverse curvature that was the cause of
distortion and multiple imaging, along with simplicity of
transparent design, reducing the cost of fabrication, and is
conclusive to obtaining good optical quality.
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1.0 PROTOTYPE BIRD IMPACT TESTING

This testing followed extensive preprototype testing stage

where a single cross section was established for the prototype
portion of the program. This cross section is depicted in

Figure 1. Aft Arch Reinforcement of the magnesium frame was

Kevlar'/Fiberglass hybrid composite bonded directly to the
frame. The windshield consists of an outboard ply of 0.375-

inch aircraft grade polycarbonate with an outboard liner of
nominally 0.030-inch-thick PPG 5300 liner. This polycarbonate
ply was laminated to an inboard ply of 0.187-inch aircraft
grade polycarbonate with an inboard coating of 0.003-0.005-

inch-thick PPG 8500 coating. The inner layer in this laminate

is 0.060-inch-thick PPG 112 material. Located at the Aft Arch
of windshield is a 0.160-inch-thick Hexcel Fiberglass outboard

retainer and a 0.035-inch-thick stainless steel inboard
retainer are bonded to the laminate with Uralane 5738. To

complete the assembly a wedge of Gilfab Fiberglass is bonded

to the inboard Aft Arch with Uralane 5738. This wedge serves
to match windshield and frame contour. The fabricated nose and
sill fairings were from 6061-T6 Aluminum, 0.100-inch-thick.

The windshield is bolted to the frame with #10 NAS aircraft
bolts at the sills and NAS 1/4-inch aircraft bolts in the aft
arch. Urethane UR-2102 was used to seal outside windshield to

aft arch and edge fairings. This material provides a smooth
transition from the windshield surface to the fairing, besides

providing a weather seal.

All Prototype Bird Impact Testing used the rigid blue support
frame constructed by PPG for mounting and securing windshield
frame (Figures 2 and 3, Test Plan - Bird Impact). This support
system simplified easy access to the transparency mounting

system, greater flexibility of camera locations, and faster
change out from one target to the next. Because of the

knowledge gained in preprototype testing, PPG recognized that

1
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Figure 2

Figure 2. T-38 Composite
Reinforced Forward
Windshield Frame
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Figure 3

VECTOR SUM OF COMPONENT
DEFLECTION OF POINTS ON T-38
FORWAR1D WINDSHIELD -4LB BIRD
IMPACT AT 400 KNOTS

:iTST 1$8 29 MAY 115

Ss. HOTT.•_ 10 d.! F i• b• N
" i-3 TA. 'T wOINTI

l~~~rrs~! 2,3 ' PE 1 4,5/"
5. 0 .. , PO•INTS ON ARCH REI-P;F b"!--'• 9i1

I I ./ !

4..5 ;4--1•I~I~,
,4 0%I

I� 0 0

POIT '6 Lo

I. ' , I .

4.04

cn 3.5 ?T-4 r4Lw -,

" i '' iI ..

00

w w

" "PON -5

C3

i -I
, ,

I-, , _ _ _ _ I

4

t m

TIME (SECONDS)

4



possibly more than one of the impact locations could be tested

on any single windshield. This contract deviation was an

agreement by PPG and WPAFB personnel. All prototype impact

testing was at PPG Flight Impact Facility in Huntsville,

Alabama.

1.1 Bird Impact Testing - May 1985

This series of designed testing was to impact two test
windshields using Table 1 of the Test Plan - Bird Impact

for temperatures, locations and speeds. The first five

shots of the Table are included in this testing. Hot
temperatures were generated by a thermal heating blanket

system, while cold temperatures would be reached using

gaseous liquid nitrogen as a cooling mechanism. The

specified impact locations are on Figure 4 of the Test

Plan - Bird Impact.

1.2 Prototype Bird Impact Test Results - May 1985

Five bird impacts on two windshields were made during

this phase of the test program. The first test window,
number 322-52, was impacted at 401.62-knots with a 4.012-

pound bird. The impact shots on the first test window are

numbers 156, 157, 158 and 159.

1.2.1 Shot #156

Shot #156 was 9-inches forward of aft arch on
windshield center line, after a 15-minute soak

period at an outboard surface temperature of

approximately 210 0F. Removing the electric

heating blanket before impact caused the actual
surface temperature reading at impact to drop to

183.7 0 F outboard and 162.6 0 F inboard. The impact
produced sufficient deflection in the aft arch to

allow a small amount of bird debris to enter the

cockpit area and strike the witness plate.

5
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Figure 4
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Eight thermocouples were positioned on the

windshield for temperature gradient verification.

Two of the three required readings were taken 12-

inches from the nose, on the center line and at a

position 3-inches up from the sill, one inboard

and the other outboard. The third reading was

taken inboard center line at a position 10-inches

away from the windshield surface. All other

thermocouples are positioned as shown on the

sketch in data section of the Bird Impact May 29,

through May 31, 1985, report (Appendix A)N) The

data presented has information headings that do

not represent actual locations displayed on

sketch.

1.2.2 Shot #157

Shot #157 was on the same windshield and in the

same location but at room temperature. The impact

was at 137.2-knots with a bird package weight of

3.996-pounds. A small amount of debris entered

the cockpit area on this shot.

The third and fourth shots were at room temperature on

windshield 322-52 but in the sill corner location as

specified in Figure 4 of the Test Plan - Bird Impact.

1.2.3 Shot #158

Shot #158 was a 404.6-knot shot with a 4.018-

pound bird that did no apparent additional

windshield system damage.

1.2.4 Shot #159

Shot #159 was a 136.98-knot shot with a 4.016-

pound bird that did no apparent additional

windshield system damage.
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Installation of windshield number 322-45 was the next

sequence of test shots which consisted of cold and room

temperature shots.

1.2.5 Shot #160

Shot #160 was after a cooling soak for 15-minutes
at approximately -10°F outboard surface

temperature. The same eight thermocouple

locations recorded previously were used for the

hot shot. Just before impact, removal of the
enclosure used to contain the cooling gases and

several photographic lamps were turned on. The
lamps generated enough heat that actual test

temperatures at impact were +50 F on the outboard

surface and +40'F on inboard surface. Impact was

at 402.35-knots with a 4.002-pound bird and

proved to be a catastrophic type failure. A large

plug type section of the windshield was blown out

in the impact area. This location was a point 9-

inches forward of aft arch on transparency center

line.

During the above testing it was determined that the
horizontal leg, bottom composite reinforcement was not

required as shown in Figure 2 Test Plan - Bird Impact.

UDRI had the tooling revised to accommodate removal of

horizontal leg which helped reduce complexity of

composite lay up.

All test parts were prepared and measured for

triangulation analysis for deflection. Triangulation

analysis was by W. R. Pinnell for test #156 only.
Triangulation data is shown in Figures 3 and 4. Reference

Appendix A, Bird Impact Test Report, T-38 Alternative
Transparencies, May 29 through May 31, 1985, informal

report for all data including pre- and post-test

photographs.
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1.3 Bird Impact Testing - August 1985

This series of testing used the test evaluations of

previously conducted shots and data generated by

immediately preceding test shot results. All impacts

were done with 4-pound birds at velocities determined by
program director, Sherman Stewart and coordinated with

USAF personnel. This approach was chosen to allow a

definition of transparency penetration velocity at

specific test temperatures. Test temperatures were to be

either ambient room temperature or cold (+25 0F).

1.4 Prototype Bird Impact Test Results - August 1985

Six bird impacts were made on four test windshields

during the completion of this test program portion. Two

windows were impacted twice, with the remaining two

tested only once.

1.4.1 Shot #184

Shot #184 was 393.1-knots on windshield number

322-54, with a 4.002-pound bird at room

temperature of 70 0F. The window passed with no

major damage, other than an approximate

permanent deflection of 0.25-inch in the aft

arch. Several pieces were removed from the arch

material by the impact. The test also permitted

a few pieces of bird residue to hit the witness

plate.

1.4.2 Shot #185

Shot #185 was on windshield number 322-72 with a

4.012-pound bird at 400.9-knots, test was a

failure. Impact was after cold soaking the panel

at +25 0F for 15-minutes. A flap of some 12-

inches by 8-inches opened in the impact area and

allowed bird debris to enter cockpit.
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1.4.3 Shot #186

Shot #186 was on windshield number 322-57 after

a cold soak at +25 0F for 15-minutes. Speed was

393.2-knots with a 4.014-pound bird and was a

failure. Again an approximate 12-inch by 8-inch
flap opened allowing some bird debris to enter

cockpit area. Several cracks generated from flap

area toward forward arch. These first three

shots were at a location 9-inches forward of aft

arch on windshield center line. Removal of
stainless steel inboard buffer before test shot

#186 may have caused some inboard polycarbonate
ply damage.

1.4.4 Shot #187
Shot #187 was on windshield number 322-54,

previously impacted on shot #184. Impact

location point on this test was 6-inches aft of

the forward sill on windshield center line. Shot

was at room temperature with a 4.016-pound bird,

a velocity of 396.2-knots, and the windshield

passed. Previous shot damage cracks propagated

across windshield center.

1.4.5 Shot #188
Shot #188 was at room temperature, center of

windshield center line. Windshield number 322-52
used for this test was tested before on shot
numbers 156, 157, 158, and 159. A 4.002-pound

bird impacted the windshield at 392.5-knots

without damaging windshield. There was no

penetration nor visible damage from the test.
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1.4.6 Shot #189

Once more, shot #189 used windshield number 322-

52. Impact location was changed to the same

position as used in the first three shots, 9-

inches forward of the aft arch on windshield

windshield center line. This test was after a 15-

minute cold soak at +25 0F. The impact was at

302.1-knots with a 3.998-pound bird and produced

no window damage. Transparency inboard stainless

steel buffer was removed before testing.

Again all test parts were prepared and measured for

triangulation analysis for deflection. Triangulation

analysis was by W.R. Pinnell for test #184 only.

Triangulation data is shown on Figure 5. Shot #189

established the first cold capability (+25 0F) at 300-

knots. Reference Appendix B, Bird Impact Test Report, T-

38 Alternative Transparencies, August 9, 1985, through

August 15, 1985, for all data including pre- and post-

test photographs.

1.5 Prototype Bird Impact Test Results - October 1985

This series of testing consisted of two-bird impacts on

separate windshields. They were mounted to the original

test support structure used in all bird impact tests

before this series of tests.

1.5.1 Shot #213

Shot #213 was at 352.8-knots with a 4.012-pound

bird on windshield number 322-76 and was

successful. The shot was at a nominal +26 0F on

the outboard surface, after a 15-minute soak

period at +25 0F. This soak period produced a

temperature of 53 0F on the inboard surface just

before impact.
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Figure 5
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1.5.2 Shot #214

Shot #214 was at 345.8-knots with a 4.016-pound

bird. This test proved to be a failure when a

small plug was blown out of the impact area.

Temperatures just before impact were -10F on the

outboard surface and +40 0 F on the inboard

surface. The temperatures were established by

soaking windshield for 15-minutes at OOF.

These two tests established the speed (350-knots) and

cold temperature (+25 0F) capability. Reference Appendix

C, Bird Impact Test Report, T-38 Alternative

Transparencies, October 1, 1985, through October 2,

1985, and November 14, 1985, through November 22, 1985,

for all data including pre- and post-test photographs.
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