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BIRD IMPACT TmSTS OF THE DOUGLAS
MODEL DC-8 AIRPLANE WINDSITELD

INTRODUCTION

Tests of the impact of freshly killed bird carcasses on the
windshield panels of the Dougles !Model DC-3 alrplane were conducted at the
Technicel Development Center of the Cival Aeronautics Administration,
Indianapolis, Indiana, From March 26, 1957, to April 21, 1957, and also on
June 19 snd 20, 1957. The purposc of thesc tegts was to determine the abilaty
of the windshields and supporting structure to resist penetration when strucg
by a four-pound bird cercass. Tests also were conducted to eveluate the pos-
sible hazard to the pilot and copilot resulting from flying windshield frag-
ments, A complete resume of the tests 18 presented in Table I. The tests
were conducted in accordence with the Douglas .iilvoraft Compeny test proposal of
Fcbruary 25, 1957, entatled "Outline of CAA Windshield Bird Test Program
for DC-B."

The testa were conducted with the assistance of Messrs. Nick
Napavance, Arthur S. Lundgren, and Hal Landerfelt of the Douglas Alrcraft
Company, Inc.

WINDSHIELD INSTALLATION

General,

The cockpit structure and windshield panels tested were in
accordance with the Douglas Aircraft Co. drawings listed in Table II. In-
gofar aa the windows and supporting structirc are concermed, the teat article
wes verified as conform:ng to these drawings by CAA-designated inspectors,
Messrs. B. Robinson and B, B, Farmhar of the Douglasg Aircreft Co., in their
letter of January 6, 1958, F.le No. C8G30-58-1bkk, to Mr. G. T. Castle,
Douglas Aircraft Co., CAA Liaison Engineer.

The windshield panels tested consisted of the center window, the
gide window, and the clear-view window, An eyebrow window which 18 to be in-
cluded in the production version of the Model DC-8 airplane was not provided
for in the test structure and consequently, could not be tested. The windows
tested are identified in Table I.

The center- and side-window ingtallatzons consisted of flat panels
of the double-panel type. The center-window panels were rectangular in
shape, each having a hcight of approximately 21 1/2 inches and 2 width of
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epproximately 20 1/4 inches. As 1nstalled, the center window sloped back
45° from the vertical plane. The side-window panels were trapezoidal in
shape, hoving a height of approxzimately 17 3/h inchesg, a top edge length of
approximately 21 inches, and a bottom edge length of approximately 28 3/4
inches. As installed, the sade windows sloped back 53° from the vertical
plone.

Two center- and side-window designs were tested, one incorporating
1n each of 1t8 two panels o (.300-inch-thick interlayer of 21 parts plastz-
cized polyv.nyl butyral, and the other incorporat.ing in each of 1ta two
panels a 0.360-inch-thick interlayer of 21 parta plasticized vinyl.
Construction of these windows is shown in Figs. 1 and 2.

The exterior and interior panels for the center- and side-window
instellations were mounsed rigidly to the window frame &s shown in Figs. 3,
4, and 5, with an exr gep of 0,50-inch or slightly less, depending upon
vinyl thickneas, separating the two panels.

The clear-view window arrangerients tested algo were of the
double-pen=l type, consisting bas.cally of two panels of compound curveoture
approximately 18 3/4 inches w.de by 20 1/2 inches high mounted rigidly in
the window frame. A typical cross-sectional view of this window &3 mounted
in 1ts clcoged position is shovn in Fag. 6. The windows comsigted of interior
and exterior panels seperated by an mir gap. The clear-view window can be
opened, In whish case 1t 18 guided by an upper end lower track which ellows
forward and aft wovement. When loczed in the closed position, this window
wag retained, as originally submitted for tests, at the center of the upper
frame edge, along the full length of the forward frome edge ond at one polnt
located at the aft end of the lower frame edge. One hand-operated lever
mntrols locking, unlocking, and opening of the window. When in the closed
md locked position, this window slopes back 64° Trom the vertical plane,

Three clear-view window designs were submitted for test. The
construction of the three designs referenced to appropriate Douglas Aircraft
drawings are ghown in Fig. 7.

The side- and center-window designs, as submztted for test,
incorporatcd the Elcctropane heating unit developed by the Libbey-Owens-Ford
Glass Co. This heat.ng unit was incorporcted in the exterior panels of each
window only. Heating of the interior penels was dependent upon conduction of
heat from the outer panel threugh the intervening airapace and upon main-

tiining cockpit heat at 70° F. 7The clecr-view window was dependent entirely
upon cockpit temperature for heat.



Changes Madc During Tests

o chanzes were made 1in the windshield cancpy during the firat
five tests.

The center and side windows 1ncocporeting the 0.360-inch-thick
vinyl interlayers were used exclusavely in Test No, & and in all subsequent
tests because it was found that the windows incornoreting 0.300-inch vinyl
interlayers were being penetrated et verocities at or near 525 mph.,

The retaining errangement Tfor the clear-view window failed in
Test No. 7, allowing tne window to rotave .nward ebout 1ts forwerd upper =2nd
lower trock attachment points. To prevent this, a retaining bar was added
to fix the eft edge of the window frame in the closed position as shown in
Fi1z. 6, During the next test on the clear-view window, with the retaining
bar mounted by utilizing existing doubler nlate retaining bclts through the
post lecated between the clear-view and eft windows, 1t was found that, upon
impact, the outside doubler plate peeled back, snapping off the bolt hceda.
This forced tne reta.ning bar to depcrt from 1ts fixed position, thereby per-
mitting the aft edge of the window to open :nwerdly. To correct this con-
dztion, the number of bolts through the retciner was doubled, with every
other bolt extcnding only through the aft post bolting flange and retainer
bolting edge as shown 1n Fig. 6.

TEST PFOCEDURE

Freshly ki1lled chiclien carcagses were propelled at the test
structure by means of a compressed a-r gun. 7T0 casure the greavest degree
of accuracy of carcass velocity and point of impact on the respective win-
dows, the chickea carcess was backed by a 6-inch-long Styrofoam plug 6 inches
in diameter with a thain pl-stic disc 5 1/2 inches 1n diameter bonded to the
aft end. This plug and chicken cuarcasa were placed 1n a light cloth bog
which then was sewn shut., This arrangement gives the appeerance of a pro-
Jectile approximately 6 inshes in dicmeter and 14 inches long. The combined
weight of the chicken carcass, plug, plastic disc, and cloth bag was k
pounds plus or minus 2 ounces, The weight of the plug, disc, and bag was
approximately 5 ounces.

The cockpit structure was positioned sg as to line up the desired
wrpect position with the line of flight of tne projgectile. The projectiie
flight path was determined by sighting throuch "peep” sights mounted at both
ends of the gun barrel. The cockpit base was bolted securely to the test
cell bed, and L-by-h-inch wood members were positioned between the principal
lengitudinal members of the cockpit and the test cell backstop to prevent
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excesalve reorwsrd movement of the cockpit atructure, This mounting
arrangement 1s shown in Figs. GA and &B.

Two l:fe-sized cley figures were positioned in the test article so
ag to reprogent actual pi:lot and cop.lot boly pos:-tions. These clay figures
were ugsed to evaluete pogsible hazserds due to flying window fraguenia, The
clar Tigurea were fitted with either sun glasaes or goggles during each test
and were clothed in lightweight slharts after the first test. Damage to the
clry Tigures was repaired as required following each test., In addition,
dur'ng each test a high-speed camera was focused on the inside face of the
test window to aid i1n evaluating window maler-al fragmentation and the pro-
gresazon of structural failures. Hereafter in thia report the two clay
figurcs w2ll be rcferred to as "pilot" and "copilot.”

The center window was impact tested et a point correspond.ng to the
geometric canter of the wincdow snd at a2 po:nt six inches below the top sill
and 81x inches inbcard of the lcft ccnpterpost sill meassured in the plane of
the window, The side window was impact tested at a point corresponding to
the pilot's eyc position as progected forward to the plane of the outaide face
of the window and at a point six Inclies below the top 5111 =nd six inches
inboard of the correrpost sill measured in the plane of the windaow.

Veloc ity measurements were determined by the bird carcass progectile
breaking two pairs of fine steel wires positioncd a distance of four feet
apart between the end of the gun barrel and the target. One pair of wires
was connected to a recording oscillograph while the second pair of wires wad
cornected to a direct-reading electronic chronograph. A third method for
determining the velocity of the projectile, usding a high-apeed camern, wag
employed as a check on the oscillograph and chronograph. In determining
velocity frem the timing-device meaduvrements, credenece normally was given to
those measurements which represented best gun-calibration velocities, when che
or more necsurements appeared to be in error. The velocities ao selected then
were averaged to determine one velocity for coch test. Both the oscillograph
and the chronograph failed to operate properly during Test No. 9, and full
welght was placed on the time measurement obtained from the high-speed camera.

Bezting of the center and side windows was accomplished by applying
the proper voltage to the Electropane heating unit contained in the outer
panels through a 400-cpa L.BKVA inverter and heat control unit, This power
8upply arrangement 1s similar to that which will be installed in the DC-6
alrplane and 18 designed to keep the heated windows et an average temperature
of 110° ¥. 1In the actual DC-E airplane, heat from the outer window Electropane
w1t 18 expected to produce vinyl temperatures of €5° F. to 100° F. 1n the
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interior center- and side-window penels. The cockpit was heated to desired
temperaturea by electrical heating units.

Windov temperatures were obtained proor to each test from
thermocouples attached to the glass faces of the test penels by means of
masking tape., Vormally, temperatares were determined for the center and
gide windowas at a poa:ztion opposite the sensing clement, at one or two ran-
Gom positions on the outside face of the exterior panel, and at the expected
impact point on each of the four glass faces. Temperatures for the clear-
viev window cesign incorporating an interior glass-v-nyl-glass panel were ob-
tained at the geometric center of the anner gless face end in the airspace
separating the two paneis. Cockp:rt temperatures normally were obtained from
a thermometer located adjacent to the inner Fface of the interwor peael being
tested. Cockprt temperatures only were recorded during teats of the clear-
view window 1ncorporating two panels of stretched Plex-55. Outside air
temperatures were recorded for sach test.

TEST RESULTS

Baslc data pertaining to the individual impact tests are presented
in Table IITI. The results of the testa are as follows.

Test No. 3-1.%

The carcass hit the window about one inch below the target point.
Both the outer and inrer window panels were peneirated by = major portion of
the carcass, No failure of tne s1ll or reteining structure occurred, Most
of the carcass which penetrated the window passed to the right of the pilot,
although a few particles impinged upon the piloi's l'ece, chest, and right
shoulder area. Three partaicles of full-tempered glags avout 1/#—1nch on edgs
penetrated into the raght shoulder of the pilot. The outer coxner of the
right glesc lens in the goggles worn by the pilot was broken by flying wind-
ghireld fregments, and glass particles irom this lens impinged upon the p:lot's
cye aocket area. There was no left lemns 1n the goggles. Small particles and
slivers of semitemvered glzss impinged lightly upon the pilot's face, cnest,
and gshoulder area. The copilot was struck by numercus small perticles of
semitecmpered glass, but none were imbedded deeply in the c¢lay and could be
removed by gentle brushing. Upon examination of the vinyl failure which oc-
curred, 1t was determined that the window was not properly heated when tested,
The control box for the Electroponc heating units then wee examined, and 1t

¥The numeral "3" 1s a test series number pertaining to all the tests
reported herein  The numcral "1" 18 the test number.



was found that 1t was not operating proverly. In final anelys's, this was
not considered to be a velid test of the impact strength of the side window
and supporting structure because of the low vainyl temperature. Results of
this test are showm in Figs, 9, 10, and 1l.

Teat No. 3-2.

The carcass hit aboul one i1nch below the target point. MNone of
the carcass peneirated into the cockpit area. The vinyl in the exterior
window panel sheared for a length of 11 inches along the 1nboard edge, for a
length of 11 inches along the top edge, and for a length of 8 inches along
the cornerpost edge. There wes no failure of the vinyl iIn the interior wWin-
dow penel. No failure of si1ll and retaining structure cccurred. The upper
center doubler plate for the outer panel warped outward sbout 1/8-1nch. Fipe
sharp-cdged particles of semitenmpered glass from the aft face of the inter.or
window panel impinged vpon the pilet's face below eye level and upon his
clothing in the chest area. None of the glass imbedded :n the expogsed clay
parts of the pilot's body; that 1s, the face and neck, and no penetration or
tearing of the c¢loth shirt cccurred, The sun glasses worn by the pilet re-
mained intact and undemaged, Results of this test are shown in Figs., 12
and 13.

Test No. 3-3.

The projectile hit ahout two inches below the target point. Ilone
of the chicken carcass penctrated inte the cockpit area. The exterior win-
dow panel vinyl tore for a lengtn of foar i1nches along the top s1ll metal
insert towerd the upper left cormer and downwerd about four inches aleng the
cornerpost 2111 metal ansert, as shown 1n Fig. 14. The vinyl in the interior
window panel failed primarily along the cornerpost edge, as shown in Fig. 15.
The relative positions of the two vinyl brecks were such that penetration by
the bird carcass was prevented. The interior panel vinyl temperature was
lower them optimum for maximum impact strength, which apparently resulted in
the fa:lure of this interlayer., The palot's face was pelted slightly by
flying gless. At the level of the pilot's upper 11p, small slivers of glass
imbedded about 1/64-inch in the clay. Ome 3/5-inch-long sliver of glass im-
bedded 1tself about 1/64-inch along the left side of the bridge of the pilot's
nose, The sun glasses worn by the pilot remained intact and were not dem-
aged 1n any manner. The pirlot 1s shown i1n Fig. 16. Numerous smell particles
of semitempered glass impinged upon the clothing of botk the pilot and copilot.,
None of these penetrated the cloth.

Test No. 3-L.

Penetration of a slight amount of chicken-carcass entreils was
experienced as the vinyl tore for a length of 1% inches along the top sill
metal insert of the exterior window panel, =8 shown 1n Fag. 17. A piece of
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the interior window panel about 13 inches wide and 13 1/2 Jnches long tore
out, as shown in Fig. 18. Apparently, this ponel was too low in temperature
for maximm impect strength., The location of the breaks in the exterior and
interior penels woo such that the smoll emount of carcass which penetrated
the exterior panel was almost entirely contained oy the interior panel, The
piece of the interior window which tore out was propelled aft between the
pilot end copilot to a location near the aft bulkheed of the cockpit struc-
ture. Small particles of gless impinged upon the pilot's and copilot's
clothing, but none penetrated. The semitempered glass from the aft face of
the interior window and full-tempered glass szndw:ched vetween the penels
was propelled predominantly in a plane normal to the window and downward
into the aisle between the p:lot and copilot., Fo glasg wao propelled at
elther pilot or copilet at eye level, end the glasses worn by the two clay
figures were imdamaged. No apparent demoge to tne window sllls was noted,
although the top center doubler plete reteining the outer window was warped
outward slightly.

Test No. 3-5.

The chicken carcass struck about two inches below the target point.
The vinyl 1n both the exterior znd interior panels tore for a length of nine
inches along the upper metal insert paresllel to the top sill, as shown in
Figs. 19 and 20. This failure was located predcminantly at the left center
portion of the window. Part of the bird carcass extruded through the tear
1n the vinyl interlayers. The right shoulder zrea of the pilot was struck by
particles of semitempered glass and bird corccss as shown in Fig. 21, but
none penetrated the ¢lothing of the pilot. The gmell amount of glass which
deperted from the aft face of the interieor panel was propelled predominantly
dovmwerd between the vilot and copilot. The upper doubler retaining plate
for the exterior w.ndow panel wes bent upward end inward as four top s1ll
bolts failed., Failure of the interior panel during this test apparently was
due to & low vinyl Interlayer temperature.

Test No. 3-5.

The chicken carcass hat sbout 1/2-inch below the target point.
None of the carcmss penetrated into the cockpit crea as the interior window
panel remained intact. See Fig. 22. The vinyl nulled away from the metal
inoert of the exterior window panel for a length of nine inches along the
top edge, as shown in Fig, 23, The metal insert cracked for a length of
seven inches along the top edge of the exterior window panel, The small
emount of glass which deperted from the aft foce of the interior window ponel
w28 directed predominantly downward end normal to the planme of the window.
A few particles of glass impinged upon the lower faces of the pilot and co-
pilot, but did not penetrate the ¢ley. Figure 24 shows the pilot after this
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test. One-half of the upper doubler plate tore free as four retaining bolts
failed. After this test, 1t was noticed that the upper s:ll ccge was bent
1nward ebou® 1/4-1nch.

Test Wo. 3-7.

Upon impact, the window opened as the latching mechanism failed
and the window swung inward about the upper and lower forward track retaining
points, allowing a considerable pcrtion of the bird carcass to enter the
cockpit aft of the copilot, The copilot was hit a severe blow 1n the back of
the heed a8 the window frame swung inward., DNevther the exterior nor inter:ior
stretched Plex-55 window panels ruptured. The window frame cracked just for-
ward of the upper aft corner at a location which had been wealkened by ma-
chining a clearance recsss for a latching mechaniam nut. High-speed pictures
of the test indicated that the window frame was forced open by hydraulic
action of the carcess at the upper aft corner, end subsequent warping of the
vindow frame amllowed the upper and lower window letches to slip from their
normally closed positions. Results of this test ere shown in Fige. 25, 26,
and 27.

Test No. 3-8,

The carcass hit zoout two inches helow the torget point. A
considerable mmount of bird carcass entered the cockpit area, The vinyl 1n
the exterior window separated from tae metal edge attachment, then tore for
a length of six 1nches neear the upper sill, continuing around the corncr and
downward elong the cornerpost sill for a lengith of five inches, as shown in
Fig. 28, The penetration of the bird then tore the vinyl interlayer of the
1ntericr window for a length of five inches along the upper a3i1ll and con-
tinued around the corner end downwerd along the cornerpost sill for e length
of six inches, as shown In Fig. 29. A second tear i1n the interior panel
vinyl five inches in length end slaghtly outboard of the first tear con-
tributed further to the failure. The copilot was struck directly in the
Tage and upper chest area by burd entrails and particles of semitempered and
Tull-tempered glass, as shown in Figs. 30 and 31, The glags particles had
gafficrent energy to imbed themselves 1h the clay face of the cop:lot and
benctrate through the cloth shirt and imbed themselves in the left shoulder
erea, The sun glasses worn by the copilot werc severely demaged as the gless
lenges were broken and particles of the lenses were driven into the eye
gsocket area. Tt appeered that most of the damnge to the copllot was caused
by the full-tempered glass nuggets which were relecesed by farlure of the in-
terior window, Inspection of the break in the vinyl interlayers indicated
that the vinyl in the area of the failure was at a lower temperature than
that required for best resulta.



Teat No., 3-9.

The chicken cercass hit two inches inboerd of the target point,
None of the bird carcess entered the cockpit area, The vinyl interlayer
in the exterior window tore for & length of five inches fram the upper out-
board corner downward parallel to the cormerpeost sill., There was no vinyl
fellure of the Interior window panel. Relatively few particles of semi-
tempered glmss departed from the aft face of the interior window panel. The
glass which was accelerated rearward struck the pilot in the face from the
neck level up to the point of the nose, The right lens of the pilot's gog-
gles was scarred slightly by flylng glass but remained undamaged otherwise,
The lens meterlel was cut from 0.020-1nch-thick cellulose acetaie sheet.
The edge of the upper outer doubler retainer for the exterior panel was
warped outward slightly. Resulte of this test are shown in Flge. 32, 33,
and 3L,

Test Ng 3-10.

Prior to thila test the aft edge of the window frame was held.
rigidly in place by incorporating a retaining bar mounted as shown in Fig. 6.
Upon Impact, both the interior and exterior outer stretched Plex-55 panels
shattered, allowing partial penetration of the carcass, As the carcass
traveled rearward, it forced the aft doubler plate outward and the aft win-
dow freme inward. As the doubler plate bent cutward, bearing failure of the
doubler plate In combinetiom with tension feilure of the bolis fastening the
aft window frame retaining bar allowed the retaining bar to fly inward behing
the pilot. HNone of the pleces of Plex panels which were shattered struck the
pllot, because the pieces that entered the cockpit area were directed aft and
outward toward the aisle passing behind the pilot. That part of the carsass
which impinged upon the left side and back of the pilot extruded into the
cockplt between the aft post snd the window frume. The force of the lmpact
moved the window frame slightly rearward, disengeging the lower forward hook

and forward retelning ber, Results of the test are shown in Figs. 35, 36,
and 37.

Test No, 3-11,

1 The carcass struck sbout three inches below the target point, A

. 8light amount of the bird carcass entered the cockpit area and passed between
the pilot and copilot positions., The exterior window failed as the vinyl
interlayer pulled away from the metel insert for a length of 13 inches from
right center into the upper left corner of the window. This failure con-

| - tinued around the upper left corner and downward a length of five inches

| parallel to the left centerpost sill, as shown in Fig, 38, The vinyl in the

| Inner window failed in such a menner that e large circular-sheped glass-vinyl-
\gla.aa flap, approximately 12 inches in diameter, and hinged perallel to the
|
|

right centerpost sill, was formed. B8ee Fig. 39. The failures of the two
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vinyl interlayers werc so pesitiored with reapects to esch other that the bard
carcass which entered the cockp:t was turned S0° downward fram 1ts line of
flight. Smell perticles of glasa impinged wpon the pilot and copilot, bul dzd
not imbed themselves -n the clay. Most of the glass which departed from the
window was directcd dewnwerd between the pilot end copilot pesitions. Farlure
of the exterzor window cppearcd to be due to faulty rfobriacation. Apparently,
fnilure of the intericr window was ccused partiy by 1ts 1nability to absorb
tae added amount of energy imported to .t when the exterior window failed
excesaively, and partly by 1ts belov-mimimum vinyl temperature,

Test No. 3-12.

Kone of the bird carcass entered the cockpit area. The vinyl
interlayer of the exterior window fazled in the upper outboard corner as the
vinyl delaminated Tfrom the metal insert for a lewgth of five inches along the
top s31ll ané the metal -nsert sheered for a length of four inches downvard
2long the corncrpost sill, cs sho'm in Fig. 40, There was no failure of the
mterior window interlarer. Sce Figs. 41 and 42, dost of the semitempercd
glass of the aft Tace of tne interior window remained lominated to the vinyl.
A portion of this glags which was accelerated rearward by the impact struck
the palot's face from chin level 1o eye level. The goggles worn by the pirlot
remained intect, although ooth of the 0.020-inch-thick cellulosge acetate
lenses were scarred somewhat by flylng glass particles. One or two slivers
of glass were imbedded about l/h-lnch in the exposed clay at the pilot'fs cye
level., 3Sce Fig. 43. Most of the glass particles which impinged on the
prlot's face hat 1n a flot position and werc imbedded approxiumately thear
own thickness, about 1/3£-inch, There was no apparent demage to the sill
structure, cxcevt for an ouatwerd warping of the vpper outboard doubler plate
for the exterior windcw.

Test No, 3-13,

The carcass hit two i1nches inboard of the target point. None of
the bird carcass entered the cockpit, The exterior winfow pancl failed as
the metal insert shecred along the top edge for a length of five inches toward
the upper outboard corner, and the vinyl shcared along the cornerpost edge
downward z length of eight inches from & point two inches inboard of the upper
o.thozrd cornmer, as shown in ITig. 44, o vinyl failure of the nterior win-
dow panel occurred. Sce Figs. 45 and 46. Numerous particles of scmi-
tempered gless which departed from the aft face of the interior window were
directed toward the pllot's fuce from chin to eyebrow level. The glass par-
ticles, wnich were sliver-like with shorp edzes, penetrated into the clay
about l/32-1nch. Tne pilot's goggles remained intact except for numerous
scratches on both of the 0.020-incn-thick cellulcse acgetate lenses caused by

flying class perticles., See Fig. 47 for the glzas- impingement pattern on the
nilot's face.
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Test No. 3-1k.
Pert of the bird corcoss entered the cockp:rt srea as the vingl

wmteriayer metcl insert laminates in both the .nterior and exter.or window
panela failed. The exterior window metal inscrt failed in bending and
sheared for o length of cight incnes along the top edge towurd the left cor-
rer of the window and downwvard zlong the left corncrpost edge a length of
eight inches. In add=tion, the vinyl tore and delaminated from the metal
1nsert for a length of 12 inchcs along the top edge of the window 1lnto the
upmer left corner. This failure 1s shown in Fig, L8, The viryl interlayer
of the interior window delaminated from the metnl insert for & length of ten
inches along the upper edge into the left-hand cormer and downward fron the
corner a length of eight inches, as shown in Fuig. 49, The predominant cause
of this failure was due to del-wmaration of the vinyl from the metal insert
of the interior window which 18 considered to be a defect in this window.
The part of the carcass which penetrated the windshield continued aft between
the pilot amd copilot positions as d-d the flraing glass departing from the
windshield., A few particles of bird entrails and glass impingsd upon the
pilot's face as shown in Fig. 50, but the energy of these particles was low
and cansed no damage. Three-fourths of the externel window pancl doubler
retzining plate deperted from its Tixed position os eight retaining bolt
heeds fa:led in tens:on, snapping off the hecds, The upper sill lap for the
exterior window ponel was deformed inward slightiy.

Test No. 3-15.

There was no penetration of the window. The exterior window paonel
metal ingert failed in bending for a length of eight inches aolong the wpper
edge into the upper left cormer and then dowaward for o length of five 1aches,
and the vanyl sheared for a length of four inches parallel to the top sill of
the window at the edge of the upper metal insert, os shown in Fig. 51. The
vinyl of the interior window panel resisted penetrmtion, as shown in Fig. 52.
A few finkes of glass impinged on the pllet and copzlot but no penstration
in the clay was observed, Only = relatively small emount of semitempered
glrga departed from the aft foce of the interior window panel, One-third
of the external snndow top center retaining platc tore loose as the four re-
toining bolts falled in tension., Thia test produced = 3/16-1nch pernanent
get in the upper sill lip for the external window.

Tcet No,. 3-16.

Prior to this test the method for retaining this window was
revised to incorporcte twice the nurber of bolts, every other bolt fastening
the retaining bar directly to the aft post flange only, as shown in Fig. 53.
In addition, heat was appl-ed to the interior glzgs-vinyl-gless window panel
by heating the cockpit area to a temperaturce of 100° F. Upon 1mpect, the
external stretched Plex-55 window panel failed, as shown in Fig. 54. The
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interior glagss-vinyl-glass window panel res:sted pemetratlon, as shown 1n
Fig. 55. A emall amount of bird-cercass eatra:ls extruded through, between
the tindev 511l 2nd the w:ndow frame near the upper aft cormer. Hydraulic
action of the bird carcass forced the aft doubler plaile outward, smapping
off one bolt head, A few smell particles of semitempered gless from the aft
face of thke interior window panel impinged upon the left side of the co-
»1lot's face, as shown i1n Fig. 56, but only two smell particles imbedded
themselves 1n the clay to eny degree. The cop:ilot'’s goggles were undemaged
There was no indication that any glasas had ocen propelled at the copilot

gt eye level,

Teat No. 3-17.

The bird carcass struck slightly below the target point. The
fuselage was dented inward about one inch forward cf frame station 123. The
0.051-1nch-thick aluminum skin tore horizenially % 1/2 inches along the
forward frame edge eand lomgitudinally 1 1/2 inches forward of the frame.

Nane rivets attaching the akin to the frame fa.led. The deck of the airplane
waa deformed guite noticeably from the point of impact aft to the window sgill.
The freme susiained a tear through its flanged radius downward 2 1/2 inches.
Three lower aill window retoining 1L/4-inch bolt heads failed. Both the for-
ward semitempered glass face of the external side window snd the aft semi-
tempered glass face of the interior side window were cracked severely by the
impact. The forward fzce of the externel side-window panel was cracked
prior to the teat, but sustained additional damage during the test., No

glass deported from the aft face of the inter:ior window. A very small
amount of carcasa extruded through the tear 1nh the skin end impinged upon
the copilot at wmist height. Results of this test are ghown in Figs. 57

and 58.

Test No. 3-18,

The bard carcass hit near the forward edge of the window frame,
which would be considered the critical strike cree as far as flying glass 1o
concerned. The extermsal Plex-55 window panel failed as shown in Fig. 959.
The vinyl of the interior window did not fail, preventing penetration. See
Fig. 60. A small portion of the bird carcass extruded through the atructure
between the window frome and aft post into the cockpit., The window frame
cracked near the upper aft hinge polnt as in Teat No. 7. The aft frame
fized retainer remained intact., The center section of the aft outer doubler
facing plate bowed outward as in previous tests of this window, and two re-
taining bolt heads failed in tension. Numerous gemitempered glass particles
from the aft frce of the iInterior window impinged upon the left side of the
p1lot's head from neck level to sbove the laoft ear, &8s shown in Fig., 61,
Only two of these particles were imbedded to cny degree 1n the cley. The
pilot's eye area was untouched as the gogzled with 0.020-1nch-thick plasgtic
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lenses remained undemagcd, The glass spatter pattern ind:cated that very
few glase particles were directed tovrard the p1let's eye area.

Test No. 3-19.

For this teat, the interior glass-vinyl-glasa panel for the clcar-
view window was reduced 1n temperatare to nearly 45° F to determine whether
a lower temperature limit cxtrapolation relative to penetretion veiocity
could bte applied to the window, Upon iupact, part of the carcass entered tae
cockp-t 8 the extermal stretched Plex-55 penel shattered, as shown 1n
Fig. 62, and the interior panel vinyl interlayer failed, as shown in F.g. 63.
&bout cne-gquarter of the interlor window panel tore loose and was forced in-
vard and to the rear of the cockpit, missing the pilct., The window frame
cracked just forward of the upper aft cormer ns 1 two previous tests of
thas window (Tests Nos. 7 and 18). The upper hainged window fraze retoiner
falled partially, and the aft fixed retaining ber fziled :n bending and di-
rect tension, The copilot was struck on the right side of the face and neck
area by small zem:tempered gless particles and bird-carcass entrails, as
shown in Figz. 5. Most of the glass merely impinged upon the ¢lay with
little or no penetration.

Test Ho. 3-20,

The clear-view window used in thrs tecat incorporated a flat,
1/h-1nch-thick Plex shield mounted approximately 1 .nech inboard of the 1n-
terior stretched Plex-55 prnel  Upon impact, =1l three FPlex pancls shet-
tered, allowing part of the bird carcass to enter the cockpit area, The aft
window frome fized retaining bar failled completely 1n vending and tene:om
28 the aft window edge was forced inward. None of the remzining window-
frame retainers failed, The left side of the pilot's foce was marked 1n one
or two places where pieces of Plexiglas had struck. In addition, the left
g1de of the pileot's face was struck by numerous particles of bird-cazrcaas
entrails. The plrlot's goggles were untouched by flying window fragments,
There was one gash about 1 1/2 inches long and 1/2—1nch deep 1n the back of
the pilot's hend on the left side, indicating that one large piece of
Plexiglas had been hurled in that d.rection. The Plex shield was totally

destroyed by the impact, Results of this test are shown in Figs, 65, 66,
and 47.
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CONCLUSIONS

Center Window (vinyl interlayer 0.30-1nch thick in both exterior and
interilor panels).

1. This window, ¢omns:isting of two panels, Douglas Aircraft Co,.
Drowings Noo. 5615219, Revision A, and 5616240, Revision A, will prevent
the peretration of & L-pound bord et o mex.mun impzct velocity of 425 mph
provided both the exterior end interior panels arc maintained at 2 minimum
temperature of 110° F. This window deszgn will prevent pemetration et 4oo
mph provided & minimm temperature of 100° ¥, 18 meinteined 1n both panels.
As noted in Tests Nos, 4 and 5, slight pemetrstzon did cecur due primarily
to failure of the interior panel, which in both cases was below minimum
temperature for best results. The penetration velocities indicated above
are for = strike near tae upper outvocrd corner, the critical strike
locaticn for this window.

2. TFor a bird strile ot any position on this window at ¢ velocity of
425 mph, no appreciable hazard frem flying gless particles 1s presented
pilot personnel. The rclatively few fire particles of semitempered gloss
vhich were propelled from the aft face of the intecrior pemel were directed
predeminantly dcwnward normel to the plane of the panel and between the
pilot and copilot. This window 13 located 1n such a position, relative te
the pilot and copilot, that in the event of pcnetretion of pert of the bird
carcass resulting from frilure of the interior panel, a2 occurred during
Test §o 5, no appreeiable haZord to the pilot or copilot exists.

Center Window (vinyl interlayer 0.36-inch thick n both exterior znd
interior panels).

1. This window, consisting of two pancla, congtructed as shown in
Douglas Aircraft Co. Drowings Nos. 5993529, Revision B, and 5593545, Revision
B, will prevent the penetration of 2 4-pound bird carcass at en impact veloc~
1ty slightly greater than 460 mph for a strike noar an upper outboard corner
provided that both the exterior and interior wandow pancla are maintained at
a minimum temperature of 110° F, The regults of Tests Noa. 14 and 15 form
a basis for this conclusion, Based on the results of Test No, b, 1t us
further concluded thet thia window design will nrevent peretrction in the
event of an upper outbourd corner birfi strike at LOO mph provided that the
exterior and interior window panels are ma:ntained at a minimum temperzture
of 100° F. The upper outboerd strike position is criticel Tor this window.
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2, Tor a bird strike at eny positzon on this window at an impact
velocity as high as 360 mph, no appreciable hazard from flying glass frag-
ments 18 precented to pilot personnel. The relatively few fine particles
of semitempered glass which are propelled from the aft face of the interior
penel are directed predcminently downward normal to the plane of the panel
and between the pilot and copilot, as shown in the results of Test No. 15.
Test No. 15 involved an upper outboard strike location which is the critical
impact position on this window from & glass-fragmentation viewpoint.
Furthermore, 1t 18 significant to note, as evidenced from the resdlts of
Test No. 14, that penetratzon of the window at a criticel strike locatiomn
by a part of the bird carcass at a velocity of 466 mph, produced no serious
fraguentetion bazard to either the pilet or copzlot.

Side Window (vinyl interleyer 0.30-inch thick in both the interior and
exterior panels).

1. Thas window, consisting of two panels, congtructed as shown in
Douglas Aircraft Co. Drawings Nos. 5616275, Revision B, and 5616353,
Revision A, 1s cons-dered to be capable of preventing the penetration of a
l-pound bird cercasa at en impact velocity of at least 425 mph for an upper
outboard corner strike position, provided that a minimum temperature of 110°
F. 18 maintained in both pancls, Thils ig based upon analysis of the results
of Teats Nos. 1 through 5. Upper outboard corner impact tests were not
conducted on this window beyond a velocity of 364 mph, Based on the results
of Test No., 3, this window will prevent penetration at a velocity of 394 mph
rrovided both exterior and interior panels are maintained at a minlmum
temperature of 100° F.

2. TFor a bird-strike velocity of 425 mph with the strike occurring
at an upper outboard corner, fine glass particles from the aft face of the
interior penel of this window are directed toward pilot persomnel below eye-
level position, This is M@~ upon the results of tests conducted on side
windows comtaining 0.36-1inch-thick vinyl interlayers,

Side Window (vinyl interlayer 0.36-inch thick in both the interior and
exterior panels).

l. This window, consisting of two panels, constructed as shown in
Douglas Alrcraft Co. Drawings Nos. 5593704, Revision B, and 5593703,
Revision B, will resist the penetration of e L-pound bird carcass at en im-
pact velocity slightly greater than 482 mph for a bird strike near the upper
outbosrd corner provided & minimum temperature of 110° F. is maintained 1n
both the exterior and interior panels. The upper outboard corner 1s a crit-
1c2l strike location for this window. This window will resist penetration at
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425 mph for en uppcr outboard atrike position, provided that s minimum
temperature of 100° F. 18 maintalned in boibk the exterior end interior
panels. These conclusions are based upon the results of Tests Nos. 9 and 13.

2, TFor a bird strike near the upper outboard cornmer at a velocity es
low as 425 mph, glass fragments are propelled toward the faciel areas of the
pilot personnel. This does not appear to congiitute an appreciable danger
to them, however, until e velocity of 448 mph is reached. At th.s velocity,
tne glasg-impingement pattern on the pilot extended from eye level to neck
level. At a velocity of 482 mph, the flying glasd impingement is similer
to that experienced at 448 mph, but both the velocity and emount of glass
particles impilnging upon the pilot increased noticeably. As noted from the
results of Tests Nos, 9, 12, and 13, the goggles worn by the pllot protected
his ere area at all test velocities where no penetration occurred, These
three tests involved upper outboard corner impects, whaich 13 the critical
strike position on this window relative to windshield fragmentation,

Clear-View Wiadow,

1. The window desigh incorporating two stretched Plex-55 panels as
shown 1n Douglas Aircraft Co, Drawing No. 50LG4ST7, Revision A, failed in
Test No. 7 at a bird-strike veloc.ty of LOO mph. The window frame cracked,
allowing the window to unlatch and swing inward into the back of the co-
pi1lot's hemad., Thig design was revised by adding a faixed ber which rigidly
retained the aft window edge, as shown in Fag. €. The design, as reviged,
failed during Test No. 10 at 386 mph a8 both acrylic panels shattered. The
penetration veloc.ty of this window 1s considered to be well below 386 mph.

2. Flying window material from the stretched Plex-55 double-panel
window did not strike the pilot during Tests Nos., 7 and 10. The Plex frag-
ments, which were propelled inward, passed behind the pilot's head position
toward the center aiale of the cockpit.

3. The window deasign incorporating an exterior stretched Plex-55 panel
and an 1nterior glass-vanyl-glass panel, as shown in Douglas Aircraft Co,
Drawings Nos. ~5f15112, Revision &, and 5513987, Revision C, respectively,
will resist penetration at 448 mph provided the vinyl interlayer of the in-

erior parnel 18 malantained at a temperature equal to or greater than 105° F.
and an aft window-frame latch equal in strength to the fixed retarner shown

in Fag. 6 18 installed. This is besed upon the results of Tests Nog. 16
and 18,
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%, At k48 mph, flying gloss from the design incorporating a glass-
vinyl-glass interior penel struck the side of the pilot's face when & bird
gtrike occurred near the upper forward edge of the w.ndow. This 1s a critical
ptrike location for this window relative to glass fragmentation. The pilot's
eye arem was Torward of the glass-impingement patlern om the pilot's head,
end the velocity of the glass particles was quite low, as shown in the
resvlts of Test No. 18.

5. The window design incorporating two stretched Plex-55 ponels and a
l/h-lnch-thick Plex protective shield mounted inboard of and parallel to the
interior panel, as shown 1n Douglas Aireraft Co. Drawings Nos. 5616#5?,
Revision A, and EO 5654977, proved to be more hazzrdous to pilot personnel
than did@ the same window with no shield. Upon impact at 386 mph dur:ng
Test No. 19, the Plex shield shettered completely and one or more Plex-55
frogments struck the back of the pilot's head with sufficient energy to

indent tne clay with a gosh 1 1/2 inches long, 1/2-inch deep, ond 1/4-1nch
in width,



7,16 19 v TABLEL
+ COPILOT Position of Impact
8 EYE POSITION
.f 17 CENTER Test No Window Velocity Results
WINDOW (See 4) {rnph)
SIDE 1 S- 408 Penetration
| 4~..\|~+5. WINDOW _% 2 5 401 No penetration
PILOT EYE B 3 5- 394 (1) No penetration
5, 6, 11 >+ 19 TN POSITION 4 c 426 Slight penetration
14, 15 FUSELAGE STA 5 C 393 Penetration
—Lo 160 5 IN 6 C 405 No penetration
1, 2 + 7 cv 400 (2} Penetration
+ 8 ] 424 Penetration
3, 9,12, 13 CLEAR-VIEW 9 S 425 No penetration
WINDOW 10 cv 195 Penetration
+ 11 C 444 Shght penetration
10 18, 20 12 3 448 Nao penetration -
13 S 482 No penetration
14 C 466 Penetration
15 Cc 460 No penetration
AFT WINDOW 16 cv 404 (3) No penetration
PLOTTED POINTS 17 Forward Deck 490 No penetration
INDICATE APPROXIMATE 18 cv 448 (3) No penetration
LOCATION OF CARCASS 19 cv 435 Penetration
IMPACT 20 (Y 386 Penetration

EYE POSITION (1) Vinyl in both inner and outer windows was torn, but none of bird carcass
ELEVATION entered cockpit area

{2} Window latches failed allowing penetration

(3) Small part of bird carcass entered cockpil by extruding between window frame
and aft s1ll

(4) 5 = s1de window, C = center window, GV = clear-view window

58 297 [N

[e— 61 1/2 1IN ——I

FUSELAGE REF PLANE

COCKPII FLOOR




Draving
5612643
5613067

n61he2l

5616240
5593529
5593546
5616275
5616353
5593704
5593703
5613217
5613987
5613215
5615112

5616457
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TABLE 1
DOUGLAS DRAWINGS
Title
Enclosure Lssembly Fuselage - Windshield Test
Enclosurce Instellation - Coclpit Upper S5ilis
Enclosure Installatzon - Cocikpit Lower S5i1ls
Test Installation - Windshield Panel and Sills

Penel Assembly - Cecnter Windshreld - Outer

Panel Assembly - Center Windshield - luner
Panel Assembly - Center VWindshield - Outer
Panel Asscembly - Center Windshield - Ianers

Panel Asscmbly - Side Windshield - Quter

Panel Assembly - Side Windshicld - Innor
Panel Asscerbly - Side Windshilld - Outer
Panel Asscmbly - Side Windshicld - Inner
Window Assembly - Pilot's Clesr-View
Pancl Asscmbly - QEa.r«Visv Joddov  dilos,
Window Assembly - Pilot's Clzar-View
Panel - Clcar-View Window - Acrylic Cuter

Panel - Clear-View Window - Acrylic

Sheet

Bev.
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TABLE 1L
TEST CONDITIONS AND WINDULW DATA
Test No Date Window Tested DAC Drasing Mumber Alming Projectile Qutside Cockm
(1) Exterior  Interior Foint Veloor y Air lemp T,
Panel Panel {2) {roph} ({ F) (F)
3-1 3726 57 Pilot s side 616275 5616353 Filat's eye 408 3t 65
window Revision A|Revision A pos tion
3-2 3728/a7 Pilot s side 5616275 5616353 Pilot s eye 401 50 a0
= 1ndow Revision A[Rev o on A postiiion
3-3 1/29/57 P lot's side 5616.75 5016353 Upper lef 394 35 81
window Rexision A|Revision A cgTner
A-4 4/1757 Cenler window 561219 5616240 Certer 4’0 52 82
Revicior A|[Revision A
3-5 472787 Certer window 5616 19 5616240 Upper lefi 194 { 43 a’
L Re\gitorrl'i_&eusmn A corner
3-6 4,4/57 Center window 2593529 5593546 Lpper left 405 70 8
Revis on Bl Revis on B corner
3-7 4 5’57 Copilot's cliar- 5616457 5616457 Ceuter oo '8 an
view window Revision A|Revision A
3-8 4'6/57 Copilot s side 5593704 5593703 Upper ~ight 24 53 £
Winaows Revision B|Revision B corner
1-9 4/9,/57 Pilot s side 5593704 5593703 Upper left 425 54 ]
windos Rev 5.0m B|Rev sion B corner
3-10 47/10/57 Piiotl » clear~ 5016457 5616157 Center 395 39 --
view »indow Reviaion A (Revisian A
i
3-11 4713757 Center v ndow 5593229 '5a93540 Upper left g 144 a 18
Revision B | Revisior B corner
3-12 4,/14/57 Filot's side 5593704 5593703 Upper left 148 3 178
window Hevizion B |Revision B corner
3-13 4/15 57 Pilot's side 5593704 2593703 Upper left =82 59 e
window BRev sion B|Revision B corncr
3-14 4/16/57 Center window 5593529 B5935456 Uoper left 460 53 92
Hewvision B |Revision B correr ~
3-15 4/18/87 Center window 5593379 5593546 Upper lelt 480 67 ga
Revisior B [Rewvision B corner
=16 | 4/18/57 Copilet s clear- 5615112 2613087 Center 404 Th 100
| v ew window Revision 4 |[Revision C
3-17 i 4/19/57 Fuselage bhelow - - - 490-- 84 &
copilot s » de
window [
3-18 4721457 Pilot s clear- 5615112 5613987 Center 4498 80 &L
view window Revision A [Revision C
3-19 6/19/57 Copilot's clear- 5615112 5613987 Cen er 435 -- .
- view window Revision A |[Revision C T
3-20 6420457 Pilot 5 clear= 5616457 5610457 Certer 386 70 110
{4) view window Revision A [Revision A

The numeral
4' and so forth

As viewed from 1nside the cockpt

'3

For center and side windows vinyl teriperatire as given

bonded to the vinyl

15 a test series number pertaiming to al the tests reported herewn
15 the test number

dead airspace of tne s11dow and the glass pane on the pilor's side of the panel

Incorporated integral D 25-inch-thick Plex-55 shietd as shown in Fir 7 - Desiton No 3

The nanerzl

s an average of the le'npera ures of the two [ lass sunes
For clear-view w ndows vinyl lemperarures as given are an average of the terrserarur of the




21
IABLE ITT {Conlinued)
LEST COND IIONS AND WINDOW DATA

Test No

(n

Cxtericr Fancl

vinyl Iemperature Datal3)

Interior Parel

Window Pancelni terial

Lxterior Fanel

and Thickness Data
Interior Panel

lemp { F) Temp { F ) (thickness 1n 1inches) (thickness 1o inches)
-1 -—- -—— Outer Face - 0 1875 Semitempered Glass Outer Face ~ 0 375 Full-lempercd C lass -
Interlaye1 ~ 0 30 PVB (21 parts plaslicized) Tnterlayer - 0 30 PVB (21 parts plasticized)
Ilnner Face - 0 50 Full-lempered Gliss Inner Face - 0 125 Semitempered Glass
3-2 102 85
3-3 106 91
3-4 38 82
3-5 100 93
-6 105 111 Quter Face - 0 1875 Semitemperrd Glass Quter Face - 0 375 Full-ternpered Glass
Inlerlayer - 0 360 PVB (21 parts plasticized) Interliyer - 0 360 PVR (/] parly plasticizmed)
Ilnner Face - 0450  bull-tempered Glass Inner Face ~ 0 125 Semitempered Glass
N LY == -—- 0 675 Stietrhed Plex-55 0 525 Sirelched Plex=55
3-8 106 103 Quter Face - 0 LB75 hemilemnpered Glass Guter Face - 0 375 Full-tempered Glass
loterlayer - 0 360 PVB (21 parts plasticized) Inlerlayer = 0 360 IPVB (21 parts plasticized)
fnner *ace - 050 Full-terapere 1l Glass Ilnner Face - 0 125 Sermiternpered Glass
1-9 104 102 "
- ~ .
3-10 -—= --- 0 675 Stretched Plex-55 720 Stretched Plex=55
i-11 103 84 Outer Face - 0 1875 Semitempered Glass Ouler Face = 0 375 Full-lempered Glass
Interlayer - 0 360 PVB (21 parts plasiicized) Interlayer - 0 360 PVH {21 parts plasticized)
N Inner Face - 0 R0 Fkull-lempered Glass Inner Face - 0 50 Semitempered Glass
3-12 111 118 ” ‘1
3-14 114 117 Culer Face - 0 1875 Sermitempered Glass Cuter Face - 0 375 Full-tempe red Glass
Interlayer - 0 360 PVB (2] parts plasticized) Interlayer - 0 30 PVB (21 parts plasticized)
Inner Face - 0 50 Full-tempered Glass Inner Face - 0 125 Semulempered Glass
3-14 110 107 " !
4-15 115 107 ! "
3-16 -—- 105 0 £75 Stretched Plex-55 Quter Face - 0 375 Full-tempered Glase
Intetlaiyer - 0 375 PVB (26 parts plasticized)
Inner Face - 0 125 Semilempered Glass
3I-17 101 101 - ---
3-18 - 104 0 675 Stretched Ilex-55 Culer Face = 0 375 Full-tempered Glass
Interlayer - 0 375 VB (26 parts plasticized)
- _ _ _ . _ Inner Face_= 0 1/5 Semilempered Glass
3-19 - 44 " _‘
120 . - - B 0 520 streteled Plex-55

Ihe numeral """ 12 a 1est series number pertaining to all the lesis reporled herein

'4  and so [urith 15 the test mumber

As viewed fioin insaide Lhe cockpit

The muneral | 2 e

tar center and side windows vinyl lempetalure as given 15 an average of the temperatures of the two glass panes
Fol clrar-view windows vinyl temperatures, as givel, are an average of the temperalure of Lhe
dead arrspace of the window and the glass pane on the pilot's side of the pinel

honided Lo Lthe vinyl

[ncorpourated inlegral O /5-1inch-lhick Plex=545 shield as shown 1 Fiyg

7 - Design No 3




SEMITEMPERED GLASS

VINYL INTERLAYER
2l PARTS PLASTICIZED

0 063 IN - '
] 3/16-IN
L1 lL‘ ! 1 N

METAL INSERT - BOLTING
EDGE COMBINATION -
MATL - 2024 - T3 AL

L FULL-TEMPERED
GLASS

CONSTRUCTION OF CENTER
WINDOW EXTERIOR PANEL

o
noh

METAL INSERT - S0OLTING

EDGE COMEBINATION -
MATIL - 2024 - T3 AL

0 300 IN - REF DAC DWG NO 5616219 REV A
0 300 IN - REF DAC DWG NO 5593529 REV 3

FULL-TEMPERED GLASS

VINYL INTERLAYER
21 PARTS PLASTICIZED

! / (TB/B—IN

4 boog

LI

'— 0 063 IN

) 1/8-IN
—

/
[ SEMITEMPERED GILASS

CONSTRUCTION OF CENTER
WINDOW INTERIOR PANEL

W

=0 300 IN - REF DAC DWG NO 5616240 REV A
=0 360 IN - REF DAC DWG NO 5593546 REV B

FIG 1 CENTER WINDOW CONSTRUCTION



SEMITEMPERED GLASS VINYL INTERLAYER
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CONSTRUCTION OF SIDE
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0 300 IN - REF DAC DWG NO 5616275 REV A
0 360 IN - REF DAC DWG NO 5593704 REV
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0 306 IN REF DAC DW.. NO 55l6353 REV A
0 360 IN REF DAC DWG NO 5533703 REV &

Do

FIG 2 SIDE WINDOW CONSTRUCTION



NAS 333 - CPA - 3/16-IN
DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI
HEAT TREAT - 10 BOLTS

DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

NAS 334 - CPF - 1/4-IN

DIA C'S'K HD BOLTS
160,000 - 180,000 PSI

HEAT TREAT - 10 BOLTS
FASTENING UPFER WINDOW
EDGE - 9 BOLTS FASTENING
LOWER WINDOW EDGE

CENTER WINDOW
EXTERIOR PANEL

DCOUBLER
RETAINER MAT'L
2024-T3 ALCLAD

NAS 334 - CPF - 1/4-IN
DIA C'S'KHD 3Z0OLTS -
160,000 - 180,000 PSI
HEAT TREAT - 10 BOLTS

UPPER SILL STRUCTURE
MAT'L - STEEL 4140 CM
160,000 - 180,000 PSI
HEAT TREAT

NAS 334 - CPF - 1/4-IN
DIA C'S'K HD LOLTS -
160,006 - 180,000 PSI
HEAT TREAT - 11 BOLTS

DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

CENTER WINDOW
INTERIOR PANEL

LOWER SILL STRUCTURE
MAT'L - STEEL 4140 CM
160,000 - 180,000 PSI
HEAT TREAT

NAS 334 - CPF - 1/4-IN
DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI
HEAT TREAT - 11 30LTS

FIG 3 CENTER WINDSHIELD UFPER AND LOWER SILL RETAINING ARRANGEMENTS



DCOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

LEFT CENTER POST
SILL STRUCTURE -
MAT'L 4140 CM STEEL -
160,000 - 180,000 PSI
HEAT TREAT

NAS 333 CPF - 3/16-IN

DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI

HEAT TREAT - 12 BOLTS
FASTENING OUTER CENTER
PANEL EDGE TO LEFT
CENTER POST SILL - 13
BOLTS FASTENING OQUTER
SIDE PANEL TO LEFT
CENTER POST SILL

SIDE WINDOW
EXTERIOR PANEL

NAS 334 CPF - 1/4-IN
DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI
HEAT TREAT - 9 BOLTS
FASTENING EACH
WINDOW PANEL

DOUBLER RETAINER
MAT'L - 2024-T3 I
ALCLAD

3

CENTER WINDOW
EXTERIOR FPANEL

— CENTER WINDOW
INTERICR PANEL

DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

NAS 333 CPF - 3/16-IN
DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI
HEAT TREAT - 13 BOLTS

] | SIDE WINDOW

INTERIOR PANEL

DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

i

LEFT CORNER POST SILL
STRUCTURE MAT'L -

4140 CM STEEL - 160,000 -
180,000 PSIL HEAT TREAT

FIG 4 CENTER AND SIDE WINDSHIELDS LEFT CENTER POST AND
CORNER POST SILL RETAINING ARRANGEMENTS



NAS 334 - CPF - 1/4-~IN
DIA C'S'K HD BOLTS -
160,000 - 180 000 PSI
HEAT TREAT - 11 BOLTS

\

DOUBLER RETAINER
MAT'L: - 2024-T3

NAS 333 - CPA - 3/16-IN ALCLAD

DIA C'S'K HD BOLTS -
160,000 - 180,000 PSI
HEAT TREAT - 10 BOLTS

—=——— NAS 334 - CPF - 1/4-IN
s DIA C'S!K HD BOLTS -
160,060 - 180,000 PSI

4- - 1/4-
NAS 334 - CPE - 1/4-IN HEAT TREAT - 10 BOLTS

DIA C'S'K HD BOLTS -
100,000 - 180,000 PSI
HEAT TREAT - 10 BOLTS

I~

\— UPPER SILL STRUCTURE
MAT'L - 2014-Té BAR

DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD

SIDE WINDOW
INTERIOR PANEL

SIDE WINDOW
EXTERIOR PANEL s
N
ﬂ % N |l ~ —— DOUBLER RETAINER
aN - MAT'L - 2024-T3
|/ ALCLAD

NAS 334 - CPA - 1/4-IN —y|,
DIA C'S'K HD BOLTS ~H-11
160,00¢ - 180,000 PSI 4--|- - "'J
HEAT TREAT - 12 30LTS T

\ NAS 334 - CPF - 1/4-IN
DIA C'S'K HD BOLTS -
DOUBLER RETAINER 160,000 - 180,000 PSI
MAT'L - 2024-T3 --[-| 1 HEAT TREAT - 13 BOLTS
ALCLAD FASTENING LOWER WIN-

N DOW EDGE 12 BOLTS
FASTENING LOWER
DOUBLER EDGE

LOWER SILL STRUCTURE
MAT'L - 4140 CM STEEL
160,000 - 180,000 P51
HEAT TREAT

FIG 5 SIDE WINDSHIELD UPPER AND LOWER SILL RETAINING ARRANGEMENTS



CLEAR-VIEW WINDOW
EXTERIOR PANEL

3/16-IN C'S'K HD BOLTS -
160,000 - 180,000 PSI HEAT
TREAT- 18 BOLTS THIS SILL

AFTER TEST NO 10 -
. 9 BOLTS ADDED AS
7 SHOWN
DOUBLER RETAINER
MAT'L - 2024-T3
ALCLAD
o

CLEAR-VIEW WINDOW AFT WINDOW
INTERIOR PANEL '\ EXTERIOR PANEL

CLEAR-VIEW WINDOW
FRAME - TYPICAL ALL
AROUND

14 IN LONG FIXED RETAINING <,
BAR INCORPORATED ON REAR e
SILL AFTER TEST NO 7 -

MAT'L - 7075-T6 ALCLAD

AFT WINDOW
INTERIOR PANEL

AFT SIDE POST
2014-T6 BAR

FIG 6 CLEAR-VIEW WINDOW AFT SILL ARRANGEMENT
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ACRYLIC SPACER
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STRETCHED FLEX-55
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STRETCHED FLEX-55
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T
| 0 675
1 ¥
' | AIRSPACE 0 260
| o
. 0 525
| 1
|

DESIGN NO 1
REF DAC DWG NO 50l6457 REV D

EXTERIOR PANEL
STRETCHED PLEX-55

REF DAC DWG NO
5615112

/

\ i

VINYL INTERLAYER
26 PARTS PLASTICIZED

METAL INSERT
MAT'L - 2024-T3 AL

SEMI-TEMF GLASS

EXTERIOR PANEL
STRETCHED PLEX-55

AIRSPACE 0 375 '
; 0 375

7 0 375 J

| NIV EE]

0 063

INTERICOR PANEL GLASS-
DESIGN NO 2 VINYL-GLASS - REF DAG
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\ i
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TRANSPARENT | b
ACRYLIC SPACER 0 525
\ 1
INTERIOR PANEL - f
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— Y_ ] 025
—_— —"\_ -J ™~ 4

PLEX-55
DESIGN NO 3

REF DAC DWG NO, 5616457
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FIG 7 CLEAR-VIEW WINDOW CONSTRUCTION



FIG 8B WINDSHIELD TEST COCKPIT MOUNTING ARRANGEMENT



-~ 408 MPH

PROTECTILE VELOCITY

L

FIG 9 TEST NO.1 - EXTERIOR PANEL

1 - INTERIOR PANEL, PROJECTILE VELQCITY - 408 MPH

FIG 10 TEST NO



- 408 MPH

PROJECTILE VELOCITY

PILOT,

] =

FIG 11 TEST NO.

12 TEST NO 2 - EXTERIOR PANEL, PROJECTILE VELOCITY - 401 MPH

FIG



FIG 13 TEST NQ 2 - INTERICR PANEL AND PILOT, PROJECTILE VELOCITY - 401 MPH

FIG 14 TEST NC 3 - EXTERICR PANEL, PROJECTILE VELOCITY - 394 MPH
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FIG. 15 TEST NO 3 - INTERICR PANEL, PROJECTILE VELOCITY - 394 MPH
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- 426 MPH

EXTERIOR PANEL, PROJECTILE VELOCITY

FIG 17 TEST NO 4

18 TEST NO 4 - INTERIOR PANEL, PROJECTILE VELOCITY - 426 MPH

FIG



- 393 MPH

EXTERIOR PANEL, PROJECTILE VELOCITY

G 5 -

19 TEST N

FIG

FIG 20 TEST NO 5 - INTERICR PANEL, PRGJECTILE VELOCITY - 393 MPH



PILOT, PROJECTILE VELOCITY - 393 MPH

FIG 21 TEST NO 5 -

£ - INTERIOR PANEL, PRCJECTILE VELOCITY - 475 MPH

2 TEST NO

FIG
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FIG 24 TEST NO & - PILOT, PROJECTILE VELOCITY - 405 MPH



- 400 MPH

PROJECTILE VELOCITY

QUTSIDE COCKPIT

FIG 25 TEST NO. 7 -

FIG 26 TEST NO 7 - INSIDE COCKPIT, PROJTECTILE VELOCITY - 400 MPH



27 TEST NO 7 - WINDOCW FRAME, PROJECTILE VELOCITY - 400 MPH

FIG

FIG 28 TEST NOC 8 - EXTERIOR PANEL, PROJECTILE VELOCITY - 424 MPH
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FIG 29 TEST NQ 8 - INTERIOR PANEL
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PROJECTILE VELOCITY -

FIG 31 TEST NO 8 - INTERICR PANEL AND COPILOT
424 MPH

FIG 32 TEST NO 9 - EXTERICR PANEL, PRCJECTILE VELOCITY - 425 MPH
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- INTERIOR PANEL,

FIG,. 33 TEST NC 9

FIG. 3¢ TEST NG 9 - PILOT, PROJECTILE VELQCITY - 425 MPH



10 - EXTERICR PANEL, PRCJECTILE VELCCITY - 395 MPH

FIG 35 TEST NC

FIG. 36 TEST NO 10 - INTERIOR PANEL, PROJECTILE VELOCITY - 393 MPH



- 395 MPH

PROJECTILE VELOCITY

37 TEST NO 10 - PILOT,

FIG

FIG 38 TEST NO 11 - EXTERIOR PANEL, PRCJECTILE VELCOCITY - 444 MPH



11 - INTERIOR PANEL, PROJECTILE VELOCITY - 444 MPH
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FIG 40 TEST NO 12 - EXTERIOR PANEL, PROJECTILE VELOCITY - 448 MPH
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FIG 42 TEST NO 12 - INTERIOR PANEL, PROJECTILE VELOCITY - 448 MPH
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FIG 44 TEST NO 13 - EXTERIOR PANEL, PROJECTILE VELOCITY - 482 MPH
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FIG 47 TEST NO. 13 - PILOT, PROJECTILE VELOCITY - 482 MPH

FIG 48 TEST NO 14 - EXTERIOR PANEL, PROJECTILE VELOCITY - 466 MPH



FIG. 49 TEST NC 14 - INTERICR PANEL, PROJECTILE VELOCITY - 466 MPH

14 - PILOT, PROJECTILE VELOCITY - 466 MPH

FIG 50 TEST NO
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~-VIEW WINDOW PRIOR TO TEST

FIG, 53 TEST NO 16 - CLEAR

FIG 54 TEST NO 16 - EXTERIOR PANEL, PROJECTILE VELOCITY - 404 MPH
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- 404 MPH

- INTERIOR PANEL, PROJECTILE VELOCITY

FIG 55 TEST NC 16

FIG. 56 TEST NO 16 - COPILOT, PRCJECTILE VELOCITY - 404 MPH
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FIG 57 TEST NO 17 - QUTSIDE COCKPIT, PROJECTILE VELOCITY - 490 MPH

17 - INSIDE COCKPIT, PROJECTILE VELOCITY - 490 MPH

FIG 58 TEST NO



EXTERIOR PANEL, PROJECTILE VELOCITY - 448 MPH

FIG 59 TEST NO 18 -

FIG,. 60 TEST NO. 18 - INTERIOR PANEL, PROJECTILE VELOCITY - 448 MPH



- 448 MPH

FIG 61 TEST NO 18 - PILOT, PROJECTILE VELOCITY
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FIG 62 TEST NO 19 - EXTERIOR PANEL, PROJECTILE VELOCITY - 435 MPH



- 435 MPH

FIG 63 TEST NO 19 - INTERIOR PANEL, PROJECTILE VELOCITY
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FIG. 64 TEST NO 19 - COPILCT, PROJECTILE VELOCITY =- 435 MPH
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FIG 65 TEST NO 20 - EXTERIOR PANEL, PROJECTILE VELQOCITY - 386 MPH



, PROJECTILE VELOCITY - 386 MPH

FIG 66 TEST NO 20 - INTERICR PANEL

FIG. 67 TEST NO 20 - PILOT, PROJECTILE VELOCCITY - 386 MPH



