TECHNICAL DEVELOPMENT REPCRT NO. 3C1

RIRD~-IMPACT TESTS OF THE
BCEING MOIEL TO7 AIRFLANE WINDSHIELD

FOR LIMITSD DISTRIBUTION

by
John Sommers, Jr,

Aireraft Division

February 1957

CIVIL AERQNAUTICS ADMINTSTRATICN
TECHNICAL DEVELOPMENT CENTER
INDIANAPOLIS, INDIANA



BIRD-IMPACT TESTS OF THE
BOEING MODEL 707 AIRPLANE WIRDSHIELD

INTRODUCTION

Tests of the impact of birds on the windshield of the Boelng
Model 707 eirplane were conducted at the Technicel Development Center of
the Civil Aeronautics Adminmistralion, Indianapolis, Indiamna, from July 12
to July 22, 1956, The purpose of the tests was to determine the ability of
the windshield snd supporting structure in front of the pilot and co-pilot
of the airplane to resist penetration under the impact of a four~pound bird
carcass, The Boeing Airplane Company requested that the sliding and eye-
brow wandows be impact tested for informational purposes only. Tests also
were conducted to evaluazte the possible hazard to crew members resulting
from windshield fragnents of flying glass, A complete resume of tests is
Presented in Teble I.

No weasurements of the angular deviation of the line-of-sight of
the windshield panels were made because the panels submicted for tests were
not required to have a high degree of optical quality by the Boelng Airplane
Company.

The teats were conducted with the assistance of Messrs. Robert L.
Peterson end Benjemin Cosgrove of the Boesing Airplane Company.

Boeing's proposal for these tests 1e contained in Document
No, D-1845k, "Procedures for Windehield Bird-Resistant Tests Model 707,"
deted May 15, 1956 (revised Jume 26, 1956).

WINDSHIELD INSTALLATICGN

General.

The windshield-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. Hodge of that
company in his letter of August 23, 1956, file No., 6-4830-3-48 to
hr, B. L. Carter, Airworthiness Engineer, Boeing Alrplane Ccmpany.

The windows which Boeing agreed should be tested for compliance
with Fert 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 .
to as pilot No. 2 sliding window and pilot No, 4 eyebrow window alsc were
tegted., The pilot No, 1 end co-pilot No, 1 windowa are identacal In



No. 1 Window

TABLE I

POSITION OF IMPACT

No, 4 Window

No. 3 Window

Test Velocity
No. (mph)

355
380
393
h16
4o
L0
380
376
Loo
460
20
393
13 450
1} 4o5

Mo
MHEFOWXIoW FWwN KR

Regults

Penetration¥*
Slight penetration*

No
No
No
o
No
No
No
No
No

penetration
penetration
penetration
penetration
penetration
penetration**
penetration
penetratlon**
penetration

Penetration
Penetration

No

penetration#*

*Vinyl temperature below optimum
for maximum strength.

**3upporting structure failure allowiﬂg
part of carcess to enter cockpit.
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TARLE II

MQDEL 707 CANOPY DRAWINGS

Title

Inlercostal Installation
Seal Imstallaiion
Seal Installation
Frame Installation
Frame Imstallation

5111 Installation and Closure Panel
8111 Imstallation
Sill Installation
Skan Tnstallation
5111 Imstallation

8111 Installetion
Sill Imstellation
S5ill Tunstallation
Angle Tnstallation
5111 Installation

Seal Irmstallation
Doubler Instellation
Intercostal Imstallation
Splice Plate Installation
5111 Instaellation

Doubler Installation

Frame Installation

Frame Inaisallaticon

Window and Feying Seal Installetion

Handhold Installation
Intercostal Installation
Intercostal Imstallation
Clip Imstallation

Freme Inatellation

*Advance Drawing Change Notice
*¥Drawing Change Notilce

Sheet ADCN# DCN*#
2 3 -
2 13 -
2 -

2 13 -
2 - A
2 10 -
2 13 -
1 9 -
2 6 -
2 5 -
2 1 -
2 20 -
2 3 -
1 . A
1 9 -
2 L -
1 5 -
2 1 -
1 1 B
2 - A
2 2 -
2 11 -
2 é -
1 2 -
2 3 -
- 1 -
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congtruction and size, This is true also of the pilot No., 2 end co-pilot
No. 2 sliding windows end of the pilot No. 4 and co~pilot No. 4 eyebrow
windows,

All of the windehield panels tested incorporated the electrically
operated ard controlled NESA heating unit developed by the Pittsburgh Plate
Glesa Company,

The pilot No, 1 and co-pillot No. 1 windows are mounted by bolting
the semirigid, extended vinyl, metal insert and leminated phenolic combina-
tion edge directly to the top and lower windowsills and the centerpost.

The bolting arrangement consisted originally of a row of 0,1875-inch-
diameter, 160,000 psi, heat-treated, NAS-5L7 countersunk head bolts spaced
at 1,15 Inches on centers along the top sill, and a row of Q.1875-inch-
drameter, 160,000 psi, heat-treated, NAS-517 countersunk head bolts spaced
at 2,30 2nches on cenlers along the centerpost and lower windowsills, This
mounting arrangement is shown in Figs, 1 end 2, The cormerpost window edge
is reteined by a series of equally spaced rectangular retainers protruding
from the inside of the cormerpost sill. Upon fitting the cornerpost window
edge over the rectanguler retainers, the edge is held in place by an
L-sheped backup bar which fits snugly ageinst the innermost surface of each
retainer and is bolted in plece. This arrangement for retaining the corner-~
post window edge i3 shown with a proposed revision in Fig. 2.

Changes Maede During Tests,.

During tests Nos, 2 and 6, the upper sills of the pilot No, 1 and
co-pilot No, 1 windows cracked, and an 0.125-inch-thick T5-ST Alclad
doubler plate was incorporated as shown in Figs. 16 and 31 to stiffen the
weekened 8ills, The cracks which developed in both of these upper window-
s1lls are not considered to be due to weakness on their part, but were
due to continuous cold working of the s8ill material as it was deformed and
straightened during successive impact tests,

Because of failure of the upper sill bolts during test No, 10,
vwhich was an upper aft corner strike at 460 mph, the first seven upper sill
bolts counting inmbeard from the cornerpost were increased to 0.25-inch-
dlameter prior to test No., 13 as shown in Fig. 31, In addition, to provide
for more positive retaining of the upper cormerpost window edge during test
No, 13, the L-shaped backup bar (Part No. 5-71769-3005) was increased in
length as showm in Fig, 2.

The pilot No, 2 sliding window wes revised as shown in Fig, 24
prior to test No., 11 as a result of failure of the upper eft reteining
point during test No, 8,
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The pilot No. 4 eyebrow window retaining arrangement wes revised
by doubling the number of bolts and increasing their size to 0.25-inch
diameter prior to test No., 14, This revision, shown in Figs. 3% and 35,
was prompted by the fallure of this window during test No. 12.

To protect the pilot against flying glass, a protective trens-
parent visor-type shield was employed during tests Noa, 9, 10, and 1h as
shown in Figs. 21, 22, and 35, For test No., 9, en 0,125-inch-thick sheet
of stretched plex-55 acrylic was used; for tests Nos, 10 and 14, an 0.125-
inch-thick sheet of cellulose acetate was used, These shields were retained
at one edge only, and they were mounted edjacert to the inside face of the
window as shown in the sppropriate figures.

DESCRIPTION OF WIWDSHIELD AND WINDCOWS

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

Height: 16 1/2 inches
Width:
Top 30 1/2 inches
Bottom 33 1/2 inches
Thickness:
Front Face 1/4~inch full tempered glass
Interlayer 3/8-inch vinyl (20 per cent
plasticizer)
Rear Face 1/2-1nch full tempered glass
Meztal Insert 0.103 nomnaegnetic steel
Extended Edge 1 inch outslde face
5/8 inch inside face
Slope:
Vertical Axis 45°
Horizontal Axis 30°
Total Angle

(meagured from a

line perallel to

the line of

flight) 49° approximately

£1liding Windows, Pilot No, 1 and Co-Pilot No, 2,
Height-

Front Edge 18 1/% inches
Aft Edge 22 1/2 inches



Width:

Top
Bottom

Thickness:

Slope:;

Front Face
Interlayer

Rear Face
Metal Insert
Extended Edge

Total Angle
(reasured from a
line parallel to
the line of
f1ight)

16 1/2 inches
22 inches

3/16-inch full tempered glass
7/16-anch vinyl (20 per cent
plasticizer)

3/8-inch full tempered glass
0.079 2L-ST aluminum

1/8 inch inside edge

11/16 inch outside edge

70° approximetely

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

Height:
W .ath:
Top
Bottom
Thickmess:
T'ront Face
Interlayer
Bear Fage
Metel Tnsert
Exztended Edge
Slope:

Total Angle
(measurzd from a
line parallel to
the line of
flight)

9 1/2 inches

9@ Inches
11 7/8 inches

1/8-1nch full tempered glass
5/16-inch vinyl (20 per cent
plasticizer)

1/4-inch full tempered glass
0.025 24-ST aluminum

5/8 inch inside face

1 1/8 inch outside face

50° epproximately
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TEST PROCEDURE

Freshly killed chicken carcasses were propelled at the test
gtructure bty means of & compressed-zir gun, To increase the efficlency
and accuracy of performance of the compressed-alr gun, the chicken car-
casses, backed by a U-inch-thick Styrafoem plug 6 inches in diameter,
were placed in 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, Styrafcam plug, and cloth
sack was 4 pounda, plus or minus 2 ounces. The weight of the plug and sack
was approximately 3 ounces., Poinis of impact were determined by an accurate
eystem of sightirg the compressed-air gun at the target.

The cockpit structure used in these tests was fastened securely to
a temporary wood structure which hed been built up from and was securely
fastened to the test-cell bed, The back of the cockplt was supported by
positioning 2- by 6-inch wood members behind the principel longitudinal
structural members of the cockpit. Thie mounting errangement is shown in
A of Fig, 3.

Two life~sized clay torsos representing the pilot and co-pilot
were positioned in the test cockpit to duplicate as nearly as possible the
actual location of eye positions in the Model 707 airplene. The positioning
16 shown in A end B of Flg. 3. Damage to these clay torsos was repalred as
required after each test by cleaning them as much as possible, after which
a nevw layer of clay was applied.

An aluminum glare shield was clamped into the position normelly
occupied by the top of the instrument penel in the operational aircraft.
The positioning of this shield is shown in B of Fig. 3.

Impact tests on the No. 1 windows were made at the gecmetric
center, st & point on the horizontal centerline six inches inboard of the
centerpost and et the upper aft cormer of the window,

Velocity measurements were determined by the bird carcess break-
g three paira of fine steel wires positioned between the gun muzzle and
“he windehield cenopy, Two palrs of these wires were ccnnected to a record-
ing osclllograph; the third palr of wires was connected to an electronic
chronograph, A fourth method for determining the velocity of the bird car-
casd, using a high-speed camera, was employed primerily as & check on the
oscillograph and chranograph. Bird-carcase velocities accepted ms correct
for tests Nos. 7 and 1l were those taken from the velocity versus pressure
calibration chart of the gun, Bird-carcass velocitles for tests Nos. 9 and
1Lk ultimately were obtained through the use of the high-speed camera
because apparently Taulty velocity indications were obtained from the
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oscillograph and chronograph, In test No, 9 at T5 pounds per square inch
gage pressure (psig) the bird-carcess veloclty was expected to be near 475
mrh., The velocities which were determined from the timing deviees were 555,
570, and 650 mph., High-apeed plctures of this test showed that the Styra-
foam plug preceded the bird carcagss out cof the gun muzzle, The veloclty of
the plug as determined by the high-speed film was 630 mph, This estimate is
based upon the plug traveling e distance of 9.59 feet in 15 frames of film
at a camera speed of 1440 fremes per second, The bird carcass traveled
this sare distance in 2% frames at the same camera speed, indicating that it
vas traveling at slightly less then twn-thirds, or 0,625 times the speed of
the plug. In computing the finelized velocity for test No, 9, the value of
640 mph, which is the average of the highest recorded velocity of 650 mph
end the hlgh-speed film velocity of 630 mrh, was used, The resulting speed
of the blrd carcass then was determined to be 0,625 x 640 = 400 mph.

Heating of the teost windows was accomplished by applying the
required voltage vo the NESA heating units on each window. Temperature
readings were obteined from the window-sensing unit, After tests Nos, 1
and. 2, vindow temperatures were maintained between 105° and 115° F, Just
prior to firing.

TEST RESULTS

The conditions and results of the individual impact tests ere
e3 follows:

Test No, Date of Window Alming Carcess Vinyl
Teat Tested Point Velooity Tempereture
(mph) (degrees F,)
1 7/12/56 No. 1 Center of 355 €9
rilot window

The carcass hit approximately 3 inches below the aiming point.
Part of the carcess passed through the window and part was deflected over
the top of the cenopy. Three-fourths of the window was completely de-
stroyed, and the center section of the upper eill was bent inward by the
lmpaet, The glare shield originelly positioned as shown in B of Fig. 3 wes
bent dovmwerd. The cley dummy in the pilot's position received a concen-
tration of flying glass in the lower right chest aree in addition to a
fow particles of glass mixed with bird entrails full in the face. This
was not considered to be & valid test of maximum impmet-sbsorbing qualities
of the window and supporting structure because the vinyl wes maintained
at g Eemperature of only 69° F. Results of this test are shown in
Fig. 4.



9

Test No, Date of Window Aiming ; Carcasa Vinyl
Test Tested Point Velocity Temperature
{mph) (degrees F.)
2 7/13/56 No. 1 Center of 380 90
pilot window

The carcass hit epproximately 2 inches above the terget point.
The upper sill cracked open horizontally, allowing penetration of an un-
determined emount of the carcasa, and the fuselege skin was peeled back
directly above the cracked section of the sill as shown in Fig, 5., There
was 8light penetration of the vinyl through e smell tear pcar the upper
gill as shown in Fig., 6, The clay durmy received & heavy concentration of
glass particles in the upper chest and right ayrm area. Much of this glase
merely impinged upon the clay, and 1t is doubtful that the apparently heavy
damage shown in Fig, 5.would have occurred if the dummy hed been clothed,
A few particles of glass and a small amount of bird entrails hit the clay
durmy's face, The glare shield ageln was buckled downward as in the pre-
vious test. Vinyl temperature for this tesat was considered too low for
best results,

Test No. Date of Window Adming Carcass Vinyl
Test Teated Point Velocity Tempereture
(mph) (degrees F.)
3 7/14/56 No. 1 Horizontal 393 115
co=-pilot centerline
6 inches
outhoard ‘of
centerpost

The acturl strike position was 6 inches cutboard of centerpost
end 1 inch below the horizontal centerline, There was no penetration of
either the No. 1 window or supporting structure. The upper sill was hent
inwerd slightly. The clay dummy in the co-pilot's position was unmarked by
flying glass. Small fleke-like particles which could be brushed off
impinged upon the dummy's clothing. The glare shield again was forced
downward by the heavy concentration of glass departing from the inside
face of the window, Figs. 7, 8, and 9 show the results of thie test.
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Test No, Date of Window Alming Carcass Vinyl
Test Tested Peoint Veloclty Temperature
(mph} {dearees F.)

L 7/14/56 No, 1 Center of b6 115

co-pilot window

The earcess hit on the vertical centerline of the window approx-
imately 1 1/2 Inches below the horizontal centerline, There was no pene-
tration of the windshield. The upper windowsill was bent inward slightly,
Small flake-like particles of glass impinged upon the face of the clay
dummy, These could be brushed away., The left shoulder and arm area of the
durmy was penetrated by chunka of glass averaging about l/ll- inch on edge.
The glare shield aga:n was bent downward by the force of the impact,
Results of thie test are shown in Figs, 10 end 11,

Test No, Date of Window Aiming Carcass Vioyl
Teat Tested Point Veloclty Temperature
(mph) (degrees T.)

5 7/15/56 Wo. 1 Center of 4o 115

co-pilot window

The carcess hit on the vertical centerlime about 1 1/2 inches
below the horizontel centerline, There was no penetration of the wind-
shield, The upper sill again wae bent inward, Two chunks of glass, cubic
1n general shape and about 1/4 inch elong the edge, penetrated the face of
the dummy, one below the left eyebrow and one at chin level on the left
side. All other particles of glass which impinged upon the dummy's face
and clothes could be removed by gentle brushing, The glare shield had been
removed prior to thim teat because 1t was damaged beyond repair in previous
tests. Results of this test are shown in Fige. 12 and 13.

Test No. Date of Window Aiming Carcass Vinyl
Test Tested Point Velcelity Temperature
{(mph) (degrees F.)
6 7/16/56 No, 1 Center of Lho 105

co-pllot window

The carcess hit on the horizontal centerline slightly outboard of
the vertical centerline, There was no penetration of the windshield, The
top windowsill was bent inward and had developed a c¢rack, Action of the
bird carcass as it traveled up the waindshield caused tearing of the fuselage
gkin ahove the top windowsill. The clay dummy received a face full of glass
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chunks, meny of which were imbedded as much as 1/h inch in the clay., In
addition, the left side of the cley Aummy from the neck to the waist area
cantained numerous chunks of glass vwhich had tormn through the dummy's
clothing. BResults of this test are shcv in Figs. 1k and 15.

Test No. Date of Window Aiming Carcass Vinyl
Tess Teated Point Veloeity Temperature
(mph ) (degrees F.)
7 7/17/56 No. 1 Upper left 380 105
pilot corner

The carcass hit the verticel centerline of the peme 6 inches in-
board of the corperpost, There was no penetration of the window., Apparent
damage to the supporting structure of the window was superficial in nature
in thet the alumirum skin covering the cormerpost peeled off. Hidden dam-
ege included shearing of ane of the cormerpost window edge rectangular
retainers, The face end left side of the clay dummy received quite a few
chunks of flying glass which penetrated the clothing and imbedded themselves
in the ¢ley, Results of this test are shown in Figs., 16 and 17.

Test No, Date of Window Alming Cercass Vinyl
Peat Tested Point Velocity Temperature
(mph ) (degrees F.)
8 7/18/56 No. 2 Center of 378 106
pilot window

The center of impact was on the horizontel centerline approxz-
imately 4 inches aft of the forward windowsill, There was no penetration
of the window. The upper aft window~-frame reteining structure failed,
allowing the window frame to rotate inward and strike the clay dummy omn
the left side of the head, In eddition, the left side of the cley dummy's
head and neck wes penetrated by numerous particles of glass which were not
deeply imbedded. Results of this test are shown in Figs. 18 and 19.

Tost No. Date of Window Alming Carcass Vinyl
Teat Tegted Point Veloccity Temperature
(mph) (degrees F.)
9 7/18/56 No. 1 Center of 400 105
pilot window

The center of impact was extremely close to the geometric center
of the window. There was no pene’rat:on of the windshield, A visor-type
trapsparent acrylic shleld mounted mdjacent to the window shattered upon
impact, The right side of lae dummy's Face and neck was cut by flying
plastic, Resulte of this test are shown in Figs. 20 and 21,
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Test HNo. Date of Window Adming Carcass Vinyl
Test Tested Point Velocity Temperature
(meh) (degrees F.)
10 7/19/56 No. 1 Upper left 460 105
pillot corner

The center of lmpact was on the horizontal centerline approximately
8 inches inboerd of the cornerpost. There was no penetration of the window,
although failure of the cornerpost reteining member and the upper sill bolts
ellowed part of the bird carcess to enter the cockpit, The 0,125-inch
cellulose acetate visor mounted s shown in Fig., 22 apparently was forced
back across the face of lhe dummy upon impact. The cley dummy's face was
covered with bird entraila and chunks of gless which penetrated into the
¢lay, HResults of this test are shown in Figs. 22 and 23.

Test No. Date of Window Alming Carcass Vinyl
Test Tested Point Velocity Temperature
(mph) (degrees F.)
11 7/20/56 No, 2 Center of 420 105
pilot window
sliding
Wwindow

The center of lmpact was on the horizontel centerline approximately
one-third of the distance from the fore window's edge to the aft edge. The
upper forward corner of the window frame weaa pushed Inward, but no failure
of the freme resulted. The carcess 4id not penctrate the winiow. The gide-
post 8ill was bent slightly end the sidepost doubler plate strlp was peeled
off, The reinforced upper aft and lower aft window freme retaining arrange-
ment remajned intact, The left side of the clay dummy's head end neck aree
was eroded quite severely by flying glass, slthough the Navy-type plastic
gogglea which were employed protected the dummy's eye area, The window
prior to testing and results of this test are shown in Figs, 24, 25, 26,
and 27,

Teat No, Date of Window Alming Carcass Vinyl
Teat Tested Point Velocity Temperature
(mph) (degrees F.)
12 7/21/56 No. &4 Center of 393 90
pilot window

eyebrow
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The center of impact was within 1/4 imch of the geometric center
of the window, The upper sill and ouiboard side-sill retaining bolts tore
through the window edge, allowing paert of the carcass to pass into the
cockpit over lhe head of the clay dummy, The clay durmy recelved a severe
blow on the forehead apparently from a concentration of glass particles
vhich departed from the inner face of the window upon Impact, The Navy-
type goggles with plestic lens protected the clay dummy's eye area fram
severe damaze, Results of the test are shown in Figs. 28, 29, and 30.

Test No. Date of Window Aiming Carcass Vinyl
Test Tested Point Velocity Temperature
(mph ) (degrees F.)
13 7/21/56 No. 1 Upper right 450 106
co-pilot corner

The actuel strike erea was epproximately 8 inches inboard of the
cornerpost and 5 inches below the top windowsill, The force of the Iimpact
resulted in failure of two 3/16-inch-diameter top sill retaining bolts in
tension directly ebove the point of impact, The six 1/4-inch-diameter bolts
outboard of the 3/l6-inch-diameter bolts remeined intact, A third 3/16-inch-
diemeter bolt did not fail, but the nut pulled through the beckup stripping.
Failure of the windowsill ettachment in this manner allowed the window edge
to be forced inward from its normal position, thereby tearing the vinyl fram
the window edge downward inio the center of impect area, Part of the bird
carcasa passed through this opening, hitting the face of the clay dummy.
Numerous chunks of gless eroded and became lodged in the clay dummy's heed
from the chin level up to the forehead level., The Navy-type goggles Wwhich
were employed deflected much of the glass end bird entrails at the dummy's
eye level, Results of this test are shown in Figs, 31, 32, and 33.

Teat No. Date of Window Aiming Carcass Vinyl
Test Tested Point Veloclity Temperature
(mph) (degrees F.)
14 7/22/56 No. 4 Center of 405 95
pilot window
eyebrow

The center of impact was near the lower edge of the window, There
vas no penetration of the window. The upper 8ill failed, allowing part of
the carcess to pasa Into the cockpit over the clay dummy's head. The force
of a concentration of flying glass from the inside face of the window shat-
tered the cellulose acetate shield, a piece of which imbedded itself in the
clay dummy's forehead, In addition, the forehead of the clay dummy was
badly ercded by an epparently severe blow although the force of this blow
was not a8 great as that of teat No, 12, The window prior to testing and

results of this test ere shown in Figs. 3L, 35, 36, 37, end 38.
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CONCLUS IQNS

The following conclusions are based on an analysis of test
resulis,

Pilot and Co-pilot No. 1 Windows,

1. The windshields and their supporting structures as originally
submilted for bird-impact tests will withstand without penetration the
impact of a 4-pound bird on the geometriec center of the window at a
velocity In excess of 440 mph. By incorporation of the structural mod-
1fications shown in Figs. 1 and 2, it 18 reasonable to assume that this
velocity can be increased by approximately 5 per cent to 462 mph,

2. The windshlelds and supporting siructures es originally submitted
for tests will withstand'with little or no penetration an impact near an
upper cutboard corner at & velocity of 420 mph. This velocity 18 an aver-
age of a nonpenetration velocity of 380 mph obtained in test No. 7 and e
velocity of 460 mph obtained in test No. 10 which resulted in penetration
due to failure of the supporting structure. Examination and comparison of
the damage experienced by the two windshield specimens and supporting
structures during these tests have substantiated, in this cese, the validaty
of averaging the veloclties of the two tests to obtain an estimate of
actual penetration velocity, By incorporation of the modifications shown
in Figs. 1 and 2, this velocity reasonably may be assumed to be increased
by 5 per cent to 441 mph,

3. Windshield strength near the centerpost is considered equel to
or better than thet of the upper outboard corner. See Item 2.

L, For an impact at the gecmetric center of the windehield, flying
glass will strike the face of the pllot crew member seated behind the
target window at impact velocities approaching 440 mph, The resulting
glass-impingement pattern for e center Impact position will be egsentially
the same as shown on the c¢lay dummies in Figs, 11, 13, and 15 for carcass
velocities of 415, 422, and 440 mph respectively., In the event of en
upper outboard cormer impact the pilot crew member seated behind the tar-
get window will be struck in the fece by flying glass at veloclitles as low
ags 380 mph, See Test Nos. 7, 10, and 13. The glass-impingement pattern
for an upper outboard corner impact is shown on the dummy of Fig. 17 for a
carcaess velocity of 380 mph.

5. The minimum window temperature required for the Boeing TO7 wind-
shield to develop the resistance to penetration as determined from these
teats is 105° F. No information on maximum permissible temperature was
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determined, although temperatures as high as 115° F. were meintained during
some ol the lests without detrimental effects on bird-penetration qualities.

Pilot and Co-prlot No. 2 Sliding Windowa.

l. The upper aft retaining arrangement for the sliding window failed
et an impact velocity of 378 mph, ellowing the window frame to rotate
inward about its *two lower track-level retaining points, striking the clay
dummy on the side of the head just above the ear, See test No. 8. In
order that the sliding window may successfully withstand a L-pouad bird
impaet, the upper and lower aft retaining arrangements should be increased
in strength to equal that of the lower forward retaining arrangement.

2. An enalysis of the flylng glass problem indicates that the pilot
crev member seated adjacent to this window will be struck by glass parti-
cles at baird-impact velocities as low as 375 mph. Both the amount and
energy of glass emitted freom sliding windows in the direction of the
Pilot's face are negligible at 378 mph, As impact velogities increase,
however, the problem becomes more critical as Indicated by the condition of
the clay dumy's face following an impact test at 420 mph, See test Nos 1l.

Pilot and Co-palot No. 4 Eyebrow Wandow.

1, The eyebrow window will withstand & k-pound bird impact at a
velocity of slightly more than LO5 mph, provided the number of retaining
bolts is doubled and 1f they are increased in size to 1/4 inch, This 1s
shown in Figs. 34 and 35.

2. An enalysis of the flying glass problem indicates that a
particularly dangerous hazard to the pilot or co-pilot exiasts upon bird
impact of an eyebrow windeow at velocities at or lower than 393 mph, See
tests Nos, 12 and 1k,

Protectlve Measures Teken to Minimize {the Flying Glass Hazeard.

The Q.125-inch-thizk 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 dummy pilot with protection from flying
glass, proved to be inadequate, These shields shattered and tore loose
from their fixed reteining hinges upon impact, thereby introducing another
heazardous condation., Some success was realized, however, in the use of
Navy-type, full-vision, plastic-lens goggles to protect the dummy pilot's
eye area, It was evident from the type of failures which oecurred when
using the visor-type shields that +hr apields vere mounted too claose %o the
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inside face of the target window, When evaluating the use of visor-type
shields together with goggles, 1t beccmes appavent thet, to be effective,
a protective shield would have to be mounted a5 close 1o the pilot amd

co-p1lot as feasible,
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