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IXFRODLJCTI~N 

Tests of the Impact of f reshly k l l l ed  bird carcaases on the 
wmdshield  panels  of  the Dougllcs Hodcl DC-8 a:rpiane were conducted a t   t h e  
Technical Development Center of the Clvll  fieronnutlcs  Adminlstratlm, 
Indianapolis, Inalana, frcm Much 26, 1957, t o  A r J r i l  21, 1957, and a l s o  on 
June 19 and 20, 1-957. The p m o s e  of these tests was t o  determme the   ab l l l t y  
of the windshields and suppor tmg  s t ruc ture   to   res l s t  penetration when struci: 
by a four-porn< bird carcass.  Tests a loo  were conducted t o  eveluate  the  pos- 
s ib le   hazard   to   the   p l lo t  and cop;loi r e s u l t ~ n g  from flglng  windshleld frag- 
ments. P. complete resume of t h e   t e s t s  1 s  preaented m Table I. The tests 
were conducted m a c c o r d w e   w ~ t h   t h e  Douglas i.~b-pe.n$t  Cnr,pmrkeMt  proposal of 
Fcbruary 25,  1957, ent l t led  "Outlme of CAA Wlndshleld Bird Test Program 
f o r  DC-8." 

The t e s t s  were conducted  with  the  aoslstsnce of Messrs.  Nlck 
Napavance, Arthur S. Lundgren,  and Hal Lmderfe l t  of the Douglas A n c r a f t  
Conpnny, Inc . 

WINDSHIELE  INSTALLATION 

General. 
me  cockpl t   s t ructure  and wmdshleld  panels  tested were in  

accordonce  wlth  the Douglas A-craft Co. drawlngs l i s t e d  m Table 11. In- 
sofar as the wlndows and suppcrtmg  structx-e are concerned, t h e   t e a t   a r t z c l e  
wes ver l f led  as ccnformmg t o  these drawmgs  by Chi-designated inspectors, 
MesSr.9, B. Robmson md B.  B. Farnhvr of the Douglas Alrcraf t  Co., m t h e i r  
l e t t e r  o f  Januar~ 6, 1958, Pile NO. c8G30-50-144, t o  Mr. G. T. Castle, 
Doughs Alrcraft Co., C M  Zlazson  Engmeer. 

The wmndshleld panels  tested  consmted of the  center  mdow,  the 
s lde wlndow, and the  clear-vlew wmdow. An eyebrow wmdow whlch 1 s  t o  be in- 
cluded m the  productlon  verslon of the Model DC-8 anp lane  was not   pronded 
for m the t e s t   s t ruc tu re  and consequentlar,  could not  be tested.  The  wlndows 
tes ted  are ident l f led m Table I. 

The center- and slde-wmdow mstal la t lons  consis ted of f l a t  panels 
cf the double-pone1 type. The center-wmdow panels were rectangular m 
shape,  each  having a hclght of approximately 21 1/2 lnches and a wldth o f  
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Changes Made F n m g  Tests 

ND changes were made In  the windshield cancpy during  the f lmt  
f i v e  tes ts  . 

The center and slde wlndows mcorporeting  the  0.360-mch-thlck 
vinyl  Interlayers were  used exclusively m Test No. 6 and m a l l  subsequent 
tes ta  because it wzs found that the windows incorzoratmg O.3OO-mch vmyl  
mterlayerB were bcmg penet ra ted   e t   ve loc l t les   a t  o r  near mph. 

The r e txnmg  a r r angmen t  ,‘or the clrsl.-v;ew wmdow f a l l d  in 
Test NO. 7 ,  allowmg  tne window t o  rotaze inward abwA Its forward  upper znd 
lower t r x k  attachment  pomts. To prevent thls, a re ta lnmg  bar  was added 
t o  f i x  t h e   a f t  edge of the wmdow frm.e m &e closed  posltlon as shown m 
F L ~ .  6. During the next t e c t  on the  clear-vlew wxdow, wlth  the  retalmng 
bar mounted by u t ~ l l z i n g   e x l s t l n g  dodbler  ?late  retalnmg bclts through the 
post  lccated between the  clear-view and eft windows, lt was found tha t ,  upon 
mpact,  the  outside  dodbier  plate  weled back,  snoppmg  off the b o l t  heads. 
Thls forced  tne  retaming bar t o  depzrt from Its flxed  posltlon,  thereby p r -  
m l t t m g   e f t  edge of the wmdow to  open mwcr6ly. To correct  this con- 
dltron,  the nunbe- of bo l t s  through the   re tcmer  vas doubled, w l t h  every 
other  bolt   extcndmg only thrmgh the af t  post bolt3ng  flange  an3  retamer 
bol t lng  edge as shom m Wg.  6. 

Freshly  kllled  chlcken  cclxasses were r~ropell.ed &t the t e s t  
s t ructure  by meens of a compressed a:r gun. To c.as’ze the  greatest  degree 
of accuracy of carcass  veloclty and pomt  of mpact on the  reopectlve w m -  
dows, the chlclren carcms was backed by a 6-inch-long  Styrofoam plug 6 Inches 
In dlameter  wlth a t h m  p l - s t l c   d l s c  5 1/2 inches In ammeter bonded to   t he  
e f t  end. Thls plug and chlcken cGrcasa were placed m a l?ght  cloth  bcg 
whxh  then wn8 sewn shut. This arrangement glves the appecronce of a pro- 
Jectl le  approvunatfly 6 inches m dlaneter and 1h inchas  long. The combmed 
Weight of the  chlcken  carcam, plug, p l a s t i c  d;sc, ard cloth brig w a s  4 
pomds plus or mlnus 2 ounces. The welght of tile plug, d u x ,  and bsg was 
approximately 5 ounces. 

The cockplt   structure was positmned so as t o   l m e  up the  deslred 
upac t   pos l t l on  nth t h e   l m e  of fllght of tne proJect;le. The proJect i ie  
flight path Was determlned by slghtmg  throu$  “peep“ s l a t s  mounted a t  both 
€ads Of the gun barrel .  The cockplt  base wat3 bol ted  securely  to   the  tes t  
c e l l  bed,  and  k-by-4-inch wooC qembers were positioned between the  prmclpal  
1ong;tualnal nembers of the cockpilt and the   tes t   cel l   backstop  to   prevent  
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ln te r ror   cen ter -  and ode-wmdow  penels. The cockplt Was heated  to desired 
temperatures  by electrical h e a t x g   u n l t s .  

Window temperatures were cbtalned pr:or t o  each t e s t  from 
thermocouples  attached to   the  glass   faces  of the  tes t   panels  by means Of 
masklng t2pe.  Formally,  temperat,re8 were detemmed  for   the  center  and 
nlde wmdows a t  a posltlon  opposlte  the  sensmg  element, a t  one or  two ran- 
Con poslt loas on the  outsxle face of the  exterior panel, and a t  the  expected 
Imsact polnt  on each of the four glass faces. T-,mperatures for the Clear- 
v1ev w:ndow Zeslga  lncorporatlng a n  ;nterlx glass-vTnyl-glass  panel were ob- 
ta lned   a t   the  geometric center of the Inner gl.ass face and m thii alrspace 
separatmg  the two panels.  Cockpit  tem2eratures  normally were obtalned from 
a thermometer located  adjacent  to  the m e r  face of the  mter:or  pmel belmg 
tested..  Cockplt  temperatures only were recorded 2ur;nq t ea t s  of the  clear- 
vlew wmdow lncorporatlng two panels of stretched Plex-55.  Gutside elr 
temperatures were recorded f o r  each t e s t .  

TEST KZSULTS 

Basic data  pertalnlng  to  the  mdlvldcal  mpact  tests  are  presented 
m Ta'Jle 111. The r e su l t s  of the  teots  are as  follows. 

Test NO. 3-1." 
m e  carcass   hl t   the  wlndow about one Inch below the  target   polat .  

Both the  outer and m e r  vindow panels were pcne-bratea by a maJor pOrtlOn of 
the  carcass. No fallure of tne slll o r  rcta-ding  structure  occurred. Most 
of the  carcass whlch penetrated  the rnndow passed t o  the rlght Of the   p l lo t ,  
although a few par t lc les  lmprnged upon the  plloC,'s l'ece, chest, and rlght 
B h O U l I k r  area. Three par t lc les  of ful-tempered @ass about 1/4-mch on edge 
penetrates   lnto  the rlght shoulder of the   p l lo t .  The outer corner of the 
rlght glass  lens 111 th?  goggles worn by the   p r lo t  was broken  by f l p g  wind- 
shield fragments, and g l a s s   p a r t x l e s  from thls lens inphged upon the pilot's 
eye socket area. There was  no l e f t   l ens   In   t he  goggies.  Small par t lc les  and 
s l lve r s  of semltem>cred glass Implnged lightly upon the  pllot 's  face,  cllest, 
and shoulder  area. The copllot  was struck by numerous small   particles of 
semltempered glass,  but none were Imbedded deeply  In  the  clay and could be 
Ernor-ed by gentle  brushmg. Upon exmnnatlon of the vinyl f a l l w e  which oc- 
curred, lt was determme2. tha t   the  wmdow  was not  properly  heated when tested.  
'JXe contra1 box for the  Electropone  heatrng unlts t h a  was exmmed, and It 

+The numeral "3" 1s a tes t   se r les   nmber   per ta ln lng   to  r;ll the   t e s t s  
reported  herem The numeral "1" 1s the tes t   nmber .  



was found that It was not  operating  properly.  In  final  analys's, was 
not  consldered  to be a v a l i d   t e s t  of the impact strength of the  s ide m d o w  
and supportlng  structure  because of the low vlnyl  tenperatwe.  Results of 
thls t e s t   a r e  shown m Flgs. 9,  lc), and 11. 

Test No. 3-2. 

the  carcass  penetrated m t o  the  cockplt  area. The vinyl  In  the  exterlor 
window p a x 1  sheered for a length of 11 Inches  along  the  Inboard  edge, f G r  a 
length of 11 lnches  along  the  top edge, and f o r  a length of 8 Inches a l m g  
the  cornerpost edge. There was no pallure of the v~njrl in the mnter-or  wln- 
dow panel. No f a l lv re  of sill and re tamlng  s t rwkure  occurred.  The upper 
center  doubler  plate  for  the  outer  panel warped outward about  l/a-Inch. Fmne 
sharp-edged particles of semltenpered  glasa  from  the a f t   f ace  of the   in te r lor  
wlndow panel mp~ngeed 11pon the  pl lc t ' s   face below  eye leve l  and upon h l s  
clothlng In the  chest  area. None of the glass mbedded m the exposed c lay  
par ts  of the pilot's body; t h a t  15, the  face and neck, and no penetratlon or 
tern-mg of the   c lo th   shnt   occur red .  The sun &asses worn by the pmlot r e -  
mamed In tac t  and undamaged. Results of t h l s   t e s t   a r e  shown in Flgs. 1'2 

The carcass h ~ t  abuut one Inch below the  target  pomnt. None of 

and 13. 

Test m. 3-3. 
The p r o J e c t l l e   h i t  about two mches below the  target   pomt.  Ilone 

of the  chlcken  carcass  penetrated lnLa the  cockplt  area. The exter lor  win- 

dow panel   vmyl   tore  for  a lengtn of f o n  lnches  along  the  top s i l l  metal 
i n s e r t  toward  the  upper l e f t  corner and downward about "our inches  along  the 
cornerpos t   s l l lmeta l   Inser t ,  as shown ln Flg. 14. The vlnyl  In  the  Interlor 
Wmdov panel failed prmarmly  along  the  cornerpost edge, as shown m Flg. 15. 
The relat lve  posl t lons of the two vmyl  b r w h  were such that  penetratlon by 
the blrd carcass was prevented. The mtcr lor   pane l  vinyl temperature wss 
lower  than optimum for maxlmum m p c t  strength, whlch apparently  resulted  In 
the failure of t h l s   mte r l aye r .  The p l lo t ' s   face  was pelted slightly by 
f k l n E   g l a s s .  A t  the   level  of the p l l o t ' s  upper l l p ,  small   sl lvers of glans 
lmhdaed  about 1/64-1nch In the clay. One 3/8-mch-long  sllver of glass lm- 
bedded itself about  1/64-mch  along  the l e f t  szde of the  brldge of the  pmlot's 
noye. The  Bun glasses worn by the   p l lo t  remained In tac t  and were not  dm- 
aged In any manner. The p l l o t  1 s  shown In  Fig. 16. Numerous small particles 
of semltempered glass  mplnged upon the  clothfflg of both t he   p i lo t  and copilot. 
None of these  penetrated  the  cloth. 

Test NO. 3-4. 
PenetratlOn of a sllghht amount of chlcken-carcass  entralls m a  

experienced as thf vlnY1 tore for a length of 14 lnches  along  the  top sill 
metal of the  e x t e n o r  wlndow panel, as sholm m FIG. 17. A plece of 
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t he   mte r lo r  window panel  about 13 lnches wide ?ad 1 3  1/2 -'riches long tore  
out,  as shown m ~ : g .  18. Apparently, thls panel w a s  too low - a  temperatme 
fo r  maxmm DpAct strength.  The locat ion of the  breaks  in  the exterior 
Interlor  panels WLU) such tha t   tbe  small amount of carcass which penetrated 
the exterlor  panel was almost entirely  contalned  by  the  lnterlor  Panel. 
plece of the   In te r lor  wmdow whlch tore  out was propel led  af t  between the 
p l o t  and copl lo t   to  a locat ion  near   the  af t  biill&ead of the CocLTlt S t r U C -  

ture .  small par t lc les  of glass  mplnged upon *e pilot's and cop;lot's 
clothing,  but none penetrated. The semltempered  @as6 from the   a f t   face  of 
the   in te r lor  m d o w  and full-tempered  glass  sandwched between the  Pcaelfl 
was propelled  predominantly m a plane  noma1 t o  the wmdow and downward 
in to   the   a l s le  between the  p;lot and copi lot ,  Fo glass w a o  propelled a t  
elther p l l o t   o r   c o p l o t   a t  eye  level,  and the  glasses worn by the two clay 
figures were undamaged. No apparent damage t o  tne wlndow sFlls was nokd,  
although +he top  center  doubler  plcte  retamlng  the  outer window was Warped 
o u k a  slightly. 

Test No. 3-5. 

The v m y l   I n  boL& the   exter lor  cnd Interlor  panels  tore  for a length of nlne 
inches  along  the  upper  metal  Insert  parallel  to the top 5111, as shown m 
Flgs. 19 and 20. This fnl lure  was located  predcmmantly a t   t h e   l e f t   c e n t e r  
portlon of the wlndow. Dart of the  blrd  cxcasa  extruded  through  the  tear 
m the   vmyl  mnterlayers. The rlght  shoulder  area of t he   p l lo t  was struck  by 
par t lc les  of semltempered glass and bird c ~ c c s s  as shown i n  Flg. 21, but 
none penetrated  the  clothlng of the   p l lo t .  5 2  snall amount of glass whlch 
depested from t h e   a f t  f a c e  of  the  mterlor  panel was propelled  predominmtly 
dO%'nward between the allot and c o p l o t .  The upFer doubler   re tamma  plete  
for   the  exter ior  w,ndow panel was bent upward cnd mward as four  top s l l l  
b o l t s   f a l e d .   F a l l u r e  of t he   In t e r lo r   pme l  dsrlng thls   tes t   apparent ly  was 
due t o  a low vln3-1 interleyer  temperature. 

Test NO. 3-6. 

The chlcken C W C R S S  struck  about two lnches below the  terget   pomt.  

The chlcken  carcass h l t  about  1/2-lnch below the  target   pomt.  
None O f  the carcass  penetrated  Into  the  cockpit  =ea as the  lnterlor  nndow 
panel remamed ln tac t .  See F-g. 2 2 .  The vlnyl  gulled away from the  metal 
ln3ert  Of the  exterlor vnndow panel  for a len,7th of nine inches along  the 
top edge, as shown rn Flg. 23. The metal  lnsert  crccked  for a length of 
seven  mches along the  top edge of the  exterlor randow panel. The small 
amount of Elass whlch departed from the a f t  fcce of the   mter lor  wmdow p w l  

directed  predonmantly downward and normal t o  the  plane of the mndow. 
* few Pmt lc l e s  Of glass mpmged upon the  lower  faces of t he   p l lo t  and co- 
Pilot, but dld not   penetrate   the  cky.  Flguro 21+ shows the   p r lo t   a f t e r   t h i s  
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Test No. 3-7. 

and the w7ydow swung !nward about  the  upper and lower forward. t rack   re tamlng  
pomts,  allowme a conslderable  pcrtlon of the  blrd  carcass  to  enter  the 
cockpit a f t  of the copilot. The copi lot  was h- t  a severe blow In  the Sack of 
the head as the mndow frame s ~ . s ~ n g  mward. NeLther the  ex terxr   nor   ln te r -or  
stretched Plex-55 wlndow panels  ruptured. The mndow frame cracked  Just for- 
w a A  of the upper a f t   co rne r   a t  a locat ion which had  been weakened by ma- 
chlnlng a clearance  recess f o r  a la tchlng mechmlsm nut. H?@-speed  plCtWeS 
of the   t es t   indxated   tha t   the  wlndow frame was forced open by  h$raullc 
actlon of the  carcass   a t   the  upper aft   corner,  and subsequent  warpmg  of  the 
wlndow frame allowed the up>er and lower wmdow l a t c h e s   t o   s l l p  from t h e n  
normally  cloaed  poslhons.  Results of this t e s t   a r e  shown i n  Flgs. 25, 26, 

@on impact, the wmdov opened as the l a t chmg mechanism failed 

ma 27. 

mt N~. 3-a. 
The c a c a s s   h l t  aoout two Inches  below the  target  point.  A 

conslderable amount  of blrd  carcass  entered  the cockpit area. Tie vlnyl ln  
the  exterlor window separated from tne  metal edge attachment,  then  tore for 
a length of  s1x  lnches  near  the upper 8111, contlnulng arwmd the  comcr and 
downward along  the  cornerpost s l l l  for a length of f l ve  Inches,  as shorn m 
Flg. 28. The penetratlon of the bu-d  then  tore  the  vmyl  :nterlayer of the 
In t e r lo r  wlndow for  a length of flve  Inches  along  the ugper s;ll and con- 
tlnued around the  corner and downward along  the  cornerpost s i l l   f o r  a length 
of s1x Inches, as shown i n  hg. 29. A second t e a r   m t h e   l n t e r l o r  panel 
vlnyl  f lve  lnches  in  length and s l l g h t l y  outboard o f  the f i r s t  t e a r  con- 
t r lbu ted   fur ther   to   the   fa i lure .  The copl lot  was s t ruck   d l rec t lg  ~n the  
face and upper chest   area by b i rd   en t r a l l s  and pcrrtlcles of sernltempered and 
full-tempered  glass, as shown in Flgs. 30 and 31. The glass   par t ic les  had 
s i f f l c l en t  energy t o  Imbed themselves In   the  c lay  face of the  copzlot and 
Penetrate  throu@  the  cloth  shlrt  and lmbed themselves m the l e f t  sholilder 
erca. m e  s u n  glasses worn by the  copl lot  were severely damaged as the glass 
lenses were broken and particles of the  lenses wcre drlven  Into  the eye 
Socket  area. It appessed t h s t  most of the damage to   t he   cop i lo t  was cmaed 
by the full-tempered  glass  nuggets which were released by f a l l m e  of the ln- 
terlOr WlndOW. Inspection of the  break  In  the  vlnyl  mterlayers  lndlcated 
t h a t   t h e   n n y l  m the  area of the   fa l lure  ms a t  a lower temperature  than 
th3t   requlrcd  for   best   resul ts .  
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vmyl   in te r layers  were so pcslt lored  wlth  rescecl t o  exh   o the r   t ha t   t he  b u d  
carcass whlch entered  the cockpit was turned ,SC" c?ownwmd frcn lts l l ne  Of 

fllgllt. S n d l  par t lc lea  of glasa  muxged Lpon the   p l lo t  and copllot ,   bui d:d 
not imbed themelves :n the  clsy. Most of the glass whlch depLded from the 
window  was dlrectcd domvcrd bet'men the p l o t  and copilot pos l t jons .   Fxlure  
of t he   ex tenor  window cppzared t o  be due to  faulty  fabrlcatlon.  Apparently,  
fn i lure  of the  Inter lor  wlnc?ow ms c a s e d  3mtI.y by Its m a b l l i t y  t o  absa% 
tae  added amount of e n e r a  mpcr ted  t o  when the  extsr lor  mndow fal 'ed 
excesslvely, a d  y z t r t l y  by Its belorr-mmimm vu171 temperature. 

Test No. 3-12. 

mter layer  of the  exterior randow fa-led i n  th.e upper  outboard  corner as the 
v x y l  del.ammatd from tlLe  &eta1  inscrt  for  a leJLgth of flve  mches  along t h e  
top sill an< the   ae tc l   Inser t   shsared   for  a length of four mches dommrd 
elons  the  cornerwst slll, ~s shorn m Flg. 40. !There was no f a d u r e  of the 
In te r lor  window mte:-layer. %e h g s .  41 and 42. lviost of the semltempercd 
glass o? the   ac t   l ace  of tne  m-terlor wrndow remamed l m m a t e d  t o  the  vlnyl. 
A yortron  of  t ins glass whxh  was accelera*&d rearward by the  mpact  struck 
the  pllot ' i i   face fron chm level. t o  eye level.  The goggles worn by the   p l lo t  
remaned  Intact,  althou& 30th of the  0.020-Inch-thxk  cellulose  acetate 
lenses were scarred somewhat by f ly ing  glass par t ic les .  One o r  two s l lvers  
Of glass were Imbedded about  1/4-mch 111 the exposed clay at  the   p l lo t ' s  eye 
l eve l .  See Flg. 43. Most of the  glass  partlclcs whlch mpmged on the 
pilot's f a c e   h l t  m a f l z t   p o s l t l o n  md were mbeddcd  approxmcstely '&en- 
Owtl  thiclmess,  about  1/32-lnch. Thcre was no a p p r e n t  dam75 t o  the s l l l  
Structure,  cxccpt for a? odtward  warplng of the 17pper outboard  doubler  plate 
f o r  the  exter lor  mndow. 

None of the b;rd carcass  entered  the  cockpit  men. The v m y l  

Test No. 3-13. 
The carcass h i t  two Inches mnboard of the  target  polnt.  None of 

the b l r d  c3scass  entered  the  cockplt. The ex ter lor  wlnsow p n e l  fa i led  as  
the  metal  lnsert  shemed  along  the  top edge f o r  a length of flve  inches toward 
tile upper  outboard  comer, and the   vmyl  shcarcd along the cornerpost edge 
downrmrd a length of eL&t  lnchen from a poult  two Inches inboard of Lye upper 
oLtboard  comer, zs shown In  3'16. 44. DTo vmnyl f a l lu re  of the 7xntermr w m -  
&3W paInal occurred. See Flgs. 43 a& 46. Numerous particles of seml- 
tmpere6 gloss whlch departed from the a f t  face of the   ln te r lor  mndow were 
dirscted toward the   p i lo t ' s  f-ce from c h m   t o  eyebrow level .  The glass p a -  
t l c l e s ,  wnlch were sllver-like with sharp edges, penetrated  mto  the  clay 
&?!out 1/32-mnch. The p i lo t ' s  gogglcs remalned mtact   except   for   nmerom 
scratches on both of t he  O.O2O-~ncn-thlck cellulcse  acetate  lenses  caused b~ 
fb l% Class Particles. See Flg. 47 for  the  gless-xnpmgement  pattern on the 
a l lo t ' s   f ace .  
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Test No. 3-14. 

mter layer  met21 ylsert l&%inates in both the d t e r l o r  and exter ior  WlndOW 
panels f s l l u d .  Tl1e exterior wm5ow metzl   Inser t   fa i led rn bendmg a d  
sheered for a iength of elgkt  inczes  along  the  top edge tormd  the   l e f t   cor -  
ner of the wmndow and dorrnlrnyd dong   t he   l e f t   cwnerpos t  edge a length of 
eight Inches. I n  addition, t h e   v x y l   t o r e  and delmvlzted from the  metal 
m s e r t  f o r  a length of 12 mches a lmg th.e top edge of the wmdow in to   the  
up7er l e f t  corner. ~ h l s  f a l l w e  1 s  shown in  FIE. 48. The vmyl   Inter layer  
of t he   mte r lo r  wudow delaminated  Ifom  the  metal  lnsert for  & length of t en  
mches  along  the  upper edge m t o  thz  lef t -hmd  camer and downward frm the 
corner a length of elght  Inches,  as shown m Fig. 49. The predominmt Cause 
of t h i s  failure was due t o  c?elmmat:on of the  vmyl  from the metal   Insert  
of  the interlor IrLndow whch l a  considered t o  be a defect In t h l s  wmdow. 
The p e r t  of the c?rcass khlch  penetrated  the  Endshleld  coztlnud aft  between 
the   p i lo t  ufl copilot  posltlons  as d7.d the fl/'mg glass departing from *&e 
mnLsheld .  A few p m t l c l e s  of b a d   e n t r 3 i l s  and glass lmpm&ed upon the 
p l l o t  ' 6  face as shown In Flg. 50, but  the  energy of these  p2xtlcles Was low 
and cawed 30 dmage- Three-fcurths of the ex-tennnl mndow p a d  doubler 
re taming  plate   dcparted from i t s  f ~ x e d   p o s l t l o n  as eu&t  re tcmlng  bol t  
heE& f z l e d  m tenslon, sncpp;3lng off  the  heads. The Zpper 6111 l l p  for  the 
ex ter lor  mndow panel was deformed I m m d  oll&Yily. 

Pert of the b l rd  ca-cos9  entered  the  cockprt ?rea as the V-Ayl 

Test No. 3-15. 

metal   lnaer t   fa l led m bendmg f o r  a length of c i & t  lncheo  along the GpFr 
edge into  the upper l e f t   co rne r  a d  then dowlwmd f o r  n length  of f1v2 nches ,  
and the  vmyl  sheared for it length of four Inches paral le l   to   the  top slll of 
the  wlndow a t   t h s  edge of the upper metal  Insert, a~ shown m Flg. 51. nie 
v m y l  of the   ln te r ior  window panel  reslsted  penetrctlon, as shown ln  Flg. 52. 
A f e w  flakes of Elass mpmged on the   p i lo t  z m l  cop:lot but no penetratlon 
In  the  clog was observed. Only 2 relatively small mount of semitempered 
g l r s s  departed from the aft face  of   the  inter lor  wlndow panel.  One-Lhrd 
of the external mndow top  center   re tammg  plate   tore   loose as the  four  re- 
ta in lng   bo l t s   fa i led  m tenslon. Thle  test  produced a 3/16-mch permanent 
s e t  m the  upper sill l ip   for   the   ex te rna l  wlndow. 

mere was no penetratlon of the wlndow.  The exter lor  wixdow pnnel 

Test NO. 3-16. 
Prior t o  this t e s t   t h e  method f o r  r e t c ln lng   t h l s  window was 

revised  to  lncorporcte  twlce  the n m k r  of bolts,  every other bo l t  fastening 
the   re taming  bar d i r ec t ly   t o   t he   a f t   pos t   fhnze  only, as shown LII ~ l g .  53. 
In  addltlon,  hent was applied to the  lnterlor  @ss-vmyl-gloss mndow p m e l  
by hestmg  the  cockpl t   area  to  a temperature of 100" F. Upon yapact, %e 
external  stretched Plcx-35 wmdow p a e l   f a l l e d ,  as shown m Flg. 54. The 



12 

Interlor  glass-vmyl-glass wmdow :anel reszsted  penetration, as shown UI 
Fig. 55. A emall  mount of b l r d - c ~ r c a s s  en:ra:ls extruded  through, between 
the lrlndcw 3 ill and the window frame near the q p e r  aft corner. HydraUllC 
actlon of the blrd cai-cas8 forced  the a f t   doubler   p la te  outward, snapplng 
off one bo l t  head. A few small par t lc les  of semltempered g less  from the   a f t  
face  of  the  lnterlor w;ndow panel Lmpmged  upon the l e f t   s l d e  of the  co- 
2 l l o t ' s  face,   as shown m Flg. 56, but  only two small par t lc les  mbedded 
themselves 111 the  clay t o  zny degree. Tke copilot's gogales were  undzmaged 
There ms no mdlcat lon  that  any glass had oeen propelled a t  the  copllot  
a t  eye level .  

Test No. 3-17. 
m e   b w d  carcaos  struck  sl lghtly below the   target  Point. The 

fmelage  was dented  lnward  about one inch  forward cf frame s t a t lon  123. The 
0.05l-1nch-th~ck alummum s k m   t o r e  har-zonialQ 4 1/2 mches along the 
forward f r m e  edge snd longltudlnally 1 1/2 inches  forward of the frame. 
Nlne r ivets   a t tachmg  the skm t o  the frame fa,led. The deck of the airplane 
was deformed qulb noticeably from the  pomt or mpact aft t o  the Wlndovr 5111. 
The frme sustamed a teas  through Lta  flanged rad lus  downward 2 1/2 Inches. 
Three lower sill mndow r e t a l n l n g   l / b m c h  b o l t  heads  falled. Both the   for -  
ward semltempered glass face of the external s lde wlndow  and the eft sem-  
tempered glass face of the   mtermr   s ide  wlndow  were cracked  severely by the 
impact. The forward  face of the  e~:terncl side-wmdow p m e l  was cracked 
pr lor   to   the  tes t ,   but   sustalned  addl t lonal  dunage durmg  the  tes t .  No 
glass deported from the B f t  face of the In t e r lo r  wmdow. A very small 
amount of carcass  extruded t k ~ o u g h  t he   t ea r  In the skm and mphged upon 
the   copl lo t   a t  walst height.  Results of t h l s   t e s t   a r e  ehmn In F ~ g s .  57 
ond 50. 

Test No. 3-18. 
The blrd  carcass h l t  near the forward edge of the window frame, 

which would be considered t h e   c r l t x n l   s t r l k e  ore& &3 f a r  as f ly ing  glass 1s 
concerned. The external  Plex-55 wmdow panel  falled as shown m Fig. 59. 
The vmyl of the  lnteslor  window dld not fa l l ,  prcventrr,g  penetration. See 
Flg. 60. A small portlon of the  bird  carcass  extruded  through  the  strucimre 
between the wmdow frame and a f t  post   mto  the  cockplt .  The  viindow f r m e  
cracked new  the upper a f t  hlnge  point as in   Test  No. 7. The a f t  frame 
f ixed  re ta iner  remalned  mntact. The center   sectmn of the  aft  outer  doubler 
facing plate bowed oatward as prevlow  tes ts  of t h i s  wmdow, and two re-  
t a l n m g   b o l t  heads fa i led  m tenslon. Numerods aernltempred glass par t lc les  
from t h e   a f t  fcCe of the   in te r lor  wmdow  1mp;ng;c-d upon We l e f t  azde of the 
Pilot's head  from  neck l e v e l   t o  above the l z f t  ear, as shown In ~ l g .  61. 
only two  of these  par t lc les  Were Imbedded t o  in7 d e a e e  m the  clay. m e  
pilot's area was untouched aa the gogsleo wit11 0.020-mnch-thlck plastic 
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lenses remained undamagcd. The glass  spatter  pattern md:cated that   vera  
few glaas particles were dlrected  tomrd  the  i) l lot 's   eye area. 

Test no. 3-19. 
For thls test ,   the  mterior  glaso-v;nyl-glass  panel f o r  the  clcar- 

vlew wmn8ow  was reduced ln   temperatne to  nearly 45' F to   de t emme whether 
a lower  temperature 1 m : ~  cx t r apo la t~on   r e l a t lve  t o  penetretlon  vehoclty 
could be applled  to  the wmdow.  Upon uapact, pa r t  of  the  carcass  entered tne  
cockp-t es the  external  stretched  Plex-55  pcnel  shattered, as shown m 
Flg. 62, and the   mter lor   pv le l   vmyl  mterls;.er  fal-led, as shown m Fig. 63. 
Abodt one-quarter  of  the lnterior wlndorv panel  tore  loose and waa forced m- 
ward and to   t he   r ea r  of  the  cockplt,  mlssmg  the  pllct. The  wlndow frame 
cracked  Just fu-wxt-2 of the upper af t   corner  PS ~n two prevlous  tests of 
t h l s  window (Tests Nos. 7 and 18). The upper hinged window f r m e   r e t a m e r  
fel led  pcr txal ly ,  and the   a f t   f lxed   re ta ln lng  bsr f e l l ed  1n bendlng and d i -  
rect   tenslon.  The copl lot  vas struck on the right oide of the  face and neck 
m e a  by small  aemltmpered glass particles an2 blrd-carcaas  entralls ,  as 
shown In Flg. 64. Most of the glass  merely mpm&ed  upon the  clay  wlth 
l l t t l e  or n3  pene-tratlon. 

Test No. 3-20. 

1/4-mch-thlck Plex shleld mounted approximately 1 Lnch Inboard of the In- 
ter lor   s t re tched  Flex-55  pmel  Upon Impact, d l  three Plex panels  shct- 
tered,  allowlng  part of the blrd carcass  to  enter  the  cocxpit   area.  The a f t  
wlndow frame f x e d   r e t a m i n g   b w   f a i l e d   c o n p l e t e l y  LII bendlng 2nd tens?on 
as t h e   a f t  window ed&e was forced lnward. None  of the remammg wlndow- 
frame re temers   fa l led .  The l e f t  s1de of the  pl lot ' s   fsce was marked m one 
or  two places where pleces of Plexrglas had struck. In addlt3cm, the l e f t  
s lde of the  pllot 's   face  struck by numerous post lc les  of bud-cucaas  
e n t r a l l s .  The pilot's goggles were untouched  by f l p n g  wTndow fragments. 
There wa9 one gash about 1 1/2 mches  long and l k - m c h  deep In  the bcck of 
the   p l lo t ' s  head on t h e   l e f t  srde, mdlca t lng   tha t  one lmge  plece of 
Plexiglas hod been hurled  in that dLrectlon. The Plex  shield was t o t a l l y  

The c lear -new wlndow used in t k s  test   lncorporated a f l a t ,  

destroyed  by  the Impact. ReEUltS of this t e s t   u e  shown I n  Flgs. 63, 66, 
and 67. 



CONCLUSIONS 

Center Wlndew (vmnyl mte r l ays r  0.30-mch thlck  both  exterior and 
m t e r i o r  pLmels). 

1. Thls window, conslstlng of two pmels ,  Douglas Aircraf t  CO. 

Drawngs NOS. 5616219, Revlslon A, and 5616240, Revmlon A, will prevent 
the  penetratlon of a IC-sJound b r r d   a t  a m a x a u  mpect   veloci ty  of 425 mph 
provlded  both  the  exterlor m d  Interlor  panels are malntalned a t  a mlnmm 
temperature of 1100 F. ~ h l s  wlndou design WIU prevent  penetrstlon a t  400 
mph provlded a rnmu~rn  temperatun of 100" F. LS mamtemed m both   pne ls .  
As noted in Tests Nos. 4 and 5, slight penetr3i;lQn illd occur due prlmarlly 
t o  f a i lu re  of the   ln tc r lor  panel, whxh in both  cases W.s below mmmm 
temperature for bes t  r f m l t s .  The penetratlon  veloclt les  mdlcated above 
are  for 5 strlke near t,le upper  outuonrd  corner,  the c r l t l c a l   s t r l k e  
loca tmn  for thls wmdow. 

2.  For a bird strike z t  ony posltzon on th7.s wlndow a t  c. veloci ty  Of 

425 mph, no appreciable  hazard from f l y m g  glcss p?zrticles 1s presented 
pllot   personnel.  The r c l a t l v e l y  few fuLe   pa r t r c l t s  of semitempered g lass  
whlch were propelled *om the   a f t   face  of the lntcrror  panel were dlrected 
predonlnantly dcwmrard normzl to  the  plane of the p m d  and between the 
pilot and copllot. This3 wlndow 1s loc l ted  ln such a poaltlon,  relatlve t o  
t he   p i lo t  and copl lot ,   that  in the  event of pcnetrctlon of pe r t  of t h e   b x d  
CSI.CZSS resu l t lng  from fc l lu re  of the   In te r lor  Gzael, cs occurred durlng 
Yest NO 5, no appreainble  hazard  to  the  pllot o r  copl lot  exlsts. 

Center Wlndow  (vmn5-l mterlayer  0.36-mch  thlck -A both  exterlor znd 
lnter lor   panels) .  

1. Thls wmdcw, cons1stm.g  of two panels,  conatructed as shown m 
Douglas Aircraf t  Co. Drzwmgs Nos. 5593329, Revlslon E, and 5593546, Rcvlslon 
B, w l l l  prevent  the  penetratlon  of 3 4-pound b l rd  ccircasa a t  an Impact veloc- 
~ t y  slightly greater than 460 mph for  a s t r l k e  nznr an upper  outboard  corner 
provlded  that   both  the  extenor nnd Interror  mndow panels are  marntamed a t  
Q minmum temperature 0: 110" F. The r e su l t s  of Tests Nos. 14 cnd 1-5 form 
a bas is   for  t h ~  concluslon. Based on the   resul ts  of Test No. b, It 1s 
fur ther  concluded t h c t  this wlndow design w l l l  yevent   penetrat lon m the 
event of an  upper  outboard  corner  brrfl GtrLke a t  400 mph provided tha t   the  
e x t e n o r  and mter lor   nndow  pmels  aye  ma;ntalxed a t  a mmmwn temperzture 
of 100" F. The upper  outboerd s t r lke   pos l t lon  LS c r l t l c a l   f o r  thls mndow. 
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2. For a b l r d   s t r l k e   a t  any poslt:m on tn?s window at an impact 
veloclty  as h g h  as 460 m p h ,  no appreclable  hazard f rom flymg  glass  frag- 
ments 1 s  presented  to pllo'; personnel. The relat ively  feu  f lne  par t lCleS 
of semitem7ered glass w h c h  are  prgpelled  from  the aft face of the UIterlOr 
panel  are  dlrected  predomlnantly downward n o m 1   t o  the  plane of the  panel 
and between the p l l o t  and copllot, as shown ~ 1 1  the   resu l t s  of Test No. 15. 
Test No. 15 m7,olved a n  upper  outboard 8 t r z - k  locatlo,? wh-ch i s  the c r l t x a l  
mpact   posl t lon on t h l a  wmdow fiom a glass  -fragnentation  vlewpomt, 
Wthermore,  It 1s srgnlflcant to   note ,   as  evidenced from t h e   r e s d t s  of 
Tes t  No. 14> tha t   pene t rakon of the wmdow a t  a cr: t lcal   str ike  locatlon 
by a par t  of the   b l rd   carcass   a t  a velocl ty  of 466 mph, produced  no serious 

f r a p n t a t l o n   b a m r d   t o   e l t h e r   t h e   p l l c t  o r  copllot. 

Slde Wmdow (vylyl   mter layer  0.3O-inch thlck in  both  the  interlor and 
exteTlor  panels). 

1. ~ h l s  wmdow, cons l s t lm  of two panels,  constructed as shown UI 
Douglas Alrcraft  Co. Drawmgs Nos. 5616273, Revlslon B, and 5616353, 
Revlslon A, i s  cons1de:ed t o  be capable of preventing  the  penetratlon Of 8 

4-pound blrd carca63 a t  em impact veloc1t:r of at  l e a s t  425 rnph for an upper 
outboard  corner s t r ~ k e   p o s l t l o n ,  provlded t h a t  a minmum temperature of 110" 
F. 1s maintained m both  panels. Thls is based upon analysis of the results 
of Tests Nos. 1 through 5. Upper outbard  corner   mpnct   tes ts  were not 
conducted on t h l s  wlndow beyond a velocl ty  of 394 mph.  Based on the   resul ts  
of Test No. 3, t h l s  wmdow w l l l  prevent  penetratlon a t  a veloci ty  of 394 mph 
provlded  both  exterior and Interlor  pcnels  ere  malntalned a t  a mmllIlUm 
temperature of 100" F. 

2.  For a blrd-strlke  veloclt jr  of 425 mph nth the strike occurrlng 
a t  PA upper outboard  corner,  flue  glass p r t l c l e s  from the aft  face of the 
inter lor   panel  of t h l s  mndow are  du-ected toward p i lo t   2e r somel  below eye- 
level   posl t lon,  This 1s h r C u p o n   t h e   r e s u l t s  of tests conducted on slde 
Wmdows contommg  0.36-mch-thlck  vlnyl  lnterlayers. 

Slde Wlndow (vmyl   lnter layer  0.36-1nch thlcl;  In  both  the  mterlor and 
exter lor   panels) .  

1. Thls wmdow, consmtlng or  two p a ~ ~ l s ,  constructed as shown In 
Douglas Aircraf t  Co. Drawmgs Nos. 5593704, Revlslon B, and 5593703, 
Revlslon B, will r e s l s t  the  penetratlon of e 4-pound blrd carcass a t  an im- 
pact VeloCltY slightly greater   thvl  482 mph f o r  a bu-d  str&e  near tile upper 
outkmd  corner  provlded a rnlnlmun temperature of 110" F. i s  malntamed m 
both  the  exterm- and mter lor   panels .  The upper outboua  corner l a  a c r i t -  

strike location f o r  thls wmdow. This wlndow will res i s t   pene t ra t lon  a t  
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h25 mph f o r  an  upper  out'soard otr:ke posltion,  provided  that a rnlnmm 
temperature of 100" F. 1s malntamned In bo'& the   exter lor  and lnterlor 
panels. !These conclusions are  based upon t h e   r e s d t s  of Tests Nos. 9 and 13. 

2.  For a b l r d  strl:;e near the upper onVaoarC: corner at  a velocrty as 
low as 425 mph, glass fi-aments are  Fropelled tow& the   f ac l a l  areas of the 
p l o t  personnel. Tins does not  agpeax to   cons t i tu te  a appreciable danger 
t o  them, however, m-til a velocl ty  of 448 mph i s  reached. A t  thls veloclty, 
tne  @dSQ-mpUge?nent  pattern on the p l h t  extendzd from eye l e v e l   t o  neck 
le-cel. A t  a velocity of 482 m2h, the  f1ymg dass  mpmgement is similar 
t o  that experienced a t  448 mph, but  both  the velocity and amount of' glass 
par t lc les   mpmgmg upon the  pl lot   mcreased  notxeably.  AE noted from the 
results of Tests Nos. 9, 12, and 13, the goggles w o n  by the   pl lot   protectea 
h1s e:= a r e a   a t  a l l  tes t   ve locr t les  where no penetratlon  occurred. These 
*Fee t e s t s  lnvolved  upper  outboard  corner  Impzcts, whlch i 8  t h e   c r i t l c a l  
s t r ike  posl t lon on th-s wmdow relat lve  to   wlndshleld fragmentation. 

Clear-View Wudow. 

1. The wFndow deslgn  incorporating two stretched Plex-55  panels as 
Shawn m Douglas h r c r a f t  Go. Drawmg No. 5616437, Revision A, f a l l e a  
Test NO. 7 a t  a blrd-s t r lke velocity of 400 mph. The  window frame cracked, 
ailowmg  the mndow to  uulhtch and swing  mwar6 Into  the back of the  co- 
p l o t ' s  head. This design was revlsed by  addlng a flxed  bar whlch r ig ld ly  
retamed  the a f t  wlndow edge, as shown In FIE. 6. The design, as revlsed, 
falled  durlng  Test  No. 10 a t 3 8 6  mph as both acr?Jlic panels  shattered. The 
penetratlon  velocity of t h l s  wmdow 1s conaldered t o  be well below 386 mph. 

2. F l y m g  nndow  material  from  the  stretched  Flex-55  double-panel 
window dld no t   s t r l ke   t he   p i lo t  during Tests Nos. 7 and 10. The Flex frag- 
ments, whlch were propelled mwzrd, passed behind the   p l lo t ' s  head posit lon 
toward the  center ami? of the  cockplt. 

3. The  wlndow deal@  mcorporating an exterlor stretched Flex-55  panel 
ana an mterlor  glass-vmyl-glass  panel,   as shown m Douglas Alrcraf t  Co. 
Drawings Nos. -5615112, Revision A, and 5613987, Revlsion C, respectlvely, 
W l l l  reslst penetration a t  446 mph provided  the -1 mter layer  of the In- 
t=r ior   pane l  16 malntalned a t  a tem7eratu-e  equal t o  o r  greater  than 105~ F. 
a n 6  a f t  Kl~~OW-frame  latch  equal m strength  to  the  f lxed retamer shown 

Fig. 6 1s msta l l ed .  Thls is based upon the  results of Tests NOS. 16 
and le .  
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4. A t  448 mph, f1y;ng g h s s  from t h e  design lncorporating a g lass-  
vmyl-glass  Interlor  penel  struck  the side of   the  pl lot ' s   face when a b u d  
strlke  occurred  near  the upper forward edge of the w,n<ow. This 1s a c r i t i c a l  
s t r lke  locat loi l  f o r  thls rrlndow r e l e t l v e   t o  @ass fragmentation. The pilot's 
eye area was forward of the  glass-impmgement  pattern on the pilot's head, 
end the  veloclty of the glass particles was qul te  low, a8 shown rn the 
r e su l t s  of Test No. 18. 

5. The  window deslga  Lncorporatlng two stre'dhed  Plex-55  panels and a 
1/4-1xch-thick P l e x  protcctlve  shleld mounted mboara of md pora l l e l  t o  the 
interror  panel, as shown m Douglas dlrsraft Co. Prawmgs Nos. 5616457, 
Rens;on A, and EO gG34g17, proved t o  be more haz.axdous t o  p l l o t  personnel 
than did  the Borne wlndow with no shield.  Upon u p a c t   a t  386 mph durlng 
WSt No. 19, the ?lex shleld  shattered  comgletely and one or more ?lex-55 
frngments struck  the back of the pilot's head nth sufficient energy  to 
Indent  tne  clay wrth a g x h  1 1/2 rnches long, 1/2-inch deep, and l/b-lnch 
l n  wldth. 



PABLE 1 

Poslt lon of lrnpdct 

T e s t  No Window  Velocrty Results 
( S e e  4) ( v h )  

1 
2 

s- 
s 

408 
401 

4 
5 

C 426 
C 393 

6  C 
7 

405  No penetratmn 

E s 
9 s 

424  Penetratmn 

10 CV 
11 

395 Penct ra tmn 

13 s 482 No penetratmn 
14 c 466 
15 c 460  No  penetratmn 
16 CV 404  (3) No penetratmn 
17 Forward  Deck  490 No  penetratmn 
18 cv 448  (3)  No  penetratmn 
19 cv 435 
20 CV 3 86 

Penetrat ion 
Penet ra tmn 

Penet ra tmn 
No penetratmn 

Shght   penetratmn 
Penetratlo" 

J s-  394 (1)  No  penetratmn 

CV 400 (2)   Penetrdtmn 

CLEAR-VIEW 4.5 No penetratmn 

C 444 Sllght  penetratmn 
12 5 448 Na penetratmn I m 

Penet ra tmn 

PLOTTED POINTS 
INDICATE  APPROXIMATE 
LOCATION O F  CARCASS 
IMPACT 

> (4)  s = stde window, c = center   wndow, C V  = clear-vlew wmdow 

FUSELAGE R E F  PLANE 
-. 7 I 

COCKPII  FLOOR I L L  



Sheet Rev. 

Enclosure  Assmbly Fuse!age - Wlndshleld  Test C 

Enclosure  Instzllatlon - Cockpit Upper S l l l S  1 E 

Enclosure  Instailatlon - Cock$t  Lower Slsis 1 E 

Tes t   Ins ta l la t lon  - Tdlndsh~.eid Panel and Sdls 1 A 

Panel Assembly - Center  Wlndshleld - Outer 1 A 

Panel Assembly - Center  Wlndshleld - Inner 1 A 

Panel  Assably - CenbE  Vlndshlel-d - OAer 1 B 

Panel Assembly - Center Wmdshleid - ImCi 1 B 

Panel Assembly - Slde Wxdshleld - Outer 1 A 

Panel Assembly - Sld i  Wlndshlcld - I n n x  - 1 A 

Panel Assembly - SI& Wlnrlshkld - Outer 1 B 

Panel Assembly - S d e  Wmdsh1cld - Inner 1 B 

Window Assembly - Pllot's Clear-Vlcw 3 - 

Panel Assembly - Gh.,ru?Xk:cr,; Ymtc3crr  &L>J, 1 C 

Wmdow Assembly - Pllot 's   Ckar-Vlew 1 - 
Panel - Clear-Vlew Wlndow - Acrylic  Outer 1 A 

Panel - Clear-Vlew Wlndow - Acryilc 1 A 





IABLE I11 [ConLmued) 

2 1  

I I 
- -t +- 



SEMITEMPERED  GLASS 7 VINYL  INTERLAYER 
21 PARTS  PLASTICIZED 

0 063  IN - 
I 1 

I > 

4 
METAL  INSERT - BOLTING  FULL-TEMPERED 
EDGE  COMDINATION - GLASS 
MATL - 2024 - T 3   A L  

COIiSTRUCTION  OF  CENTER 
WINDOW EXTERIOR  PANEL 

A = 0 300  IN - R E F  DAC  DWG NO 5616219 REV A 
A = 0 300 IN - R E F  DAC  DWG NO  5593529  REV 3 

EDGE  COMSINATION - 
METAL  INSERT - 30LTING  FULL-TEMPERED  GLASS 

MATL - 2024 - T 3   A L  VINYL  INTERLAYER 
21  PARTS  PLASTICIZED 

I I  
I 7 

b 
> 

I I ,  I 1 P 
I 

0 063  IN 
SEMITEMPERED G 

I I  
I 7 

b 
> 

I I ,  I 1 P 
I 

0 063  IN 
SEMITEMPERED GLASS 

-1p.r 

LASS 

CONSTRUCTION O F  CENTER 
WINDOW INTERIOR  PANEL 

3 = 0 300 IN - R E F  DAC DWG NO 5616240 REV A 
3 = 0 360 IN - R E F  DAC DWG NO 5593546  REV B 

FIG 1 C E N T E R  WINDOW CONSTRUCTIOK 



SEMITEMPERED  GLASS  VINYL  INTERLAYER 
2 1  PARTS  PLASTICIZED 

0 0 6 3  IN 

L METAL  INSERT - GOLTING  FULL-TEMPERED  GLASS 
EDGE  COMZINATIOK - 
MATL - 2024 - T 3  A L  

COKSTRUCTION O F  SIDE 
WINDOW IPiTERIOR  PANEL 

C = 0 300 IN - R E F  DAC DWG NO 5616275  REV A 
C = 0 360 IN - R E F  DAC DWG NO 5593704  REV I 

METAL IPUSERT - I IOLTIhC FULL-TEMPERED  GLASS 
EDGE  COMZINATION - 
MATL - 2024 - T 3  AL r SEMITEMPERED  GLASS r 

\ A 7 I 
L 0 063  IN 1 VINYL  INTERLAYER 

L. 1 PARTS  PLASTICIZED 

COXSTRUCTIO3  OF  SIDE 
WINDOW EXTERIOR  PANEL 

D = 0 30G IN R E F  DAG DW., KO 5516353  REV A 
D = 0 360  IN R E F  DAC  DWG NO 5533703  REV 2 

FIG 2 SIDE WIXJDOW CONSTRUCTIOS- 



NAS  333 - C P A  - 3116-IN 
DIA C 'S 'K   HD  BOLTS - 
160,000 - 180,000  PSI  
HEAT  TREAT - 10 BOLTS 

DOUBLER  RETAINER 
M A T ' L  - LOL4-T3 
ALCLAD 

HEAT  TREAT - 10 BOLTS 

U P P E R   S I L L   S T R U C T U R E  
M A T ' L  - S T E E L   4 1 4 0   C M  

H E A T   T R E A T  
160,000 - 180,000 PSI 

NAS 334 - C P F  - 1/4- IN 
DIA C ' S ' K  HD E O L T S  - 
160,000 - 180,000  PSI NAS 334 - C P F  - 1 / 4 - I N  

DL4 C 'S 'K HD BOLTS  HEAT  TREAT - 11 BOLTS 

H E A T   T R E A T  - 10 EOLTS 
160,000 - 180,000  PSI 

FASTENING  UPPER WINDOW 
EDGE - 9 BOLTS  FASTENING 
LOWER WINDOW EDGE 

DOUBLER  RETAINER 

C E N T E R  WIXDOW 
INTERIOR  PANEL 

C E h T E R  WINDOW 
EXTERIOR  PANEL  LOWER  S ILL  STRUCTURE 

M A T ' L  - S T E E L   4 1 4 0   C M  
160.000 - 180.000 PSI 
H E A T   T R E A T  

DOUBLER 
R E T A I N E R   M A T ' L  
2024-T3  ALCLAD 

NAS 334 - C P F  - 114-lp.1 
DIA C ' S ' K H D   B O L T S  - 
HEAT  TREAT - 11 d O L T S  

_ _  160,000 - 180,000 PSI 

- 

FIG 3 C E N T E R   W I U D S H I E L D   b P P E R  AIvD LOWER  SILL  RETAINING  ARRANGE*IENTS 



SIDE WINDOW 

NAS  334 C P F  - 114-IN 
DIA C'S'K HD BOLTS - 
HEAT  TREAT - 9 BOLTS 
160,000 - 180,000 PSI 

FASTENING  EACH 
WINDOW P A N E L  

M A T ' L  - 2024-T3 
DOUBLER  RETAINER ---.- 
ALCLAD - ---- _ _  4140  CM  STEEL - 160,000 - 

180,000 PSI  HEAT  TREAT 

FIG 4 C E N T E R  AND SIDE WINDSHIELDS L E F T   C E N T E R  POST AND 
CORNER  POST  SILL  RETAINING  ARRANGEMENTS 



DIA  C'S 'K  HD BOLTS - 
NAS 334 - C P F  - 1 / 4 - I N  

HEAT  TREAT - I 1   B O L T S  
1b0,OOO - 180 000 PSI 

DOUBLER  RETAINER 
MATIL - ZO24-T3 

NAS  333 - C P A  - 3116-IN  ALCLAD 
DIA  C 'S 'K  HD  BOLTS - 
160.000 - 180,000 PSI 
HEAT  TREAT - 10 BOLTS 

DL4 CIS'K HD  BOLTS - NAS  334 - C P F  - 114-IN 

160,000 - 180,000 PSI 
HEAT  TREAT - 10 BOLTS NAS 334 - C P F  - 1 / 4 - I N  

DIA C I S I K H D   B O L T S  - 

HEAT  TREAT - LO B O L T S   U P P E R   S I L L   S T R U C T U R E  
l*0 ,000  - 180,000 PSI  

M A T ' L  - 2014-T6  BAR 

DOUBLER  RETAINER 

ALCLAD 
M A T ' L  - 2024-T3  SIDE WINDOW 

INTERIOR  PANEL 

SIDE  WIhDOW 
EXTERIOR PA 

DOUBLER  RETAINER 
M A T ' L  - 2024-T3 
ALCLAD 

NAS 334 - C P A  - 114-IN 
DL4 C'SIK HD  BOLTS 
160,000 - 180,000 PSI  
HEAT  TREAT - 1 2  3 0 L T S  

NAS 334 - C P F  - 114-IN 

DOUBLER  RETAINER 
DIA C'SIK HD BOLTS - 

M A T ' L  - 2054-T3 
160,000 - 180,000 PSI 
H E A T   T R E A T  - 1 3  BOLTS 

ALCLAD  FASTENING  WWER  WIN-  
DOW EDGE I 2  3 O L T S  
FASTENIhG  LOWER 
DOUBLER  EDGE 

ER SILL  STRUCTURE 
' L  - 4140   CM  STEEL 

160,000 - 180,000 PSI 
H E A T   T R E A T  

F I G  5 SIDE  WINDSHIELD  UPPER AND M W E R   S I L L   R E T A I N I N G   A R R A N G E M E N T S  



CLEAR-VIEW WINDOW 
EXTERIOR PANEL 

FIG 6 CLEAR-VIEW WINDOW AFT  SILL  ARRANGEMENT 



r E X T E R I O R   P A N E L  
S T R E T C H E D   P L E X - 5 5  

TRANSPARENT 
ACRYLIC  SPAC 7 

i 
0 6 7 5  
1 

AIRSPACE 0 260 

INTERIOR PANEL- I 7 
S T R E T C H E D   P L E X - 5 5  

\ \ 
0 525 

TRANSPARENT 
ACRYLIC 

AIRSPACE 

INTERIOR  PANEL 
S T R E T C H E D   P L E X - 5 5  

DESIGN NO 1 
R E F  DAC DWG NO 5b16457  R E V  D 

/- E X T E R I O R   P A N E L  
S T R E T C H E D   P L E X - 5 5  
R E F  DAC  DWG PVO 
5615112 

F U L L - T E M P  G 

VINYL  INTERLAYER 
2 6  P A R T S   P L A S T  

M E T A L   I N S E R T  
M A T ' l  - 2 0 2 4 - T 3   A L  INTERIOR  PANEL  GLASS-  

DWG NO 5613987  REV C 
VINYL-GLASS - R E F  DAC SEMI-TEMP  GLASS DESIGN NO 2 

EXTERIOR  PANEL 
S T R E T C H E D   P L E X - 5 5  

0 675  

I I 
I AIRSPACE 

TRANSPARENT \ 
ACRYLIC  SPACER 

S T R E T C H E D   P L E X - 5 5  
INTERIOR  PANEL *: - 5- AIRSPACE Y- 0 7 5  

P L E X - 5 5  
DESIGN  NO 3 

R E F  DAG DWG NO, 561b457 
REV D AND E 0 5654977 

F I G  7 CLEAR-VIEW  WINDOW  CONSTRUCTION 



FIG 8B WINDSHIELD  TEST  COCKPIT  MOUNTING  ARRANGEMENT 



F I G  10 TEST NO 1 - INTERIOR P A N E L ,   P R O J E C T I L E  VELOCITY - 408 MPH 



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



FIG 

F I G  14 TEST NO 3 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 394 M P H  



F I G .  15 TEST NO 3 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 394 M P H  

FIG 16 TEST NO 3 - PILOT,   PROJECTILE  VELOCITY - 394 MPH 



. . .~.. __ 

FIG 1 7  T E S T  NO 4 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 426 M P H  

F I G  1 8  TEST NO 4 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 426 M P H  



~ ~ ~ ~~ ~ .~~ ~~. - .._. 

F I G  19 TEST NO 5 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 3 9 3   M P H  

F I G  LO T E S T  NO 5 - IN ' IERICR  PANEL,   PROJECTILE  VELOCITY - 393  MPH 



FIG 21 TEST NO 5 - P I L O T ,  PROJECTILE  VELOCITY - 393 M P H  

F I G  ’ T E S I  NO i, - INTERIOR  PANEL,   PRCJECTILE  VELOCITY - 4Q5 M P H  



F I G  2 3  T E S T  NO 6 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 405 MPH 

F I G  24  TEST NO 6 - PILOT,   PROJECTILE  VELOCITY - 405 M P H  



F I G  25 TEST  NO. 7 - OUTSIDE  COCKPIT,   PROJECTILE  VELOCITY - 400 M P H  

F I G  26 TEST NO 7 - INSIDE  COCKPIT,   PROJECTILE  VELOCITY - 400 M P H  



F I G  27 TEST NO 7 - WINDOW F R A M E ,   P R O J E C T I L E   V E L O C I T Y  - 400 M P H  

FIG 2.3 TEST NO 8 - EXTERIOR PANEL, PROJECTILE VELOCITY - 424 MPH 



FIG 2 9  TEST NO 8 - INTERIOR PANEL, PROJECTILE  VELOCITY - 424 MPH 



FIG 31 TEST NO 8 - INTERIOR  PANEL AND COPILOT,   PROJECTILE  VELOCITY - 
424 M P H  

FIG 3 2  TEST NO 9 - EXTERIGR  PANEL,   PROJECTILE  VELOCiTY - 425 M P H  



F I G .  3 3  TEST NO 9 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 4 2 5  M P H  

FIG. 34 TEST NG 9 - P I L O T ,   P R O J E C T I L E   V E L O C I T Y  - 425 M P H  



FIG 35 TEST NO 10 - EXTERIOR P A N E L .  PRCJECTILE  VELOCITY - 3 9 5  M P H  

FIG.  36 TEST NO 10 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 395 M P H  



FIG. 37 T E S T  NO  10 - P I L O T ,   P R O J E C T I L E   V E L O C I T Y  - 395 M P H  

FIG 38 T E S T  NO 11 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 444 M P H  



FIG 39 TEST NO 11 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 444 M P H  

FIG 40 TEST NO 1 2  - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 448MPH 



F I G  41 TEST NO 12 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 448 MPH 

F I G  42 TEST NO 12 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 448 MPH 



FIG 43 TEST NO 1 2  - PILOT,   PROJECTILE  VELOCITY - 4 4 8  M P H  

FIG 4 4  TEST NO 1 3  - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 4 8 2  M P H  



FIG 45 TEST NG 13 - INTERIOR PANEL, PROJECTILE VELOCITY - 482 MPH 

FIG. 46 T E S T  NO 13 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 482 M P H  



F I G  47 TEST NO. 1 3  - PILOT,   PROJECTILE  VELOCITY - 482 M P H  

FIG 4 8  TEST NO 14 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 466 M P H  



FIG. 49 TEST NO 14 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 466 M P H  

FIG 50 TEST NO 14 - PILOT,   PROJECTILE  VELOCITY - 466 M P H  



F I G  51 TEST NO 1 5  - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 460  MPH 

FIG 52 TEST NO 15 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 460 MPH 



FIG. 53 TEST NO 16 - CLEAR-VIEW WINDOW PRIOR TO TEST 

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



FIG 55  TEST NO 16 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 404 MPH 

FIG. 56 TEST NO 16  - COPILOT,   PROJECTILE  VELOCITY - 404 M P H  



F I G  57 TEST NO 17 - OUTSIDE  COCKPIT,   PROJECTILE  VELOCITY - 490 MPH 

FIG 58 TEST NO 17 - INSIDE COCKPIT,   PROJECTILE  VELOCITY - 490 M P H  



FIG 59 TEST NO 18 - EXTERIOR  PANEL,   PROJECTILE  VELOCITY - 448 MPH 

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



FIG 61  TEST NO 18 - PILOT,   PROJECTILE  VELOCITY - 448 MPH 

FIG 6 2  TEST NO 19 - EXTERIOR PANEL, PROJECTILE VELOCITY - 435 MPH 



FIG 63 TEST NO 19 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 435 M P H  

FIG. 64 TEST NO 19 - COPILOT,   PROJECTILE  VELOCITY - 435 M P H  



FIG 65 TEST NO 20 - EXTERIOR  PANEL,  PROJECTILE  VELOCITY - 386 MPH 



FIG 66 TEST NO 20 - INTERIOR  PANEL,   PROJECTILE  VELOCITY - 386 MPH 

FIG. 67 TEST NO 20 - PILOT, PROJECTILE V ~ L O C I T Y  - 386  MPH 


