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BIRD IMPACT TESTS OF THE 
DOUGLAS MODEL DC-8 AIRPLAD 
EYEBROW AID CLEAR-VIEW wnmows 

IftROOOCTION 

Bird impact tests on the Douglas Model DC-8 ey-ebrov Window and 
redesigned clear-view window were conducted at the FAA 'fecbD1cal Develop
ment Ceater, Indianapolis, IDd., trom Jaauary 13 to Janus:ry 29, 1958, aDd 
trom March 14 to March 21, 1958. The purpose ot the eyebrow Window tests 
was to determine, in terms of impact velocity, the abillty ot thi s Window 
to resist penetration when struck by a 4-POUlld bird carcass. 'fests ot the 
eyebrow wi.dow also were conducted to evaluate structural soundness and the 
possible hazard to the pilot and copilot resulting froa tlying window trag
ments. The purpose ot the tests ot the clear-view Window was to substantiate 
the adequacy ot the electrical heating and the structural changes in design 
ot the window f'raIle and att side-latch addition which were tound to be re
quired as a result ot the bird impact tests conducted in April 1957.1 The 
clear-view window also was tested to evaluate it. glass fragmentation 
properties. A complete resume of the tests conducted during January and 
March, 1958, is presented in Table I. 

The tests were conducted with the assistance of Messrs. Arthur S. 
Lundgren, Edward IColpm, Gray Gunnin, and James LeHew of the Douglas 
Aircraft Co. 

WINDSHIELD IlISTALLATIOlf 

General. 
The cocltpit structure and window panels tested were in accordance 

With Douglas Aircraft Co. drawings listed in Table II. The test article 
was veritied as conforming to these drawings by CAA-designated inspectors, 
Messrs. B. Robinson and B. B. Farnham., of the Douglas Aircraft Co. 

The DC-8 eyebrow window installation tested was a double-panel 
type consisting of a compound-curved exterior panel made of stretched 
Plex-55 and a flat interior glass-vinyl-glass panel baving an electrical 
conductive coating on the inward side of the outer ply of glass. Eoth 
panels were rectangular in shape, having a height of approximately 14 1/2 
inches and width of apprOXimately 12 inches. The exterior stretched 
Plex-55 panel was aounted by bolting the window edge through rubber in
sulated holes and a rubber gasket directly to the outer skin of the test 
structure. The interior panel glass assembly was mounted by bolting the 
extended 6061-T6 metal insert edge directly to the innel'llOst flanges of a 
frame intercostal structural network so arranged to provide a continuous 

1.1ohn BODIDlers, Jr., and Roger C. Pate, "Bird Impact Tests of the 
Douglas Model DC-a Airplane Windshield," Technical Development Report 
Bo. 348, May 1958. 
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bolting sill leaving an air space between the exterior and interior panels. 
This IIIOUDting arrangement and the sectional dimensions ot the Panels are 
shown in Figs. 1 and 2. 

The redesigned clear-view window tested was a double~panel type 
consisting ot a stretched Plex-55 exterior Panel and an interior glass
vinyl-glasspaa.el separated by a 3/8-inch air gap. Both panels were bolted 
in alterDating succession to barrel nuts contained in a movable window 
trame. i'hese two panels were approximately 18 3/4 inches wide by 20 1/2 
inches high I!U1d were curved to tollow the o()Jllt..ou1"of tile· airplane. 1'he 
three basic changes made in this window as compared with the original 
desip consisted ot (1) the addition ot an electrical cOllduct1ve coating 
on the inward side ot the outer ply ot glass tor heating the vinyl in the 
interior paael glass assembly, (2) the addition ot a hook-type latch ex
tending trOlll top to bottom to lock the aft window edge in the closed po
sition, aDd (3) the el1m1nation ot a machined recess in the window trame 
at the upper att corner which contributed to failure ot the trame during 
the 3-7 aDd 3-18 tests conducted in April 1957. Figure 3 is a sectional 
view of the aft sill ot this window which also shows a typical arwange
aent tor mnnting the imler glass window panel. Figure 3 also notes the 
panel thicJaaes8, J),AC part drawing nlDibers, and the production desiga ot 
the latchiag hook incorporated in the window assembly. 

!'be i.terior Panels of both the eyebrow window and clear-view 
w1Ddowe tested incorporated the Libbey-Ovens-Ford nectropl!U1e electrically 
conductive coatings as noted. 

ChaDges IIade During Eyebrow Window Tests. 
'.rhe frame mmiber located at station 159.5, whose innermost 

:flange is the aft sill for the clear-view window panel assembly, vas 
strengthened by nesting two trames s1Jllu1.ating a gauge increase prior to 
Test Io. 22. 1'he Buck Locbolts in the upper sill :frame attach clip were 
chaDged to l/4-1Jlch bolts. 1'h1s change is shown in Fig. 4. Prior to 
'l'est Io. 23, this traae was replaced by installing a DAC tabricated frame 
-a.e trca O.125-inch-thick 7075'!-6 material also nesting a. O.050-inch-thick 
DOl'eJ.1sed chram.ua-IIO~cleDua (chrome IIOly) steel stittening angle which 
vas haBd-t01'W8d at the test site, nested into the outer fiange ot the trame. 
!bis chlmse is shown in Pig. 5. In addition, prior to Test Io. 23, a 
o.091-lDch-tJa1clt 7075-'l6 alclad gusset plate made at the test site was in
corporated to streagthen the interior Panel edge attaclmerlt at the upper 
afi corner. Tbis plate is shawn in the photographic results ot 'l'est Io. 
23. Prior· to'l'ests Ios. 24 and 25, the normalized cm-cae IIOly steel re
1Dforc1Dg angle IIeI1tiOlled abOV'e was replaced by a DAC tabricated 125,000 
1Jao,OOO psi hea't-'treated chrcae IIOly steel angle. 1'he d1IIeDsions of the 
angle ¥ere. chaDged slightly, as shown in Pig. 6. 1'he uterial tor the 
UC tabricated re1Dforcing gnsset was changed to 2024-T3 alclad prior to 
'!'ests lOs. 24 aDd 25. 
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Change Made During Clear=View Window Tests. 
The aft hook steel hinge pin size was changed from O.l30-inch to 

O.l8O-inch diameter prior to Test Bo. 3-28. 

TEST PROCEDURE 

Freshly killed chicken carcasses were propelled at the test 
structure by a compressed air gun. To assure a reasonable degree ot accu
racy ot carcass velocity and. point of 1JII.pact on the target window, the 
chicken carcass was backed by a 6-inch-lons Styrotoam plug 6 inches in diam
eter with a thin plastic disc placed at the aft end ot the plUS. The 
chicken carcass, plug, and disc were placed in this order in a liSht cloth 
bas vh1ch was sewn shut. This arrangement gives the appearance ot a pro-
J ectile approx1mately 6 inches in diameter and 14 inches long. The com
bined weight ot the carcass, plug, plastic disc, and cloth bag was 4 pOWlds 
plus or Jlinus 2 ounces. The weight ot the plug, disc, and bag was 
approx1ately 5 ounces. 

'lbe cockpit structure was positioned so as to llne up the desired 
apact position with the expected line ot tllSht ot the projectile. The 
projectile tllgh1; path was determined by siShting throuSh "peep" sights 
D:mDtecl at both ends ot the gun barrel. 'lbe cockpit base was tastened se
curelJ' to the test-cell bed, and 4- by 4-inch wood members were positioned 
between the pr1Dcipal longitudinal members ot the cockpit and test-cell 
backstop to prevent excessive rearward JDOYeMDt ot the structure. This 
muntiDg arre.ngement is shown in Fig. 7. 

A llte-sized clay tigure was positioned 1D the test article so as 
to represent, as needed, either an actual pilot or copilot body position. 
The clay tigure vas used to evaluate possible hazards f'roa tlying window 
trapents. The clay tigure was titted with goggles during each test and was 
clothed 111 a 1lgh1; cotton shirt. Dulage to the clay tigure was repaired as 
required tol.low:l..ng each test. In add.1tion, during each test a. hiSh-speed 
caBers. was tocused on the inside tace ot the test window to aid in evaluating 
wiDdov _terial tragmentation and to determ1ne the progression ot structuraJ. 
aa..ge. Hereafter, in this report, the clay figure will be reterred to as 
either the ''pilot'' or "copilot." 

Both the eyebrow Y1ndov and clear-view panels were positioned 
genera1.l¥ with respect to the gun barrel to ettect a strike on the geoaetric 
center of' the wiDdows. As noted in the test results in Table I, actual strike 
positiona varied with each test, thereby providing a tairly comprehensive 
coverage ot both windows relative to strike area. 

Telaeity measurements were obtained as the bird carcass proJectile 
broke 'two pairs of' t111e steel Vires positioned apart a distance of' 4 teet 
bewe-en the gun muzzle aDd the target. One pair ot wires was connected to 
a reeord1Dg oscillograph while the second pair of wires was connected to a 
direct-readiDg electroD1c chronograph. A third aethod tor determining the 
velocityof' the projectile consisted ot the tila trame count trom a 



high-speed caaera. This method was employed as a check on the' oscillograph 
and chrODograph. 1a determ1Jl1aga velocity from the t1K1ng-device measure
meats, credeace aormalJ.y was givs to the measuremeats which best repre
seated gtm-caJ.1bration velocities whea oae or more measureJIeats appe.,red 
to be in error. The velocities so selected thea were averaged to determine 
one velocit7 for each test. 

BeatiJlg of the test wiadovs was acc~l1shed by app~Dg the 
proper voltage to the electrically cODductiag fila deposited OD a glass 
surtace V1thiJl the Panel asseab~ beiJlg tested bY' a 4OO-cps 1.51:VA. iJl
Terter &I1d U81Dg a DC-8 production heat-control UD1t cOl'lllected to a tea
perature seJlsitiTe sensiq elemeDt built ato the 'Vi.ql 1B.terlaY'er of the 
paDel. !hi8 pover-npp~ a1'1'lmgeaeD.t is 8iJll1lar to that which nll be ia
stalled 1a the DC-8 airplaD.e &J:Ld is desiped to keep the cstrol point ot 
the coaductiTe coatiJlg OIl the heated Y1Jldow8 at ea aTerage te.perature ot 
110· F. Ifhe cockpit interior was ~nta1aed at a teJlQ)erature ot 15· F. bY' 
aUX1l1a17 electric heaters which were themostatical11' controlled. 

__brow w:l.J1doY tellrPeratures were obtaiaeel prior to each test traa 
therJlOC0IIP1.s attached to 'the tace8 ot the exterior &Il4 1B.terior panels by 
.... or -8k1Di tape. !'.he the1w>eouples were placed at the paaetric 
center ot tJae outer &1l4 1Imer taces ot the exterior stretcJlecl Plex-55 paDel 
ad. the 1ater1or glass-TiJQ'l-glaSB pael a8seab~. Als., oae ther.Mcouple 
vas placed _ t1le outside taee ot the glas8-viDyl..sJ,a•• paael a.8eJ1b~ 

cl1rect~ opposite the sensiq-eleaeat control. !'.he loeatioa ot these 
tlaemocoa;ples is &hom in Fig. 8. 

Clear-Tiew v1adoV teIQeratures were obtained trca themocouples 
attacU4.. at tile paletric centers ot the outer tace 'ot the exterior 
stretclle4 P'.l.ex-55 paDel ad the iDIler tace ot the interior glas8-Ti~1
glus peael ass"~. Ia a4d1tiem, eme themocouple was attached to the 
1JuIer tace of tile 1ater1or glass-~l-glas.pael asseab~ near the tea
perature --iaS el_t built i.to the TiD1'l 1nterla7er aacl _e the1'llO
CCNple 81111P1e4 the air-pp telfPerature. I'1pre 9 shfts the p1l1'sical 
locati_ of tile the1w»cOlq)les attached to the clear-Tift'V1J1dD1rs.• 

Ceclr;pit ttllperatures were obta1Ded trca a the~ter located at 
the ... J.enl or the Y1D4ow tested. 

V1IIdDw' t~tures aDd geDeral test cOAd1tioas are giTeD in 
~l.e III. 

!fest -.,. 3-21. 
lfhe proJectile struck em the hor1SOIltal e_terllae ot the 

copilot's e;,e'brow w:tac1DV about 2 i.eIles att ot the torward Y1Ddcnr 8ill. 
lfhe exterior stretcbe4 Plex-55 paDel was shattered by the 1IIpact a. shema 
ill Pis. lD. "e ot the bird carcass penetrated the 1ater1or w1JI.4cnr, but 
part; ~ tile carcass atered the cockpit area to the rear ot the pilot a8 
tile aft sill-true, DAC Paz-t .0. 5642814., tractv~ 1a two places. !hi8 
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failure is shown in Figs. 11 and 12. That part of the carcass which entered 
the cockpit through the void caused by the fractures in the frame generally 
followed the contour of the f'uselage aft of the Window. This is shown in 
Fig. 11. Relative to flying Window fragments, the strike position for this 
test was critical but only a few particles of glass struck the upper right 
side of the pilot's head. Bone of these particles penetrated the clay, but 
merely adhered to it. The copilot, after the test, is shown in Fig. 13. 

Test .0. 3-22. 
Prior to this test, which involved the pilot's eyebrow Window, the 

aft sill-frame, DAC Part .0. 5642814, was increased in strength as shovn in 
Fig. 4. The proJectilestruclt appron-tely 2 inches abov-e the horizontal 
centerline of the Window and immediately forward of the aft sill. This is a 
critical strike position relative to impact strength of the window arrange
ment. !he exterior panel was shattered by the b1pact (see Fig. 14), and the 
aft sill retaining the paDel fractured in one place aDd bent aft from the 
upper support intercostal sill,' as shown in I'1IS. 15 and 16. !he interior 
panel was not penetrated. When the sill-frame, :oAt: Part .0. 5642814, JIOdi
fied as described previously, for the interior paael &pin fractured, part 
of the bird carcass entered the cockpit to the rear of the pilot Itmilar to 
!est 3-21. This is shown in Pigs. 15 and 16. A fev particles of glaslfroa 
the izmer face of the interior Window impinged upon the top aa4 left side of 
the pilot's head. I'one penetrated the clay or was d1rect~d toward the pilot's 
eye area. '!'he pilot, after being exposed to this test, is shown in .~il. 17. 

Test .0. 3-23. 
Prior to this test, which involved the copilot's eyebrow WiDdoY, 

the aft sill-frame, D.AC Part .0. 5642814, was increased f'ur'ther in Itrength 
by replac-.nt with a D.AC fabricated O.125-iDch-thick fraae ai, shcnm in 
Fil. 5, aDd the add1tion of a steel reinforcing axle. Allo, the upper aft 
comer retaining arre.aseaent for the interior Window peael vas strengthened 
by the add1tiOD of a O.09l-1nch-thick, 7075S-!6 gusset, as sbown in Pil. 18. 
'!'he bird carcass proJectile struck slightly above and approxblately 4 inches 
aft of the target point. There was no penetration of the Window and no 
fracture of the O.125-inch 7075-T6 aft sill-frame retaining the interior 
Window. See Fig. 18. '!'he frame had a 3/8-inch-deep permanent set pocket 
centered approxiately 5 3/4 inches below the upper sill heel line causing 
the frame heel to roll 1/4..,inch aft. A slight beading tear occurred arcnmd 
five bolt heads retaiD1Dg the gusset and aft Window edge. See Fig. 18. The 
exterior panel was shattered as shown in Fig. 19. Relatively few particles 
of glass 1Japinged upon the copilot's head, predoJl1D8Dtly on the top aad upper 
right side. 0D.l.y a few particles penetrated the clay. See Fig. 20. 

!est .0. 3-24. 
Prior to this test, which involved the pilot's eYebrow Window, the 

af'1; sill-frame, DAC Part .0. 5642814, was JIIOd1fied further by using all DAC 
fabricated increased gauge parts as shown in Fig. 6, including the upper 
aft corner gusset plate which had a material change trca 7075S-T6 alclad to 
20248-!3 alclad. !he carcass struck Just forward of the target point, which 
was the v1D.dow centroid. Upon 1JIpact, the exterior stretched Plex panel 
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shattered ad the 8ld.. ad bolts reta1D.1Dg the paaeJ. were daaled, as shoVD. 
1I1FiS.2J.. '1'llere was no peaetntiOD ot the iaterior peael althoqh the 
TiQ'l aterJ.qer de1all:l.nated tor • 6-ach leqth aloq the aft sill, re
sultiq iBa slight tear in the TilQ'l. In add!ticm, s.. 'beD.d1q tear oc
curred e.rcnmd the wa,sl:lers 'UDder the tiTe lover bolt heds retaiD1DS the . 
upper att pa.et plate. !hese two poiats ot dau.p are 8llcND ill PiS. 22 • 

. 0JIJ.7 iL teY J&rt;icles ot gla•• 1.,pillPd llPon the pilot '.a he-a,. B.e peDe
trated the clay bw.t _re~ adhered to it. !'he pilot 1a uon in PiS. 23. 

!eat Bo. 3-2'. 
!'his teat 1llTolTed the pilot' a qebrcnr YiadoY. IIo41ticaticm. to 

the 1f'1JLcloY npportiq atructure were identical to tho•• ot the pz'ecediq 
te.t. !he carcaa.struck 3 ache. torWard ad 2 inch•• below the target 
point. !'l:uI exterior .tretched Plez-" pgel vaa .hattereel .... tift" bolt. 
helpiq t. retai. the INter Y1Ddmr tailed in teaaiOll &D4 beatiq a. B!uml 
111 PiS. 2Ja.. lftlere va. Ill. pelletraticm. ot the iDterior panl. see Pil' 25. 
A b_1.. te«a' occurred aroa4 the 5 1cn'er bolt. bean.. api••t the re
Worci......et plat. ad aroud 11 bolt. be&r1q .....iD.t the aft YiBdov 
boiti.. e4p. 1fIa1. i. a1lowa 1A Pil' 26. !heiDtenor paael TilQ'l ater
1&7V elel Blda-ted tw a leqth ot 9 i.che. &1oq the i..er surtace ot the 
aft 'e4p .n..l wert. !he __ betnea the _tal inNrt &D4 "'111.71 alOll.l 
the oater nrtace ot the aft edp ot the paael rea1aed 1at&ct. A tev 
particle. of 11&•• 1.,p1qed u;pon the upper ad back lett dele at the pi
lot'. bead.Ou .11Ter of glf.•• aboat l/Ja.-inch 10aI b7 1/8-iach .tur. 
at the larp .... peaetrated the c1&7 approx1ate~ l/l6-iacJl in W. 
&rea. lee ftl. 26A. 

!e.t Bo. 3-26. 
fti. te.t inV'OlTed tile pilot'. clear-Ti_ widow. lftle bi1"4 

C&Z'C&.. Itftck the tarpt pomt .batteri.. the exterior .tretched P1ex-'5 
~el aacl tile Jvdr&1I11c pre.are rolled back the aft .i11 Aoabler plate, 
as 8hcml. iB ftl. ~. Bipt.. ta.t_r. retaiD.1q. the cloubler plat. 
tailed. b;r t01"ld.a8 tuliped hee4e wh1ch allowed thea to P1I1l thr.p the 
clo\Ibler _terial. !'J;l1. acti_ &1lowecl a relatiTe~..u part of the bird 
C&I"CU. 1;0 eater the ceckpit area aft ot the pilot po.it1_. ~ere va. DO 
peaetr&U_ of tile 1aterior Y1a4ov a. ahOVD in Pil. 26. lftle __t aU. 
TelociV of the 11&•• particle. cJ.epart1q rrc. the i...r tace ot the in
ter1or1r1Ja4ov 1IU lcnr. Boae ot the.e Particlea peaetrat.ed either tile pi 
lotI. ~ or c3.GtIa:f.D8 a,lthoqh .. tf!!'l particlea ot b11'4 carea.. ~"'d 
111*' tM pilot &8 .... in ftl. 29. fte latcb.1.q _c1Iaa1_ tor the
 
~ r 1wed. tasteDecl &D4 va8 operable ~ate~ ~r the te.t.
 

~st· *0. 3-27. 
lfId.. test 1D.TolTed the copilot' 8 clear-Tif!!'l Yia4oY. !'he bird 

CUC&88 lilt apttNX1at~ 3 1D.chea torward et the tarset poi.t. Up. 
~, tM ezter1'- peael ••ttered &Del the intenor peael re.1D.ed in
tact, &8 .... ill nc. 30. !be torce ot the illpact loe4e4 the aft W1a40v 
hoek 1a Reb a __er tlIat the. e.130-1D.ch ateel h1ap pi. tailed ill. .hear. 
All a;peetecl, the h:l.1h-epeecl .nea of the te.t iDd1cateel tbat tailure 
oecaae4 iUUaJ.:b' at the lJPPV ead ot the h1qe ael progre••ed rap14l;r 
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downward zipper fashion. This allowed the upper sill hook to unlatch and 
the window was forced inward striking the copilot a severe blow on the right 
side of the head, as shown in Fig. 31. The hook hinge halves were not 
damaged, however. The final disposition of the window and associated parts 
is shown in Fig. 32. 

Test Bo. 3-28. 
Prior to this test, which inv01ved the pi10t's c1ear-view window, 

the hinge pin for the aft window latch was increased in size to O.lBo-inch 
diameter, as shown in Fig. 3. The bird carcass hit approx1Jllate~ 2 inches 
below and 3 inches forward of the target point. The exterior panel shattered 
c0llP1etely and the aft doubler plate facing was rolled back slightly as 13 
fasteners failed. This is shown in Fig. 33. A small amount of bird carcass 
extruded through the opening at the upper aft comer of the window. That 
part of the carcass which extruded into the cockpit passed to the rear of 
the pilot. There vas no penetration of the interior panel, as shown in 
Pig. 34-. lip-speed aov1.es of this test indicated that flying glass from 
this paDel vas noticeably greater in both quantity and velocity cOllllPared 
1I1th Test .0. 3-26. .one of the glass penetrated the pilot's heM or 
oloth1DS IIDd none was directed toward the pilot's eYe area. The track &D.d 
latches yere all tunctional. After impact, the window val opened and lIOVed 
aft to check operation. See Fig. 34A. 

Ten .0. 3-29 • 
Prior to this test, which involved the copilot's clear-v;l.ev 

~, the successful operation of the aft full-length latch suggested a 
pos8ibillty of the e11lll:1D&tion of the upper sill latching hook, and DAC 
Part .0. 3641243: was removed. Upon 1JIIpact the two support points at the 
forward aDd aft latches Yere not sufficient to contain the bending of impact 
which resulted in fracture of the 1I1ndov fram.e. !he 1I11ldov was forced open, 
hitting the copilot on the side of the head. See Fig. 35. lip-speed 
maries of the test 1Dd1cated that qdrau1ic pressure frCB bird carcass 
nuide forced the Y1Ddow inward at the upper aft comer. The exceslive 
bend1ng resulted in fracture of the vtndov ~rame, as shown in Fig. 35, 
thereby allow1ng the aft hook to becoae disengaged. Inspection of the side 
of the copilot's head showed DO large indentations in the clay, thereby in
dicatiDg that the 1I1ndov frame had lost most of its kinetio energ;y at the 
t:1lle of ccmtact. As shown in Fig. 36, the aft doubler facing was not dam
ased a8 severely as in tests 1D wbich the Window remained 10cked in position. 

COBCLUSIOlfS 

B,yebrov W1Ddow. 
1. '!he eyebrow Y1DdoV arrangement, as shown in DAC Drawing Bo. 

565311-70, BeY. B, aDd Figs. 1 and 2, will Withstand satisfactori~ the im
pact of a 4-pound. bird carcass at a velocity as high as 485 mph provided 
the f01J.Dlr1Ds structura1 DM>d1fications are incorporated: 

a.	 '!he aft sill-frame, DAC Part Ro. 5642814, is strengthened 
as shown in Fig. 8. 
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b.	 The upper and &f"t metal insert edge of the interior Window 
is strengthened to equal that obtained bY' incorporating a 
0.Q91-inch-thick 2024s-T3 gusset plate, as shown in Pigs. 24 
and 26. 

2. The JDin1mum viDy'l temperature required for the eyebrow window to 
develop the resistance to penetration as determined from these tests is 
105· 1'. 

3. Ifhere is no appreciable hazard presented to either pilot or copilot 
frail a bird strike on any position of the Window since the glass frapents, 
which depart from the interior Panel, are directed predominantly aft of the 
pilot position. There was DO indication in any of the tests that any par
ticles were being directed so far forward as the pilot's eye area. 

Clear-View Window. 
1. 'lh1s wiDdow, modified bY' the add!tion of an aft hook-type latch 

and. the a4d1tion of an electrically conducting film heating UD1t for the 
interior panel, as shown in DAC DraWings .os. 5702471, Rev. 1', and 
5613217, ReT. D, 111.11 resist penetration satisfactorily, and failure of the 
latching aech&D1_ 111.11 not occur under an ~act TelocitY' as high as 
430 Iq)h. 

2. IJ.'b1s saae 1I1.ndow ccmtiguration 111.11 resist penetration 
eatisfactoril1', aDd failure ot the latching mech&D1sm 111.11 not occur at a 
Telocit:r as hip as 481 ~h provided the att hook hinge pin is increased 
in diuaeter trca O.l30-inch to O.lSO-inch, as shown in I'ig. 3. 

3. !he II1n11DDl'V'1.ql teK,Perature required tor the clear-Tiew 1I1.DdOY 
to 4eV'elop resistance to penetration as determined trom these tests is 
100· r. 

4. '!he results ot the tests indicate that there is no appreciable 
trapentatiOll hazard presented to the pilot or copilot. Should a bird 
strike the V1D4oY, there undoubtedly would be some extrusion ot entrail 
nll1da into the eockpit area directly behind the pilot or copilot but this 
coa.d1tiOll &180 is not considered to be hazardous to them. 



TABLE I 

** See Table Ill. 

• Failure of the sill frame supporting structure allowed part 
of bird carcass to enter the cockpit. 

Results 

* No penetration. 

* No penetration. 

No penetration. 

No penetration. 

No penetration. 

No penetration. 

*** No penetration. 

No penetration. 

**** No penetration. 

**413 

**397 

432 

485 

430 

485 

481 

486 

Projectile 
Velocity 

(mph) 

388 

Impact 
Point 

(Ref. Dwng.) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3-21 

3-22 

3-23 

3-24 

3-25 

3-26 

3-27 

3-28 

3-29 

Test No. 

••• Failure of the aft hook latching mechanism pin allowed 
window to open upon impact. 

POSITION OF IMPACT
DOUGLAS DC-8 CANOPY 

CLEAR-VIEW 
WINDOW 

EYEBROW 
WINDOW 

PILOT'S EYE 
·POSITION 

PILOT'S EYE 
~POSITION 

51.297" 

FUSELAGE 
~ IREFERENCE 

STA. 16050 PLANE 

•••• Failure of window frame due to trial elimination of the 
upper sill latch allowed the window to unlatch upon impact. 



. Drawing 110. 

. 5~)470 
5702980 
5702947 
5703909 

Drawing Bo. 

5613215 
5613067 
5613213 
5613217 
57cG¥Tl 
5615112 
5703952 
4641305 
4652526 
4652525 
4652524 
3641243 
3641306 
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TKBLE II 

DOUGLAS DC -8 DRAWINGS 

Eyebrow Window 

Title 

Test-Rework Cockpit Upper Window Installation 
Panel Asseably - IDner Upper Window 
Insert-Cockpit Inclosure Upper Window 
Panel Assembly - Cockpit Upper Outer Window 

Clear-View Window 

title 

Track Installation 
Enclosure Installation - Cockp1t Upper Sills 
Window Installation 
Window Assellbly 
Panel A8seably 
Panel-Ac171ic Outer 
Rework-Post Aft 
lI'1tt1Dg-Aft Hook EDgas1ng 
!rack-Lower 
Support-Lower !rack Forward 
Support-Lower Track Aft 
Bar Assembly-Lock Upper 
Fitting-Forward Book Engaging 

Reltics10n 
~: . 

B 
B 
A 
A 

Reviston . 

C 
C 
B 
D 
F 
E 

lIone 
A 

None 
B 
A 
C 
C 



TABLE III 

TEST CONDITIONS 

Test No. 
Date 
1958 

Window 
Tested 

Projectile 
Velocity 

(mph) 

Interior 
Cockpit 
Temp. 
(-F .) 

Outside Air 
Temp. 
(-F .) 

Sensing 
Element 

~ 

Window Temperatures -F. 

Outside Inside Outside Inside 
Face Face Face Face 

Exterior Exterior Interior Interior 
Panel Panel Panel Panel 

Air 
Gap 

3-21 

3-22 

3-23 

3-24 

1/13 

1/16 

1/21 

1/28 

Copilot 
Eyebrow 

Pilot 
Eyebrow 

Copilot 
Eyebrow 

Pilot 
Eyebrow 

388 

413 

397 

432 

75 

78 

74 

76 

48 

33 

44 

29 

108 

103 

106 

103 

60 

46 

53 

40 

77 

70 

73 

65 

105 

114 

112 

110 

98 

98 

98 

97 
~ .....-

3-25 

3-26 

1/29 

3/14 

Pilot 
Eyebrow 

Pilot 
Clear-View 

485 

430 

76 

7Z 

30 

42 

111 

99 

42 

60 

67 

-
111 

--
98 

101 97 

3-27 3/17 Copilot 
Clear-View 

485 74 42 95 59 - -- 98 100 

3-28 3/19 Pilot 
Clear-View 

481 74 40 95 55 - -- 100 90 

30.29 3/21 Copilot 
Clear-View 

486 76 38 96 '''56 - -- 9.9 95; 

-, 
., 

r...·,...· 
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NOTE: SECTS. AA, BB, CC, AND DO ARE 
SHOWN IN FIG. Z. 

FIG. 1 EYEBROW WINDOW INSTALLATION EXTERIOR VIEW COPILOT'S SIDE 
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INTERCOSTAL 
OUTER PANEL ASSEMBLY DAC PART NO. 5643170-3l 

INNER PANEL 

ASSEMBLY 

BOLT - Sl356374P6A J 
Il BOLTS RETAINING THIS EDGE \1 

BOLT -SZ356374P6A' tl F ~T ~\ 
Il RETAINING TillS EDGE	 1 ' (I 1\ 

INNER PANEL ASSEMBLYSEE FIG. I. 

FITTING - DAC PART NO. 561574l-l 

TOP SILL VIEW CC OF FIG. I 
BOTTOM SILL VIEW AA OF FIG. I 

~::~~f'~";]g m~".--T .;::~,,~INNER PANEL ASSEMBLY 
REF. DAC DWNG. . I 0.675" 

BOLT - Sl356374P6A NO. 5611643	 ,.! PLEXIGLAS 

U BOLTS RETAINING TillS EJ;>GE 

FILLER. O.~ltSHEET 
CLAD. lOl4 T-3 

OUTER PANEL JlSSEMBLY FRAME"" DAC PART NO ••564l707-4 INNER PANEL ASSEMBLY
 
REF. DAC DWNG. NO. 5703909 REF. DAC DWNG. NO. 5701980
 

>. 

~"(I===~L~l~S~EMi!:!JI!:!TEMPEREDGLASS3/16 .r 8 PYB. l5 PER CENT r----- PLASTICIZED' 

CAPDOUBLER~~-;~~~~~~~~~~~~~~ ~O~~~~~ET CLAD BOLT. SZ356374P6A3 16SEMITEMPERED GLASS 
SEE FIG. I. I 11 BOLTS RETAINING THIS EDGE 

....1-.... 

/.....~ ~t:~ .. 
AFT SILL VIEW DD OF FIG. I - I, ... 

FORWARD SILL VIEW BB OF FIG. I 

FIG. l	 SECTIONAL VIEW OF EYEBROW WINDOW' .,". 

REF. DAC DRAWING NO. 5~U.70 
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PANEL  ACR.YLIC OUTER. 
1lEF. DAC DWG. NO. 56151lZ 

UNIt ASSEMBLY Z70109 3 
llEF. DAC DWG. NO. Z701093 

FULL-TEMPEREDGLASS 
PVB Z5 PER. CENT 

PlASTICIZER. 
~I f #//' ,:US-- SEMITEMPEllED 

..... 'IGLASS 

HOOIt  REF. DAC D.G. 
NO. 4700601BOLT HAS JM CPA7 

UNLATCHED POSITION 

nus 
PIN CHANGED TO 

DfA. O.l80-INCH PllIOR. 
TO TEST NO. 3-Z8 

- :::-1~ :v.M' - 1rt . PANEL ASSEMBLY.r . 75 /" 1lEF. DAC DWG. 
... NO. 570Z471 

DAC DWG. NO. 570395Z 

LATCHED POSITION 

14 BOLTS IlETAINING HOOK 

AFTPOST 
DAC D.G. NO. 5613745 

HOOK 

PIN - ANZ53-5-1665 
DfA. - O.130-INCH 

AHZ53-4-1665 

FIG. 3 SECTIONAL VIEW OF AFT SILL - CLEAIl-VIEW WINDOW ASSEMBLY 
REF. DAC DRAWING NOS. 5613067 AND 5615HZ 



~ .........,._.. 

FIG. 4 TEST NO. 3·22 

7
 

.! '. 

FIG. 5 TEST NO. 3-Z3 
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FIG. 6 TJ:STS NOS. 3-H AND 3-Z5 

·AFT SILL MODIFICATION. TESTS 3-ZZ THROUGH 3-Z5 

, TEST NO. 3-ZZ ' 
-...  ~ 

1.	 BOLT. S-Z357169PSA, REPLACES RJVET., AN'70AD6. 
Z.	 A SECOND FRAME, S6'Z814, WAS SPLIT ANI) ATTACH!:)) TO THI:
 

ORIqINAL FRAME. 56'Z81'. , "
 
3.	 'RIVETS', 'AN'70AD6.' SPA-CEDi: INCHON CENTER. 

'.	 TEST NO. 3-Z3 

4. FRAME, 56'Z81', INCREASED IN THICKNESS TO O.US-INCH.
 
!:i. STIFFENING ANGLE, O.OSO-INCH-THICK CM ANNEALED STEEL.
 
6.	 BOLTS, S-Z3S7169PSA, SPACED 1 INCH CENTER. 
7.	 BOLT, S-Z357169P5A, REPLACES RIVET, AN"OAD6. 

TESTS NOS. 3-H, 3-Z5 

8.	 FRAME, 56'Z814, INCREASED IN THICKNESS TO O.US-INCH. 
9.	 STIFFENINO A;NGLE, 0.~5~-INC8.• tt'HICK CM ANNEALED STEEL. HEAT-TIlI:ATJ:D 

TO 1Z5,OOO - l'OiOOO PSI. ' 
10. BOLT, S-Z35637'P6A, REPLAC,ES' BOLT,S-Z)57169pSA. 
11. BOLT, S-Z357169P5A, REPLACES lUVET. AN4?OAD6. 
lZ. BOLT, S-Z357169P5A, SPACED 1 INCH ON CENTER. 

•	 MODIFICATIONS ARE OIVEN WITH REFERENCE TO THE AFT SILL 
OF TEST NO. 3-Z1. SHOWN IN FlO. Z 



FIG. 7 TEST STRUCTURE MOUNTING ARRANGEMENT 
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FIG. 8 THERMOCOUPLE LOCATIONS FOR THE EYEBROW WINDOW 





FIG. 10 TEST 3-21 - COPILOT EYEBROW WINDOW. EXTERIOR VIEW 
PROJECTILE VELOCITY 388 MPH 



FIG. 11 TEST 3-21 - COPILOT EYEBROW WINDOW, INTERIOR VIEW 
PROJECTILE VELOCITY 388 MPH 



FIG. 12 TEST 3-21 - COPILOT EYEBROW WINDOW, INTERIOR PANEL 
PROJECTILE VELOCITY 388 MPH 
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FIG. 14 TEST 3-22 - PILOT EYEBROW WINDOW, EXTERIOR VIEW 

PROJECTILE VELOCITY 413 MPH 



FIG. 15 TEST 3-22 - PILOT EYEBROW WINDOW. INTERIOR VIEW 
PROJEC TILE VELOCITY 413 MPH 



FIG. 16 TEST 3-22 - PILOT EYEBROW WINDOW, INTERIOR VIEW SHOWING 
DAMAGED FRAME - PROJECTILE VELOCITY 413 MPH 
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GUSSET PL . I> \\ 

MATL - 70755- T6 ~ 
ALCLAD-O.09ITK 

_... 
SLIGHT BENDING TEAR 

"OCCURRED AROUND 
THESE 5 BOLT HEADS 

FIG. 18 TEST 3-23 - COPILOT EYEBROW WINDOW INTERIOR VIEW 
PROJECTILE VELOCITY 397 MPH 
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FIG. 19 TEST 3-23 - COPILOT EYEBROW WINDOW, EXTERIOR VIEW 
PROJECTILE VELOCITY 397 MPH 



FIG. 20 TEST 3-23 - COPILOT - PROJECTILE VELOCITY 397 MPH 
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FIG. 21 TEST 3-24 - PILOT EYEBROW WINDOW. EXTERIOR WINDOW 
PROJECTILE VELOCITY 432 MPH 
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BENDING
 
TEAR
 

FAILURE
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AREA
 

FIG. 22 TEST 3-24 - PILOT EYEBROW WINnow. INTERIOR PANEL 
PROJECTILE VELOCITY 432 MPH 



FIG. 23 TEST 3-24 - PILOT - PROJECTILE VELOCITY 432 MPH 
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FIG. 24 TEST 3-25 - PILOT EYEBROW WINDOW, EXTERIOR VIEW 
PROJEC TILE VELOCITY 485 MPH 



GUSSET PLAT 

~THICKNESS-0.091 IN. 

U";· MATL. 2024- T3 ALCLAD 
:w:_ 

FIG. 25 TEST 3-25 - PILOT EYEBROW WINDOW. INTERIOR VIEW 
PROSECTILE VELOCITY 485 MPH 



FIG. 26 TEST 3-25 - PILOT EYEBROW WINDOW, INTERIOR PANEL _ 
PROJECTILE VELOCITY 485 MPH 



FIG. 2.6A TEST 3-2.5 - PILOT - PROJECTILE VELOCITY 485 MPH 
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FIG. 27 TEST 3-26 - PILOT CLEAR-VIEW WINDOW, EXTERIOR VIEW _ 
PROJECTILE VELOCITY 430 MPH 
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FIG. 28 TEST 3-26 - PILOT CLEAR-VIEW WINDOW, INTERIOR VIEW 
PROJECTILE VELOCITY 430 MPH 



FIG. 29 TEST 3-26 - PILOT - PROJECTILE VELOCITY 4 0 MPH 



FIG. 30 TEST 3-27 - COPILOT CLEAR-" OR PANEL
PROJECTILE VELOCITY 485 MPH 
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FIG. 31 TEST 3-:27 - COPILOT CLEAR-VIEW WINDOW, EXTERIOR VIEW _ 

PROJECTILE VELOCITY 485 MPH 



FIG. 32 TEST 3-27 - COPI T CLEAR-VIEW WINDOW, EXTERIOR VIEW 
PROJECTILE VELOCITY 485 MPH 



FIG. 33 TEST 3-28 - PILOT CLEAR-VIEW WINDOW. EXTERlOR VIEW 
PROJEC TILE VELOCITY 481 MPH 



FIG. 34 TEST 3-28 - PILOT CLEAR-VIEW WINDOW. INTERIOR VIEW _ 
PROJECTILE VELOCITY 481 MPH 



FIG. 34A TEST 3-28 - PILOT'S SLIDING WINDOW - PROJECTILE VELOCITY 481 MPH 
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FIG. 35 - TEST 3-29 - COPILOT CLEAR-VIEW WINDOW - PROJECTILE VELOCITY 486 MPH 



FIG. 36 TEST 3-29 - COPILOT CLEAR- VIEW WINDOW - EXTERIOR VIEW 
PROJEC TILE VELOCITY 


