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BIRD-IMPACTTESTS OFTHE 
BOEINGMGDEL 707 AIBPLANE WINDSHIELD 

Tests of the impact of birds on the windshield of the Boeing 
Model 707 azplane were conducted. at the Technical Development Center of 
the Civil Aeronauzics Admin~tration, Indianapolis, Indiana, from July 12 
to July 22, 1956. The purpose of the tests was to determine the ability of 
the windshield snd supgortmng structure in front of the pilot and co-pilot 
of the a~rplsne to resist penetration under the impact of a four-pound bird 
carcass ~ The Boe:mg Airplane Company requested that the sliding and eye- 
brow windows be impact tested for informational purposes only. Teats also 
were conducted to evaluate the possible hazard to crew members resulting 
from wlndshleld fragments of flying glass. A complete resume of tests ie 
presented in Table I. 

No measurements of the angular deviation of the line-of-sight of 
the Kindshield panels ~sre made because the panels submitted for tests were 
not required to have a high degree of optical quality by the Boeing Airplane 
company. 

T&Z tests were conducted with the assistance of Messrs. Robert L. 
Peterson and Benjamin Cosgrove of the Boeing Airplane Company. 

Boeing's proposal for these tests is contained in Document. 
No. n-18454, "Procedures for Windshield Bird-Resistant TeStB Model 7Wr” 
dated May 15, 1956 (revised June 26, 1956). 

WSNDGHIFZD IXSTUTION 

General. 
The Kindshield-canopy structure tested Was in accordance with 

Boeing Airplane Company drawings listed in Table II. The test article has 
been verified as conforming to these drawings by Mr. G. B. Hedge of that 
company In his letter of August 23, 1956, file No. 6-4830-3-48 to 
Mr. B. L. Carter, Airworthiness Engineer, Boeing Airplane Company. 

The windows which Boeing agreed should be tested for ccunplisnce 
With Part 4b of the Civil Air Regulations consisted of two flat main panels 
referred to as pilot No. 1 and co-pilot No. 1. Two other windows referred I 
to as pilot No. 2 sliding window and pllot No. 4 eyebrow vindov also were 
tested, Ihe pilot No, 1 and co-pilot NO. 1 windoWS are idt%tlCfd in 



TABU I 

PCSITICN OF IMPACT 

n No. 4 Window 

I 
No. 1 Window 

No. 2 h-do~ 

Teat Velocity 
No. bph) 

1 
2 

l 

2 
7 
8 
9 

10 
ll 
12 
13 
14 

355 Penetration* 
380 Slight penetration* 
393 No penetration 
416 No penetration 
422 No penetration 
440 Uo penetration 
380 No penetration 
378 No penetrationww N 
400 No penetration 
460 No penetrationm 
420 No penetration 
393 Penetration 
450 Penetration 
405 No penetration* 

Results 

*Vinyl temperature below optimum 
hznaximm strength. 

-upporting structure failure allow&g 
part of carcass to enter cockpit. 



Drawing Title 

5-61~6 
Fi’1769 
5-71770 
5-71770 
5-71771 

Intercostal Installation 
Seal Installation 
Seal Instsllation 
Frame Installation 
Frame ImLallation 

5-71772 Sill Installation and Closure Panel 
5-71773 Sill Installation 
5-71-n 4 Sill InstsLLa?ion 
5-71774 Skin Installation 
5-717-75 Sill Installation 

5-71777 Sill Installat10n 
5-71778 Sill Installation 
5-71779 Sill Installation 
5-71795 Angle Installation 
5-73100 Sill Installation 

5-84402 Seal Imtallation 
5-84473 Doubler Installation 
5-84474 Intercostal Installation 
5-84475 Splice Plate Installation 
5-86040 Sill Installation 

5-88446 Doubler Installation 
5-88789 Frame Installation 
5-w9o Frame Installation 
5-89070 Window and Faying Seal Installation 

w&371 

go-3327 
go-5047 
go-6115 
go-6184 

Handhold Installation 
Intercostal Installatmn 
Intercostal Installation 
Clip installation 
Frame Installation 
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TAatE II 

MODEL 707 CANOPY DFlAWINCS 

Sheet 

2 
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2 
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2 
2 
2 
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*Advance Drawmg Chamge Notice 
*drawing Change Notice 
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construction and size. This is true also of the pilot No. 2 and co-pilot 
No. 2 sliding windows and of the pilot No. 4 and co-pilot No. 4 eyebroW 
windowa. 

All of the windehield panels tested incorporated the electrictiy 
operated ad controlled NESA heating unit developed by the Pittsbugh Plate 
Glass Company. 

The pllot No. 1 and co-pilot No, 1 windows are mounted by bolting 
the semirigid, extended vinyl, metal insert sad laminated phenolic ccmbina- 
tion edge direc+Jy to the top and lower windowsills md the centerpost. 
The bolting arrangement consisted originally of a row of 0.1875-inch- 
dlsmeter, 160,000 pal, heat-treated, NAS-5.!7 countersunk head bolts spaced 
at 1.15 Fnches on centers along the top sill, snd a row of O-1875-inch- 
dmueter, 160,000 psi, heat-treated, NAS-517 countersunk head bolts spaced 
at 2.30 inches on centers along the centerpost and lower Windowsills. This 
mOlmting arrangement is shown in Figs. 1 snd 2. The comerpost window edge 
is retained by a series of equally spaced rectangular retainers protruding 
from the insiae of the cornerpost sill. Upon fitting the comerpost windoW 
edge over the rectangular retainers, the edge is held in place by an 
L-shaped backup bar wUch fits snugly against the innermost surface of each 
retainer and is bolted in place. !I!hia arrangement for retaining the corner- 
post window edge is shown with a proposed revision in Fig. 2. 

Changes Made During Tests. 
During tests Noa, 2 and 6, the upper sills of the pilot No. 1 and 

Co-pilot No. 1 windows crack&, and an 0.125-inch-thick 75sT Alclad 
doubler plate Was incorporated as shown in Figs. 16 and 31 to stiffen the 
weakened sills. Tne cracks which developed in both of these upper WindOW- 
sills are not considered to be due to weakness on their psrt, but were 
due to continuous cold working of the sill material as it w&s deformed and 
straightened during successive impact tests. 

Because of failure of the upper sill bolts during test No. 10, 
which was &II upper aft corner strike at 460 mph, the first seven upper eill 
bolts counting inboard from the cornerpost were increased to 0.25-inch- 
diameter prior to test No. 13 as shown in Fig. 31. In addition, to provide 
for more positive retaining of the upper cornerpost window edge during test 
No. 13, the L-shaped backup bar (Part No. 5-7l769-3005) Was increased in 
1eng-b as shown in Fig. 2. 

The pilot No. 2 sliding Klnaar was revieed as shovn in Fig, 24 
prior to test No. 11 as a result of failure of the upper aft retaining 
pomt during test No. 8. 
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The pilot No. 4 eyebrow window retaining arrangement was revised 
by doubling the number of bolts and increasing their 8ze to 0.25-mch 
diameter prior to test No. 14. This revision, shown XI Figs. 34 and 35, 
was prompted by the failure of this window during test No. 12. 

To protect the pilot against flgrcg glass, a protective trans- 
parent x&or-type shield was em-played during teets Nos. 9, 10, and 14 a8 
ehown in Figs. 21, 22, and 35. For test No. p, en 0.125-inch-thick sheet 
of stretched plex-55 acrylic waa used; for tests Nos. 10 and 14, an 0.125- 
Inch-thick sheet of cellulose acetate wafl wed. These shields were retained 
at one edge only, and they were mounted adJacent to the inside face of the 
window as shown in the appropriate figurea. 

DESCRIPTION OF WINISHIELD AND WINDOWS 

Windshield, Pllot No, i and Co-Pilot No. 1. 

Height: 
Width : 

TOP 
Bott0m 

Thickness: 
Front Face 
Interlayer 

Rear Face 
Metal Insert 
Extended Edge 

Slope: 
Vertical Axie 
Horizontal Axis 
Total Angle 
(measured from a 
line parallel to 
the line of 
fli&t) 

1.6 l/2 inches 

30 l/2 inches 
33 l/2 inches 

l/b-inch full tempered glass 
3/&inch vinyl (20 per cent 
plasticizer) 
l/2-mnch full tempered glass 
0.103 nonmagnetic steel 
1 inch outside face 
518 inch inside face 

45’ 
30’ 

19" approximately 

Sliding Winds, Pilot No. 1 and Co-PIlot No. 2. 

Height' 
Front Edge 18 114 Fnches 
AftEdge 22 l/2 inches 
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Width: 
Top 
Bottom 

Thickness : 
Front Face 
Interlayer 

Rear Face 
Metal Insert 
Extended Edge 

Slope: 
To+d Angle 
(measured from a 
line parallel to 
the line of 
fligbC) 

16 l/2 inches 
22 inches 

x/16-inch full tempered glass 
7/16-inch vinyl (20 per cent 
plasticizer) 
X/e-inch full tempered glass 
0.079 24-S~ aluminum 
l/8 inch jnside edge 
11/16 inch outelde edge 

70" approximately 

Eyebrow Windows, Pilot No. 4 end Co-Pilot No. 4. 

Height: p l/2 inches 
WYith: 

TJP p inches 
l3ott.m 11 7/8 inches 

Thichess : 
Front Face l/8-mch full tempered glass 
Lterla~w 5/16-Inch v-1 (20 per cent 

plaeticlzer) 
Rear Face l&inch full tempered glase 
Metal Insert 0.025 24-S~ aluminum 
Extended Edge 5/8 inch innside face 

1 l/8 inch outaide face 
Slope: 

Total hgle 
(measured from a 
li;le parallel to 
the lue of 
fl@.A) 50" approximwcelg 
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TESTPROCEDDPX 

Freshly killed chicken carcasses were propelled at the test 
etructwe by means of a compressed-arr gcn. To increase the efficiency 
and accuracy of performsnce of the compressed-air gun, the chicken car- 
casses, backed by a b-inch-thick Styrafoam plug 6 inches in diameter, 
were placed 1n a cloth bag which was tied. This arrangement gave the 
appearance of a projectile approximately 12 inches long by 6 inches in 
diameter. The combined weight of the chicken, Styrsfoam plug, and cloth 
sack was 4 pounds, plus or minus 2 ounces. The weight of the plug and sack 
was approximately 3 omce8. Points of impact were determined by an accurate 
system of axgbting the compressed-air gun at the target. 

The cockpit structure used in these tests was fastened secUxly to 
a temporary wood structxe which had been built up from and was securely 
fastened to the test-cell bed. The back of the cockpit was supported by 
posltionxag 2- by 6-inch wood members behind the principal longitudinal 
structural members of the cockpit. llhls mounting arrangement is shown in 
A of Fig. 3. 

TWO life-sized clay torsos representing the prlot and co-pilot 
were positloned in ihe test cockpit to duplicate as nearly as possible the 
actual Location of eye positions in the Model 707 airplane. The positioning 
16 shown in A and B of Fig. 3. Dsmage to these clay torsos wu repaired a6 
required after each test by cleaning them as much as possible, after which 
a new layer of clay was applied. 

An aluminum glare shreld was clamped into the posrtion normally 
occupied by the top of the instrument panel in the operational aircraft. 
l%e posltionw of this shield is shown in B of Fig. 3. 

Impact tests on the No. 1 Klndows were made et the geomeffic 
center, at a point on the horizontal centerllne six Fnchee inboard of the 
centerpost and at the upper aft corner of the window. 

Velocity meas urements were determined by the bird carcass break- 
%ng three pairs of fine steel wires posltloned between the gun muzzle and 
the windshield canopy, Two pairs of these wires were connected to a record- 
ing oscillograph; the third pair of -es was connected to an electronic 
chrono~aph. A fourth method for determining the velocity of the bird C&T- 
cass, using a high-speed camera, was employed primarily as a check on the 
oscillograph and chronograph. Bird-carcass velocities accepted as correct 
for tests Nos. 7 and 11 were those taken from the velocity versus pressure 
calibration chart of the gun. Bird-carcass velocities for tests Nos. 9 and 
14 titrmatelg were obtaIned through the use of the high-speed csmera 
because apparently faulty velocity indications were obtained from the 



oscillograph and chronograph, In test No, 9 at 75 pounde per equate inch 
gage pressure (psig) the bird-carcass velocity w&8 expected to be near 475 
mph. The velocities whxh were determined from the timing devices were 555, 
570, and 650 mph. High-speed pictures of this teat ahowed that the Styra- 
foam plug preceded the bird carcaB out of the gem muzzle. The VehCity Of 

the Plug aa determined by the high-speed film waB 630 mph. This estimate ia 
baaed upon the plug traveling a distance of 9.59 feet in 15 frame8 of film 
at a camera speed of 1440 frames per second. The bird carcaaa traveled 
this same distance in 24 frames at the same camera speed, indicating that it 
was traveling at elightly lese than two-thirds, or 0.625 times the speed of 
the plug. In computing the finelized velocity for teet No, 9, the value of 
640 mph, which is the everage of the highest recorded velocity of 650 mph 
and the high-speed fih velocity of 630 mph, wa8 ueed. The resulting speed 
of the bird carca88 then wan determined to be 0.625 x 640 I 400 mph. 

Heating of the test windows wa8 accomplished by applying the 
required voLtage to the NESA heating units on each window. Temperature 
readings were obtained from the window-seneing unit. After teets Nos. 1 
ti?, window temperature.9 were maintained between 105” and 115' F. just 
prior to firing. 

TEST E3SULl-S 

The conditions and reeults of the individual impact tests are 
a8 follows: 

Test NO. Date of Window Aiming Carcase Vinyl 
Teat Tested Point Velooity Temperature 

M-4 (degrees F,) 

1 7/12/56 No. 1 Center of 355 69 
pilot window 

The carcasa hit approximately 3 inchee below the aiming point. 
Part of the carca88 passed through the window and part was deflected over 
the top of the canopy. Three-fourths of the window we.8 completely de- 
stroyed, end the center section of tb.e upper eill wae bent inward by the 
Fmpact. Tbe glare shield originally poeitioned ae shown in B of Fig. 3 was 
bent downward. The clay dunany in the pilot’s position received a concen- 
tration of flying glass in the lower right chest area in addition to a 
few particles of glass mixed with bird entrails full in the faoe. This 
was not considered to be a valid teat of maximum impact-absorbing qualities 
of the window and supporting structure because the vinyl wa.s maintained 
at a temperature of only 69 F. Reeults of this test are shown in 
Fig. 4. 
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Test No. Date of window w: Carcaeu Vinyl 
Test Tested Point Velocity Te.UipelYXture 

(mph) (degrees F.) 

2 7/u/56 No. 1 Center of 380 90 
pilot window 

The carcass hit approximately 2 inches above the target pooint. 
The upper sill cracked open horizontally, allowing penetration of an WI- 
determined amount of the cexcasa, and the fuselage skin was peeled back 
directly above the cracked section of the sill as shown In Fig. 5. Pm-e 
was slight penetration of the vinyl through a small tear near the upper 
sill as shown in Fig. 6. The clay dmumy received a heavy concentration of 
glass particles jn the upper chest and right arm area. Much of this glass 
merely impinged upon the clay, and it is doubtful that the apparently heavy 
damage shown in Fig. 5.would have occurred ip the dummy had been clothed. 
A few particles of glass and a small amount of bird entraile hit the clay 
dummy's face. The glare shield again was buckled downward as in the We- 
PIOUS teat. Vinyl temperature for this test was considered too low for 
best results. 

Test No. Date of 
wet 

Window Aiming Carcass v-Y1 
Tested Point Velocity Temperature 

(mph) (degrees F.) 

3 7/14/56 No. 1 Horizontal 393 115 
co-pilot centsrline 

6 inches 
outlloard'of 
centerpost 

The actual strike position was 6 inches outboard of center-post 
and 1 inch below the horizontal centerline, lhere was no penetration of 
either the No. 1 Kindow or eupportlng structure. !lBe upper sill was bent 
inward slightly. !The clay dummy in the co-pilot's position was unmarked by 
flying glass. Small flake-like pertlcles which could be brushed off 
tipjnged upon the dummy's clothing. The glare shield again WBE forced 
downward by the heavy concentration of glass departing from the inside 
face of the window, Figs. 7, 8, and 9 ahow the results of this test. 
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Test No. Date of Window Ah- Carcass vm1 
Teat Tested Point Velocity Temperature 

(mph) (degrees F.) 

4 7/14/56 No. 1 Center of 416 115 
co-pilot whaow 

The carcass hit on the vertical centerline of the window approx- 
imately 1 l/2 inches below the horizontal centerline. There was no pen+ 
tration of the windshield. The upper windowsill was bent inward slightly. 
Small flake-like particles of glass impinged upon the face of the clay 
d=W. These could be brushed away. The left shoulder and m area of the 
dummy was penetrated by chunks of glass averaging about l/4 inch on edge. 
The glare shield agaIn was bent downwsrd by the force of the impact. 
Results of this teat are shown in Pigs. 10 and 11. 

Teat No. Date of bindow Aim-a Carcass Vinyl 
Test Tested point Velocity Temperature 

(mph 1 (degrees F.) 

5 7/l-5/56 No. 1 Center of @!2 115 
co-pilot window 

The carcass hit on the vertical centerline about11/2 inches 
below the horizontal centerline. There was no penetration of ths wind- 
shield. The upper sill agam was bent inward. Two chunks of glass, cubic 
In general shape and about l/4 inch along the edge, penetrated the face of 
the dvcmy, one below the left eyebrow and one at chin level on the left 
side. Al.1 other particles of glass whloh impinged upon the dummy's face 
end clothes could be removed by gentle brushing. The glare shield had been 
removed pr,nor to this test because It was demaged beyond repair in previous 
tests. Results of this test are shown in Figs. 12 and 13. 

Test No. Date of Window Aiming Carcass Vinyl 
Test ‘Peetea Point Velocity Temperature 

(mph) (degrees F.) 

6 7/16/56 No. 1 Center of 440 105 
co-pilot wmdow 

The carcass hit on the horizontal centerline slightly outboard of 
the vertical centerline. There was no penetration of the winashield. The 
top windowsill wae bent inward and had developed a crack. Action of the 
bird carcass as it traveled up the mndshield caused tearing of the fuselage 
skin above the top wlndowsill. The clay dm received a face full of glass 
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chunks, many of which were imbedded as much a8 l/4 inch in the clay. In 
addition, the left s&de of the clay &mmy from the neck to the valet area 
contained numerous chunka of glass which had torn throw the dvse 
clothing. Resulte of this test are shvin jn Fige. 14 and 15. 

Test No. Date of Window Aiming CtVWBS Vinyl 
Test Tested Point Velocity Tewrature 

(mph) (degreea F.) 

7 7/17/56 No. 1 Upper left 380 105 
pilot corner 

The carcass hit the vertical centerline of the pane 6 inches in- 
bo& of the cornerpost. There was no penetration of the window. Apperent 
damage to the BUppOrting structure of the window was superficial in nature 
in that the alum.i~wn skin covering the cornerpost peeled off. Hidden dam- 
age mCbded ShearIng of one of the cornerpost Kindow edge rectangular 
retainers. The fare and left side of the clay dummy received quite a few 
Chuaka of flying glass which penetrated the clothing and imbedded themselvee 
in the clay. Results of this teet are shown in Wge. 16 and 17. 

Teat No. Date of Window AilUlng Carcass Vinyl 
Test Tested Point Velocity !haperatie 

(m*) (degrees F.) 

8 7/18/56 No. 2 Center of 378 106 
pilot l?idOW 

l?ne center of impact wa8 on the horizontal centerline approx- 
imately 4 inches aft of the forward windowsill. There w&8 nc penetration 
of the window. 7&e upper aft window-frame ret&n* structure failed, 
&lo-g the Mow frame to rot&e inward end strike the clay dummy on 
c1e left side of the head. In edditxon, the left stie of the clay aurmny's 
bed and neck was penetrated by numerous particle8 of glass which were not 
deeply imbedded. Results of this test are Bhown in Figs. 18 and lg. 

Test No. Date of WIlLdOW Aiming Carcass Vinyl 
Test Tested Point Velocity Temperature 

(mph) (degrees F.) 

9 7/18/56 No. 1 Center of 400 105 
pilot wil-dow 

The center of Impact wa8 extremely close to the geometric center 
of the window. There was no penY,ratlsn of the windshield. A visor--cyp 
transparent acrylic shield mountefi adjacent to the widow shattered upon 
impact. The right fllde of tne dummy's face and neck was cut by Plying 
plaetic. Results of this teat are shown in Figs. 20 end 21. 
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Test No. Date of window Aiming Carcase VW1 
!kBt Tested Paint Velocity Temperature 

@Fh 1 (degrees F.) 

10 7/W% No. 1 Upper left 460 105 
pilot corner 

The center of impact wa8 on the horizontal centerline approximately 
8 inches inboard of the corner-post. There was no penetration of the window, 
although failure of the cornerpost retaining member and the upper sill bolts 
ellowed part of the bird carcass to enter the cockpit, The 0.125-inch 
Cell~ose aCek3te visor mounted ~3.8 BhOW'n In Fig. 22 apparently wa8 forced 
back acroae the face of the dwzuy upon impact. The clay duuzuy'e face waa 
covered with bird entraile and chunks of glass which penetrated into the 
clay. Results of thiB teet are Shown in Figs. 22 end 23. 

Test No. Date of wsndov 
Test Tested 

Aimhng 
Point 

Carcase 
Velocity 

(mph) 

Vinyl 
Temperature 
(degxeea F.) 

11 7/20/S No. 2 Center of 420 105 
pilot wlnaow 
Blid.Fng 
window 

The center of impact was on the horizontal centerline approxdmately 
one-third of the distance from the fore window's edge tc the aft edge. The 
upper forward corner of the window frame was pushed inward, but no failure 
of the frame reeulted. The carcam did not penetrate the window. The side- 
post sill W&B bent slightly end the sidepoet doubler plate strip wan peeled 
Off. The retiorced upper aftandlower aftwdndowframe retaining arrange- 
ment remained intact. The left side of the clay duzmy's head and neck area 
wm eroded quite severely by fly- glase, although the Navy-type plastic 
goggles which were employed protected the d-la eye area. The window 
prior to testing and results of this test are shown in Fig8. 24, 25, 26, 
and 27. 

Teat No. 

12 

Date of Window Aiming Carcass viny1 
Test 'PeBtd Point Velocity !l!em..ature 

(mph ) (degrees F.) 

7/a/56 No. 4 Center of 393 90 
pilot WIndow 

eyebrow 
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The center of impact was within l/4 inch of the gecnnetric center 
of the window. The upper sill and outboard side-sill retaFning bolts tore 
through the window edge, allowing part of the carcass to pass into the 
cockpit over the head of the clay dummy. The clay dummy received a severe 
blow on the forehead apparently from a concentration of glass particles 
which departed from the inner face of the window upon impact. The Naw- 
type gOggles with plastic lens protected the clay dunmy's eye area from 
mevere damage. Results of the test are shown in Figs. 28, 29, and 30. 

Teat No. Date of Window Aiming carcsas Vinyl 
Test Test& point Velocity Temperature 

(mph) (degrees F.) 

l-3 7/21/56 No. 1 Upper right 450 106 
co-pilot corner 

The actual strike area was approximately 8 inches inboard of the 
cornerpost and 6 mches below the top wind.owsill. The force of the impact 
reeulted in failure of two 3/16-inch-disneter top sill retaining bolts in 
tension directly above the point of impact. The six l/4-inch-diameter bolts 
outboard of the 3/16-inch-diameter bolts remained intact. A third 3/16-inch- 
diameter bolt did not fail, but the nut pulled through the backup EtripPlng. 
Failure of the windowsill attachment in this manner allowed the window edgs 
to be forced inward from its normal position, thereby tearing the vinyl fran 
the whdow edge downed into the center of impact area. Part of the bird 
carcass passed through thie opening, hitting the face of the cw duEmy. 
Numerous chunks of glass eroded and became lodged in the clay dummy's head 
from the chin level up to the forehead level. The Navy-type goggles which 
were employed deflected much of the glass and bird entrails at the dummy's 
eye level. Results of this test are shown in FigB. 31, 32, and 33. 

Test No. Date of window Aiming Carcase vinyl 
Test Tested point Velocity Temperature 

(mph) (degrees F.) 

14 7/22/s No. 4 Center of 405 95 
pilot Kindow 

eyebrox 

The center of impact was near the lower edge of the wIndow. There 
mr?B no penetration of the window. The upper sill failed, allowing part of 
the carcass to pass into the cockpit over the clay dummy's head. The force 
of a concentration of flying glass from the inside face of the windov shat- 
tered the celluloee acetate shield, a piece of which imbedded itself In the 
Clay dummy'e forehead. In addition, the forehead of the clay dummy V-38 

badly eroded by an apparently severe blow although the force Of this blow 
w&8 not as great a8 that of test No, 12, The window prior to testing and 
ECBdtB of this test are shown in Figs. 34, 35, 36, 37, and 38. 
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c0NCLU51oNs 

The following conclus~~~~~ are based on en enal-yBis Of test 
results. 

Pilot and Co-pilot No, 1 Windows. 

1. The windshields and their supporting structures as originally 
submitted for bird-impact +,WtE will withstand without penetration the 
impact of a 4-pound bird on the geome+xic center of the Klnaow at a 
velocity in excess of 440 mph. By incorporation of the structural mod- 
lfications shown in Pigs. 1 and 2, it is reasonable to assume that this 
velocity can be increased by approximately 5 per cent to 462 mph. 

2. The vlndshields and supporting structures as originally submitted 
for tests will wlthstsnd'with little or no penetration an impact near an 
upper outboard corner at a velocity of 420 mph. !l!his velocity 18 an aver- 
age of a nonpenetration velocity of 380 mph obtained in test NO. 7 and a 
velocity of 460 mph obtained in teet No. 10 which resulted in penetration 
due to failure of the supporting structure. Examination and ccmparison of 
the damage experienced by the two windshield specimens and supporting 
structures during these tests have substantiated, m this case, the vclidity 
of averaging the velocities of the two tests to obtain an estimate of 
actual penetration velocity. By incorporation of the modifications shown 
Fn Flga. 1 and 2, this velocity reasonably may be assumed to be increased 
by 5 per cent to 441 mph. 

3. Windshield strength near the center-post is considered equal t0 
or better then that of the upper outboard corner. See Item 2. 

4. For an impact at the geometric center of the windshield, flying 
glass will strike the face of the pilot crew member seated behind the 
target window at impact velocities approaching 440 mph. The resulting 
glass-impingement prttzrn for a center impact position will be essentially 
the Bame as shown on the clay dummies in Figs. 11, l3, and 15 for CaXCass 
velocities of 415, 422, and 440 mph respectively. In the event of an 
upper outboard corner impact the pilot crew member seated behind the tar- 
get window will be struck in the face by flying glass at velocities as low 
a8 380 mph. See Test Noa. 7, 10, snd 13. The glass-Fmpingement pattern 
for an upper outboard corner impact iB shown on the dummy of Fig. 17 for a 
cm-case velocity of 380 mph. 

5. The minimum window temperature required for the Boeing 707 wind- 
shield to develop the resistance to penetration as determined from these 
t&h it2 10s" F. No inform&loll ommaximum pcmissible temperature ?J'aa 



determined, although temperatures as high as 115" F. were maintained during 
some of the tests without detrimental effects on bird-penetration qualities. 

Pilot ana co-pilot No. 2 Sliding Windov3. 

1. The upper aft retaining arrangement for the sliding window failed 
at an impact velocity of 378 mph, d&wing the window frame to rotate 
inward about its two lower track-level retalniag points, str-lking the Clay 
dummy on the side of the head just above the ear. See test No. 8. In 
order that the slxX,ng vindow may successfuliy wi%hstand a 4-poud bx-cl 
impact, the upper and lower aft retaining arrsngements should be mcreased 
in strength to equal that of the lower forward retainmg arrangement. 

2. An analysis of the flying glass problem indicates that the pilot 
crew member seated adjacent to this window will be struck by glass psrti- 
cles at bird-mpact velocities as low as 378 mph. Both the smount and 
energy of glass emitte6. from sliding windows in the Zirectlon of the 
pilot's face are negligible at 378 mph. As impact velocities mncrease, 
however, the problem becomes more crltlcel as indicated by the condition of 
the clay dummy's face followmg an impact test at 420 mph. See test No. 11. 

Pilot and Co-pllot No. 4 Eyebrow Wandow. 

1. &e eyebrow -do-i will mthstand a 4-pound bird impact at a 
VdOc:ty of slightly more than 405 mph, provided the nlnnber of retaining 
bolts is doubled and IP they are increased. in size to l/4 inoh. This 1s 
shown In Figs. 34 ana 35. 

2. An analysis of the flying glass problem indicates that a 
particularly dangerous hazard to the pilot or co-pilot exists upon bird 
mpact OP an eyebrow w&low at velocities at or lower than 393 mph. See 
tests Nos. 12 and 14. 

Protective Measures Taken to Minimize the Flying Glass Hazard. 

!Che CI.125-inch-thi:k plastic visor-type transparent shields 
described in this report, which were utilized during tests NOS. 9, 10, and 
14 in an attempt to provide the cl- pllot with protection from flmg 
glass, proved to be inadequate. These shields shattered snd tore loose 

from their fixed retaining hinges upon Impact, thereby introduce another 
hazardous condition. Some success was realized, however, in the use of 
Navy-type, full-vision, plastic-lens goggles to protect the dmy pilot's 
eye area. It was evident from the type of failures which occurred when 
using tie visor-type shielfip ths+ thn ahlelds Trere mounted too close to the 
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inaide face of the target window. When evaluating the use of visor-type 
shxelds together with goggles, lt becomes apparent that, to be effective, 
a protective shield would have to be mounted a8 clooe to the pilot and 
co-pilot as feasible. 



TOP WINDOW SILL 
STRUCTURE 

MAT 2024-T4 

FELT BACKING 

STRIP BACKING 

PROPOSED 25 INCH DIAM 160,000 PSI 
HEAT TREATED NAS 517 C’SK HO BOLTS 
27 BOLTS AT I I5 INCH ON CENTERS 

TOP SILL WINDOW ATTACHMENT 
D-3 REF-BAC DWNG 5-71761 SHT. I-A 

FELT BACKING FELT BACKING 

/STRIP BACKING /STRIP BACKING 

,/-lB75 INCH DIPM 160,000 PSI ,/-lB75 INCH DIPM 160,000 PSI 
HEAT TREATED NAS 517 C’SK HD BOLTS HEAT TREATED NAS 517 C’SK 
15 BOLTS AT 2 3 INCH ON CENTERS I5 BOLTS AT 2 3 INCH ON CE 

BOTTOM WINDOW BOTTOM WINDOW SILL 
MAT 2024-T4 MAT 2024-T4 

HD BOLTS 
NTERS 

SILL 

BOTTOM SILL WINDOW ATTACHMENT 
B-3 REF BAG DWNG 5-71761 SHT I-A 

P 

FIG I UPPER AND LOWER SILL AND WINDOW 
ARRANGEMENT - NO I WINDOW 



PROPOSED 2 INCt 
EXTENSION OF 
RETAINING BAR 
5-71769-300s 
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CENTERPOST 
STRUCTURE 
MAT: 2024-T4 

I ’ &TRIP BACKING 

CENTERPOST WINDOW ATTACHMENT 
C-4 REF: SAC DWNG 5-71761 SHT I-A 

a 
CORNERPOST 

MAT: 2024-T4 

WlNDOW EDGE 
RETAINING BAR 
S-71769-3005 
MAT: 2024-T4 

SECTION A-A 

CENTERPOST WINDOW ATTACHMENT 
C-2 REF: EAC DWNG 5-71761 SHT I-A 

FIG. 2 SIDEPOST AND CORNERPOST SILL WINDOW 
MOUNTING ARRANGEMENT -NO. I WINDOW 
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1 3 - 7/14/ib - BIRD-CARCASS VELOCITY 593 inpix 

















EIG It - rEST NO 7 - 7/17/56 - BIRD-CARCASS VELOCITY 360 rr$ 



FIG 17 - TEST NO 7 - 7117156 - BIRD-CARCASS VELOCITY 380 mph -__ -_- -- “I.*Icw- 
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FIG 25 - TEST NO 11 - 7/20/56 - BIRD-CARCASS VELCCIrY 420 mph 



FIG LO - TEbT NO II - iJ~o/Sb A URD’CARCASS VELOCITY 420 mph 



FIG 27 - TEST NO 11 - I/LO/50 - B~RILC.AR~SS VEMXITY 420 mph 
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FIG 33 - TEST NO 13 - 7/21/5b - BIRD-CARCASS VELOCITY -jL ‘.,i, 
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FIG 35 - PitlOR rFSTN0 14-REVISEDEYEBROW-WINDOW ARRANGEMENi 
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