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ABSTRACT

Birdstrikes to the crew enclosures of USAF F/RF-4 aircraft have resulted
in major alrcraft damages and severe pilot iniuries. Analvsis of operational
bird impact statistical data indicates that the trend of damaging bird impacts
of the F-4 is continuing to rise. Impacts to the F-4 transparency system also
continue to rise resulting in a continued flight safety risk to the aircraft
and the aircrew. The Air Force Wright Aeronautical Laboratories, Improved
Wwindshield Protection Office has initiated a program to develop a tramsparencv
svstem for the F-4 airecraft which has four-pound, 500~knot hird impact
capability. The first step in this program was to experimentally determine
the existing transparency system capabilitv by bird impact testing full-secale
fl1ight hardware, Eight impact locations om the windshield and forward canopy
were tested to fallure with four-pound birds. Tests on experimental,
laminated windshield side panels were also conducted to investigate the
capability of the windshield frame. The baseline birdstrike test results are
presented through the use of pnst-test photographs, test films, and an impact
capability diagram. Program progress subsequent to the basgeline testing will
be reviewed.

*Prepared for use at the Bird Strike Committee Furope meeting, 26-30 Mav 1986,
Copenhagen, Denmark.

This is an update of the report, "Bird Impact Fvaluation of the F/RF-4
Transparency System,” prepared by Capt R. Simmons, AF Wright Aeronautical
Laboratories, and G. Stenger, University of Davton Research Institute. The
report was presented at, and is included in the proceedings of, the FAA-
sponsored conference and training workshop on Wildlife Hazards to Aireraft,
22-27 May 1984, Report #DOT/FAA/AAS/B4-1.
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ARSTRACT

Birdatrikes to the crew enclosures of USAF F/RF-4 afrcraft have resulted
in major aircraft damages coupled with severe Fatal pilot iniurtes. Analvsis
of operational bird impact statistical data indicates that the trend of
damaging bird {mpacts of the F-4 is continuing to rise. Impacts to the F-4
transparency system also continue to rise resulting in a continued flight
safety risk to the aircraft and the alrcrew. The Air Force Wright Aeronau-—
tical Laboratories, Tmproved Windshield Protection Office has initiated a
program to develop a transparency system for the F-4 aircraft which has four
pound, 5300 knot bird impact capabilitv. The first step in this program was to
experimentally determine the existing transparency svstem capability bv bird
Impact testing full scale flight hardware. FEight fmpact locations on the
windshield and forward canopy were tested to failure with four pound birds.
Tests on experimental, laminated windshield side panels were also conducted to
investigate the capability of the windshield frame. The haseline birdstrike
test results are presented through the use of post test photographs and an
impact capabllity diagram.

INTRODUCTION

Due to the advancement in radar detection techniques as well as the
development and increased use of terrain following instrumentation, an in-
creased amount of high-speed flight time is performed at altitudes below 10,
000 feet. Many air force high-speed aircraft transparency systems wete not
designed to meet the increased bird Impact risk associated with this phase of
the flight operation. The F/RF-4, Figure 1, 1s but one example of an aircraft
which was not designed with a transparency svstem capable of surviving the
bird impact event. Analysis of birdstrike statistical data obtained from the
Alr Force Inspection and Safety Center at Norton A¥B, California shows that
during the period January 1971 to March 1981, 30 of the 68 reported
birdstrikes against the transparency resulted 1in penetration into the crew
compartment., Assoclated with these penetrations were 12 injuries (some
permanently disabling) to aircrew personnel, loss of one aircraft, and one
pilot fatality. Recent birdstrike data continues to show an increase iuv the
number of Iimpacts and, without significant changes in the mission requirements
that have resulted i{n this increasing hirdstrike rate, an even larger number
of damaging birdstrikes may be expected for the F/RF-4 aircraft in the future.

*Program Manager, Alr Force Wright Aeronautical Laboratories, Vehicle Eaquip-
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RACKGROUND/ORJECTTVE

As a result of the loss of a USAF F-4F aireraft and s pilot fatality due
to a windshield birdstrike in November 1980, the Improved Windshield Pro-
tection Program Office was directed to develop an improved bird impact resis-—
tant transparencv avstem for the ¥/RF-4 aircraft. The initial phase of this
program included an experimental test series which was conducted to determine
the baseline bird impact capabilitv of the current F/RF-4 transparency system.

The primary objective of this bird impact test program, conducted during
the periods August-October 1982 and Februarv 1983 was to determine the minmum
bird penetration velocity as a function of hirdstrike location for the
windshield and forward canopy. Secondary objectives of the test program were
to: (1) collect sufficient data (photographtc, straimn, and accelerometer) to
support the subsequent transparency system redesign effort; and (2) to {inves-
tigate the capabilitv of the windshield support structure to ahsorb (and
trangsfer Into the fuselage) the energles associated with the bird impact
event,

EXPERTMENTAL PROCEDURE

The bird impact testing of the F/RF-4 transparency system was accom-
plished at Range S-3 of the von Karman Gas Dynamics Facility of the Air Forece
System Command's Arnold Fngineering Development Center, Figure ? shows the
test area arrangement. Capabilities of th S-3 Range are continued in
Reference 1. The basic procedure emploved in testing in the S-3 Range
consigts of launching bird carcasses at speciffed velocities {using an
air-driven launcher) into predetermined impact locatinns on a test article.
For the F-4 baseline tests, six impact Incatlons on the windshield and forward
canopy were investigated with the fuselage aligned at 0° pitch and 0° vaw
relative to the launch path, Side impact tests were conducted at nne location
on the windshield side panel and omne on the forward canopy with the fuselage
yawed at 15° relative to the launch path.

Test Fixture/Test Articles

To more closely simulate the actual bird impact response of the transpar-
ency and to get realistic lcad transfer, an F-4 forward fuselage section was
used as the test fixture (see Figure 3). A1l transparencies and related
hardware were actual alrcraft structures removed from aircraft in storage at
the Military Alrcraft Storage and Disposition Center at Navis-Monthan AFB,
Arizona. Test articles consisted of the forward windshield assemhlv {two
plexiglass side panels, laminated glass center panel, and supporting struc-
ture) and the forward canopv assembly. The cross-section of each transparency
component 1s shown in Figure 4,

The windshield frame capability was determine by utilizing laminated side
panels which were designed, developed, bullt, and donated by Goodyear Aero-
space Corporation, Litchfield Park, Arizoma. The laminated panel cross-
section may he seen in Figure 5. When a transparency failed in a test, it was
removed from the frame, the frame was inspected, and if no structural damage
had occurred, another transparency was mounted 1in place.




Projectiles and Sabots

Projectiles launched during this test program were nominallv four-pound
chicken carcasses. The birds were asphvxiated, quick-frozen, and stored at
B°F until needed. Prior to testing, the carcass was thawed in sti1l air at
room temperature (75°F) for approximatelv 24 hours or until the bodv cavity
temperature was 700 *10°F, Adiustments to the bhird carcass welghts were
required to achieve the desired weight within #0.1 pound. These adjustments
were accomplished by clipping carcass appendages or iniecting water into the

body cavity., Tn no case did the adjustment exceed 10 percent of the bhird
weight,

The packaged bird was mated to the launch tube using a one~piece sahot of
balsa wood construction. The sabot materials densitv was nominally 10 Th/ft
providing a sabot weight of 1.7 1b and a total launch weight of 5,7 1b,
Separation of the bird and sabot after launch was accomplished with the use of
the tapered and threaded cylindrical sabot stripping section attached directly
to the vent section of the launch tube (Figure ?). As the launch package
entered the stripper section, the sabot velocitv was gradually decreased by

the shearing of thin layers of sabot material, permitting the bird to exit 1in
free—flight,.

Instrumentation

Instrumentation for this series of tests was primarily designed to
collect data for use with analyvtical transparency analysis tools. Four to
five high-speed movie cameras were used to record the impact event. The
cameras were situated in such a manner as to gain an overall perspective of
the impact point (Figure 6). In addition te the high-speed cameras, still
photographic coverage was used to record pre- and post-test conditions.

A total of 20 strain gages were monitored during each impact. These
gages were located in such a manner as te record the load characteristics of
the transparency support structure during impact.

Two accelerometers were used to monitor the motion of the frame during
bird impact. X-rav shadowgraphs were used to monftor the hird position and

orientation prior to the 1mpact (Figure 2). Thev were also used to verify the
impact velocity.

Test area temperature was measured by two thermcouples positioned near
the test transparencies.

Impact Location/Impact Velocities

The eight {mpact locations used may he seen in Figure 7. These locations
were chosen through the use of an angle of incidence study and represent areas
where the maximum energy could be transferred from the traveling bird to the
stationary structure. At least two fmpact locations om each transparency
svatem component were investigated so that a capabllitv map could be developed
for the entire svstem. Tmpacts at locations "A" through "G" were made with
the fuselage section aligned at 0° piteb and 0° vaw relative to the launcher
flight path. Twpact locations "H" and "I'" were chosen to investigate the
transparency capability in the s111 area., TImpacts at these two locations were




made with the fuselape vawed at a 15° (clockwisge) angle so that gufficient
bird contact could be made with the test article.

The initial impact velocity was slightly below the expected failure
velocity. TFailure velocities were analytically determined at each impact
location by employing the prediction methods found in Reference 2. Succeeding
1mpact velocities were increased unti] transparency failure at that location
occurred. The fallure velocity range could then be bracketed between the
higheat velocity at which failure had not occurred and the velocity at which
failure had oeccurred.

TEST RESULTS

The baseline birdstrike capabili{ty for the F/RF-4 transparencv system was
defined with a total of 25 bird Impacts at eight locations on the trangparencvy
svstem. The results of these tests have been summarized 1in a capability
diagram as shown in Figure 8. This diagram presents the four-pound bird
impact capability of the existing windshield svstem with the fuselage oriented
at 0° pitch and 0° yaw. This diagram is based on the actual test data with
the areas being defined after considering the recorded post-test ohservations,
the high-speed movies, the strain data, the impact angle of incidence, and the
proximity to the edge attachment. The values represent an approximate thresh-
cld of faillure velocity (in knots) for wvarious areas on the windshield and
CANOPY.

Windshield Side Panel

The most critical impact locatfon was on the forward area of the
0.38-inch thick stretched acrvlic windshield side panel, impact point "A."
The ifmpact angle of incidence was ?7 degrees at the target noint. Tmpact
point "A" was Initiallv impacted with a four-pound bird at 190 knots which
resulted in no damage. A subsequent shot at 200 knots resulted 1n about half
of the four-pound bird penetrating the transparency (see Figure 9), The
transparency frame was not damaged,

The aft area of the windshield side panel was tested at location"B" and
wag found to have a failure threshold of 210 kriotg, The small inerease was

due to the reduced angle of incidence: 21 degress,

Windshield Center Panel

The 1,2-fnch-~thick laminated glass windshield center panel demonstrated
the highest capability of Any part of the current transparency svstem, A
four-pound, 300 knot shot on the forward end of the glass center panel (lo-
cation'D") resulted in a substantial amount of glass spalling off the inside
surface; however, no bird penetrated. A shot at 375 knots at location "D
resulted in the failure of the glass center panel. This test was classified a
failure because much of the lower half of the transparency spalled into the
cockpit, and the pilot would have been facing a consfderable wind blast even
though no bird actually penetrated (see Figure 10).

A four-pound, 375 knot shot was made on the aft end of the windshield
center panel at location"C" and resulted in a small amount of the bird pene-—
trating the windshleld and canopv frames. Some glass was spalled into the
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cockpit; however, neither the glass nor the bird would have posed a serious
threat to the pilot, and this test was classified a Dass,

A 450 knot shot at location "C" resulted in a substantial amount of
spalled glass, Tn addition, the center panel was pushed down, buckling the
windshield arch supports, and the bird impacted the forward frame of the
forward canopy, This falled the canopy frame and transparency, resulting in
several large pieces of spalled acrviic as shown 1in Flgure 11, This test was
classified a failure hecause of the potential iniury to the pilot.

One shot was made at 300 kpots on the sheet metal nanel forward of the
windshield center panel. Some hird penetrated the structure and the capabfl-
ity was estimated to be 250 knots.

Forward Canopy

The 0,30-inch thick stretched acrylie canopy was impacted seven times ar
three locations ("F," "G,"™ and "I"). The demonstrated capablilities were 240
knots at location"F,"™ 220 knots at location"G,” and 230 knots at locationT."
A 300 knot area was added in the capahil{ity diagram to reflect the decreased
angle of incidence. XNo damage to the frame or support structure was found in
any of the tests. The transparency, when failed, spalled several large pleces
of acrylic (estimated at over 8 sq. in.), in addition to many small pieces.
Thig spalled acrvlic could cause serious intury to the pilot. Also, the pilot
would be subiect to considerable wind blast and buffeting through the large
holes l2fr in the transparency (Figure 12),

Windshield Frame

The capability of the F-4 snroduction frame was determined bv utilizing
Taminated panels formed in the F-4 side panel shape, The panels were mounted
in the framework using afreraft grade bolts. Five impacts were made on the
windshield structure with the laminated ranels installed, one at location ™a"
and feur at location "B." The fmpact at location A and the first impact at
location "B" were parformed at 450 knots with catastrophic failure of the
frame occurring in both instances. The impact point "B" failure resulted in
parts of the windshield arch entering the forward cockpit, posing a signifi-
cant hazard to the pilot (Figure 13). For this reason, 1t was determined to
perform additional tests at location "B." The three subsequent tests at
location "B" resulted in a frame failure at a velocity of 375 knots. Failure
at this velccitv could have been predicted from a plot of the strain data
taken at papge location GL4 (closest gage to the fallure point) and the impact
velocity (Figure 14). Note how rapidly the stress rises with veloclty in this
particular loading situation; the magnitude of the Toads in the structure
appear to be extremely sensitive to velocity in the 350-to-375 knot range.
Frame baseline capability was accepted as 375 knots.

CONCL.USTIONS

The F/RF-4 transparency birdstrike tests have established the exigting
capability of the transparency svstem and have generated a useful data base
for designing and evaluating various bird impact resistant designs. In-field
service hss demonstrated the reed for improved hirdstrike protection and these
tests conufirm this need.




The data generared from these tests show that the acrvlic side panels and
forward canopy must be replaced with bird resistant designs which will provide
the degree of protection required. Also, the tests indicated that a new or
reinforced windshield frame 1is required.

A program currently under way will evaluate several alternative bird
impact resistant transparency system designs. The result will be an afford-
able transparency svstem which wil? protect the F/RF-4 crew during high speed,
low level flighr.
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Figure 4. Cross-Sections of Production Transparency System.
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Figure 5. Laminated Side Panel Cross-Section.
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Figure 6. Location of Motion Picture Cameras.




Figure 7.. Impact Locations.




Figure 9. Posgt Test Damage, 270 Knot Side Panel Impact.
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Figure 11. TFost Tect Bamage, 450-Knol tmpact Upper Center Panel.




Figure 12. 270-Knot Impact, Centerline of Forward Canopy.

Figure 13. Failed Windshield Arch Frapments.

Figure 14. Maximum Stress vs. Velorcity Gage GL4 Impact on Location B.

AFT WINDEWIELD ARCH MAYERIAL 7)TE-TE
Tensiles Strangth: A7, 000
Tensila Yaild Strangth: 71,000

o4
ot #O4
{Fframs Failed}
A0 -
Kot
204
3 Syt
L L H
30 b
3
hrch Crose-Section
; Aft W/¥ Arch et CL
200 3= [~
Lok ing
Aft
Ll
. 1] 1 | 1 1 1 1 i
10, 000 n, 800 M, Mo 4, dno 50, 000 &b, Mo 71, 0% B0, 800

Manizes Ftress ipmi)

. - 201 -




