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.”PkEFACE 
‘,7 Thls report presents the data and results of a balllstlc‘

i test program to’ determlne the susceptablllty “to spall of two i

ldlfferent type. of bullet resistant glass ‘front w1ndsh1elds, and
('}two dlfferent types of lamlnated plastic 51de w1ndshve1ds. fThe
ps:tests were conducted at the AF Fllght Dynamlcs Laboratory,‘= R
ffferght-Patterson Air Force Base, Ohio in 1ate 1973 (and contlnued
“‘agaln 1n late 1974) to détermine the type W1ndsh1eld to use for

u,the A-10 alrcraft The test program was deflned by’ the A—lOA ,*"

. Contractor as’ the means of verlfylng the w1ndsh1eld de51gn
requlrements and was carrled out under the dl*ectlon of the

e:tsurv1vab111ty englneer from the A‘lO proqram off:ce, Capt. J S._~‘“

i

'pPharmer.J'x

The authors wlsh to thank the ralrchlld Republlc Company,‘iY

J(Ref 5, 6) Farmlngdale, L.I., New York 11735, “and the A=-10

>7System Progran Offlce for the aocunentatlon and rest data'ff‘”'”'*

”{supplled so that thlS report sould be urltten., mhe effort was

 ?performed as part of the approveo procram of the Joint Technlcal <,g,f""

_thoordlnatlnq Group for AlrcraFt Surv1vab111ty (JTCG/AS). . It
;ltwas managed for the JTCG/AS Vulnerablllty Assessment Subcroup
'fliby the Deputy for Development Plannln ’ Aeronautlcal Systems"

1'1D1V1510n, WPAFB, Ohio .under Contract No. F33615 17- C~0110 :
i;*prOJect 9363244F JTCG Task. VA»G-OZF, "Component Vulnerablllty
T‘Assessment. . The Alr Force Pro;ect Eng~neer was Mr.-Gerald '

’f'Bennett, ASD/XROT
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'SECTION 1

INTRODUCTION

One of the steps in a vulnerability assessment of an
aircraft to nonnuclear weapons involves calculatlng the ballistic
penetration of projectiles or fragments as they pass through
the aircraftt For each material intersected, the resicual mass
and velocity is calculated in order to determine the oenetrator
conditions when it arrlves at a vulnerable component in the air-
craft. Associated w1th this is an evaluatlon of secondary :
vulnerablllty-related effects caused by the pro;ectlle durlng
penetratlon, such as fuel 1eakage or rupture of high: temperature
bleed air lines. One unlque crew station. area evaluatlon 1nvolveﬂ
ballistic penetratlon through the transparency areas cons;stlng
of the front windshield, side windshield, and canopy. From
a vulnerability v1ewp01nt, these transparent areas usually offer
only limited ballistic resistance. Moreover, these areas can
provide additional vulnerablllty from penetratlng proyectlles
due to the possible formation of secondary spall which could
'pose a lethal hazard to the pilot. Reduction in usable v1ew1ng
area’ is also another con51deratlon for an 1mpacted transparency.
Spalllng ‘essentially consists of the detachment of materlal

from, or delamlnatlon of, a- layer of materlal in the area surroundlng

the. locatlon of the 1mpact on the transoarency Spalllng can
occur on both the front and rear surfaces but the back surface
spall is of greater interest here due to its potentlally lethal -
effect on the pilet or other, crew station components (Ref l)
Evaluation of these effects is 1mportant both for the accuracy
‘of the vulnerablllty assessment and for the evaluation of crew
station de51gn and hardenlng requlrements. ‘ S
As part of the development of the A-10 aircraft;-a
‘large amount of unique ballistic test data were generated},both
on sub-system components and armor response. Analysis and"'
reduction of these data were performed by the A-10 SPOlandbthe

e e P s Tou
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m“}contractor, as needed “to support the alrcraft de51gn and hard—’
"f'ness conflrmatlon programs.' After’ completlon of the development'
vnftest programs, the A-10- test ‘data were reviewed for p0551ble
lgeneral appllcablllty to Trl Serv1ce ‘needs by members of the
. “Joint Technlcal Coordlnatlng ‘Group for Alrcraft Surv1vab111ty
hfef(JTCG/AS) Vulnerablllty Assessment Subcrnup Some component ‘
'p*vulnerablllty and other data were determined to be unique and
f{ipotentlally useful 1n all future mllltary alrcrai- de51gns and
‘lpvulnerablllty assessments. In order to allow qenerallzed future '
‘Trl Serv1ce usage ana to av01d p0551ble dupllcatlons of effort
_p‘ln other Serv1ce programs, the addltlonal data redtctlon,
"T'pana1y51s,iand documentatlon was undertaken as part of the JTCG/AS
2 Vulnerablllty Assessment Subgroup ef ort. Otber reports have
_.descrlbed the fuel sys tem and crew statlon armor test data.~5
‘pnghls report wlll descrlbe and present the data resultlnq from
;7Q1balllst1c tests of some crew statlon transparency dGSIQHo. '

EE O SR GENERAL

S l,; A total oF 24 balllstlc tests (shots) was made on two
“Pjitypes of materlals for’ the front wlndshleld panels and two types
2 ~pof materlals for the 51de panels " The tests were performed :

g under the requlrements of a1r vehlcle specxflcatron 1605310001A
”ff,(Ref 2) in the functlonal test’ category . Theése windshield.
hf';tests were part of the erg:neerlng grOund tests made on'l

' rlthe A lO alrplane durlnq the full—scale development phase of R

“y'alrcraft acqulsltlon.‘

’ The 1n1t1al test. program was conducted from the perlod
S of 25 September 1973 to 24 October 1973. At that tlme only one
:atfof the two front wrndshlelds (the three~glass panel desxgn) was
.\tested The rede51gned front W1ndsh1elds (consisting of four,
i;:‘glass panels) were avallable approxlmately a year later and were‘
;5'tested from 09 December 1974 to 11 December 1974 “All tests ‘

- were performed at the AF. Fllght Dynamics Ballistics Test
v,:f'Fac111ty, erght—Patterson Air Force Base, Dayton, Oth. Captaln;“
RN S Pharmer of the A-lO SPO serveu as the test englneer/dlrector.'
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1.2 . OBJECTIVE .

The flat front windshield of the A-10 had a dual
requlrement levied on it from a survivability standp01nt.__The
first requlreo the windshield to be balllstlcally re51stant to
a Soviet 7.62mm API pro;ectlle striking the 52°,1nc11ned w1nd—
shield in a direction parallel to the longitudinal ‘axis of the
aircraft with the aircraft flying at 500 ft/sec. The pro;ectlle
velocity was specified for a specific slant range distarce from
the aircraft. The second»reqnifement dictated that the front
‘windshield materials and their constfuctlon be such as to pre-

bullet-resistant conditions stated above. The objectlve of the "
tests on the front windshield material was to determlne 1ts
ablllty to satisfy the spall re51stance requlrements., To
generate spall, projectile impacts at and sllghtly beyond the

ballistic V50 of the windshield were conducted

“The 1n1t1al series of tests on the three-g;ass panel
.specimens were hlghly successful in confirming the bullet
" resistance of the flat front windshields. However, subsequent
failure of this configuration to successfully pass the b1rd-proof
impact tests (4~-1b bird at 300 knots) required a redesxgn of
the front w1ndsh1eld resulting in a four—glass panel confxguratxon.
This ne-2ssitated a repeat of the spall resistance tests to
verify that the new conflguratlon (now blrd-proof) would also
satisfy the spall requlrements.l

No bullet re51stance requlrements were 1ev1ed on the
side windshields due to their limited surface area, the technlcal
complexity/limitations posed in creating a bullet- resxstant
compound-curvature transparency, and the visual dlstortlons/
disorientations created by such a thick bullet-resistant sxde
windshield. The spall resistance requlrements of the front
w1ndsh1eld were lev1ed however, on the side w1ndsh1e1ds.

The objective of the 51de panel tests was to determlne
and compare tlhie response of two different materials with respect




‘ ?mto'dangerous spall/breakﬁp partiCIes and toﬂorovideisufficient'
~data so that one of the two glazmng arrangements could be ultl-
~mate1y selected for use on the A-lo alrcraft. ‘

" ' The concluszons drawn from the smde w1ndsh1eld tests‘

_were ba51cally qualltatlve and Judgmental and remalned an open
"~ issue between the A-lO Program Offlce -and the ‘contractor for
'almost a year." At the end of that perlod, a just-released
.}Army report (Ref 7) prov1ded the much*needed crlterla to’ make o
"quuantltatlve Judgments regardlng ‘the lethalxty of the spall
partlcles generated by the 51de w1ndsh1eld ‘tests. ' This crlterla“‘hfff‘ZVQ*
revealed a significant dlfference in lethallty between the - S
‘:competlng plastlc w1ndsh1eld de81gns and subsequently conflrmed
Vthe orlglnal qualltatlve assessments made both by ‘the A-lo SPO h__*f‘
, system safety and surv1vab111ty engineers. The cholce of side
x‘w1ndsh1eld materlals was ultlmately dec1ded by the reactions
‘7of both candldates when subjected to blrd—proof 1mpact tests._’;yh“
;tThls 1ncluded 51de panel reactlons when birds impacted dlrectly . 3'd1
dfon the front w1ndsh1e1d dlrectly on the- 51de w1ndsh1e1d, and S
”judlrectly on the structural frame separating’ front and 31de w1nd— R
" shields. The lethallty posed by the blrd-lmpacted stretched S
'j‘;acrylic wlnoshleld pleces eclipsed those’ uncovered in the snall .
‘”reSLStance tests The side windshlelds ultlmately selected for f; S
‘vthe A—lO were able to satlsfy both the blrd proof and spall T
'1re51stance requlrements lev1ed on them.-" ‘ :

:Note' SO is def;ned as‘"the crit1ca1 veloc1ty at whlch 50%
complete penetratlons and 50% partlal penetratlons of the target L
"3vmater1al can be expected.” (Ref 1. ) | IR




SECTION 2
DESCRIPTION OF TESTS

2.1 'TEST SPECIMENS, FRONT PANEL

The original test panels for the front windshield
consisted of'three transparent tempered glass panels 1am1nated
together with polyvinyl butyral (PVB). interlayers. The total
thiekness-was 1.22 inches. A schematlc of the. spec1men is
shown in Figure‘l A total of six spec1mens of thls _type was

,‘used, each 1 foot _sSquare. No optlcal defogglng, or antl-lce
requlrements were lncluded in the test assemblles and, 1n that

sense, they were not a dupllcate of the actual w1ndsh1eld.

A second front panel type was lncluded in the test

program as a result of the first type sufferlng adverse reactlons

resulting from bird impact tests. A schematic. of th1s redesmgned

front panel is shown in Figure 2. Ba51ca11y, these panels were the
same as the originals except that the 0. 750 1nch—th1ck middle

panel was replaced by two 0. 375 inch-thick panels separated by

a 0. 040 inch-thick PVB interlayer. The total thickness of the
redesigned front panel was 1.262 inches. As before, a total of

six 1-foot square specimena was tested.*

2.2 TEST SPECIMENS SIDE PANEL

Two dlfferent panel types were tested The flrst was
of monolithic stretched acrylic, conformlng to MIL-P-25690
(Ref. 3), with a total thlckness of 0.250 1nches. “The spec1men
panels were flat (1 x 1-1/2 ft) ‘and did not 51mu1ate the curva-
turé of the installation. However, the specimens were subjected

* Six additional over-designed tempered glass assemblies, each

1.825 inches thick, were also tested. The thickness of this
type specimen was not representative of the actual aircraft

panel, and hence they were only used in prellmlnary tests to
prove out 1nstrumentat10n and test procedures.»
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~ to the same thermal treatments‘required to’form a curved panel. | j‘l. R //?
- To permit~installation in an aluminum test frame, the panels - gy 'c/‘
were drilled to. accept bushings around their perlmeter thereby
further 51mu1at1ng the actual alrcraft 1nsta11atlons. '

The second klnd of 51de panel spec1men con51sted of an. v
as—cast acryllc-polycarbonate ‘laminate. - As schematlcally shown in-
Flgure 3, the test panels were 0. 270 1nches thick, flet {lx1 1/2
ft) and had been subjected to the thermal treatments requlred '
to form a curved panel Bushlngs were 1nstalled around the
'panel perlmeter to. allow the lnstallatlon of ‘the panels in’ the
same test frames used for the stretched acryllc spec1nen.’

Four each of the stretched aoryllc and of the acryl;c
'.polycarbonate panels were actually tested. Two panels of each
 type were 1mpacted twlce, all other panels were 1mpacted only

'fonce.

’2.'3'_  TEST FRAMES , FRONT ?ANEL
B Two dlfferent alumlnum f*ames were constructed to hold
- the speclmen panels in a manner whlch 51mulated the actual air- jf' Ceon ?;"
' craft installation. Rubber gaskets were used to seal the glass L .
"gfront panel from the 1nner and outer faces of the frame while "
‘the side panels were drllled to allow the installation of bushlngs
: around the edge ‘before placement in the frames. Flgures 4 & 5
: ‘are photographs of the alumlnun frame used for the front panel
| tests. | a = '
2.4 DESCRIPTION OF TEST SETUP
o . The tests were conducted in the in-door gun range S o
; fac111ty #1 (tunnel) at the AF Fllght Dynamlcs Laboratory, erght— ‘ SR
' Patterson AFB, Ohlo. The test specimens were mounted in the
fballlstlc test rlg which was rotatable to achieve the de51red
impact obllqulty angles. Horizontal support arms held the [N “2‘

,alumlnum—framed speC1mens in position and the gap between upper . R 9/:
and lower support arms was sealed off with a wooden framework. - RN 77/
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Figure 4- Aluminum Frame Hol,dingvy specimen
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_ Thus a wooden wall ‘with a4 specimen "w1ndow“ was created fac1ng

the gun. Thls is shown in Flgures 6, 7, and 8.

A large test table was located behind and butted up

"agalnst the test rlg. To the table was clamped a skeletal
: framework of aluminum flex-angle which formed the outllne of a

cube. To this cube were afflxed celotex wallboard sheets (flat

"whlte in color) whlch formed the four vertical walls of the , .
. cube.' Large holes were cut 1n “wo walls-v one for visual access
_ to the interior of the box by tae hlgh-speed (6,000 frames/sec

Fastex) camera, the other to allow specimen backface spall to
enter the box. Research into balllstlc testing of transparenc1es

f:1nd1cated that spallatlon would occur normal to the backface
‘-‘of‘the,spec;men regardless of t..e pro;ectlle 1mpact obllqulty

on the front'face. Ant1c1pat1 3 this, the’ camera was 51ted at

‘rlght angles to the spec1men to record the fllght path of spall

normal to the backface. " For each shot, the camera was focused

on that line normal to the predlcted xmpact point on the speclmen.
Dlrectly across from the camera, a Vertlcal grld becard was erected

‘con51st1ng of measured black squares palnted on the whlte

celotex. See quure 9. This allowed 1nd1v1dua1 spall pleces

to be tracked by the cameras and thelr veIOC1ty hlstorles to be
derlved as they passed from one grid 1nto another. It was
dlscovered in prellmlnary tests on non-A-10 wlndshlelds that

.black and white "negative" film gave much better results than

normal p031t1ve" film in detectlng and tracking the 1nd1v1dua1

»lspall partlcles. Thls procedure was adopted for all subsequent
A-lO w1ndsh1eld tests. Located dlrectly behind the spec1men by

some 30-inches was a wallboard bundle to trap largevspall pieces
(if any) which had enough energy to pierce these 1ayers

;Avallable formulas can predlct the residual energies of these

‘larger spall pleces as a functlon of the number of celotex

lavers actaally penetrated The inner-most wallboard sheet,
located in a position normally occupled by the pllot relative
to the test panel had drawn on it a 95-percentile proflle of a
pllot. See Figure 10. This served te .rovide soine qualltatlve
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>: measurement of the fac1a1 areas endangered oii4 the spall generated

by the 1mpacted spec1mens. The table top was 11ned wlth ‘aluminum

foil to collect the spall partlcles and to act as light reflectors;'

for the battery of high 1nten51ty llghts which surrounded fhe
box and flood- 1lghted it from above. See Flcure 11

Research into Army ballistic test procedures for

;bullet-proof windows and vision blocks (used in tanks) revealed
that a specxal aluminum foil (Alumlnum Alloy 1145-H19) was used -
‘as a standard for measuring backface spall The foil was' about

27—1nches square, 0.002 1nches thick and vertlcally posxtloned ‘
exactly 6- _inches behind the backface of the spec1men. JThev-»'

‘,gauge thlckness of the foil was almost the con51stency of
,"thlck" aluminum f01l used for baking food stuffs in an oven.

Thls f01l served as a multl-purpose w1tness sheet: it detected

5 the presence of spall, the dlrectlon taken by the 1nd1v1dual

spall partlcles, the number of 1nd1v1dua1 spall partlcle rene-

_tratlonskand a;so mapped the shape and lethal area over whlch

‘theVSpall was spread. Using the,witness‘sheet,'the spallation
cone'angle (originating from the specimen backface) could be .

"determlned Ma551ve or 1oca112ed heavy spallatlon could fand‘
gdld) tear good size holes 1n the withess sheet, ‘yet the cquge
L thlckness was thick enough to preserve the extremltles of thei»

spall pattern. Also, this partlcula” gauge thlckness had been
'correlated thh lethallty studles done by the Army., ‘any’ ;pall

partlcle penetratlng the foil had the potent1a1 as well as the".”
- énergy suff1c1ent to pose a visual hazard to agcrew membe -

_p051tloned 6- 1nches 'behind the transparency. Thus, thislivpe

‘of w1tne531ng technique was adopted for the A-10 w1ndshle d

sspall tests. Flgures 12 and 13 depict the w1tness sheet 1stalled
_behlnd the test Spec1mens and the flex-angle framework ans c11ps
used to mount the foil in its proper locat1on. Figure 9 '
illustrates a dellbrate over-kill shot in whlch the spec1" ‘,,

‘w1tness sheet, and celotex wallboard bundre all were pene"Wted.

18
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’“Before“ and "after" ‘color still photos were taken of w:

each specrmen tested. The spall partlcles, witness sheots,

impacted spec1mens, data logs, and hlgh-speed fllms were delivered
to the contractor for determlnatlon of spall partlcle welght,
veloc1ty, and cone angle. The A-10 SPO used this reduced data

in conjunctlon w1th Reference 7 to assess the lethallty posed ‘

‘by the 1mpacted test spec1mens.-

Flgure 14 deplcts a schematlc of the test set up.

' Multlple redundant veloclty measurlng dev1ces were utlllzed to
’v,obtaln an accurate measurement of the prOJectlle veloc1ty for

ﬁeach test. The dlstance between all velocity screens (both -

“light- beam and balllstlc circuit paprr) were nrec1sely measured

' for each shot and used with the solld—state timers to derxve
iythe velocity measurements. ‘ :

: In the test data as dlscussed in the next sectlon,

'mrnlature 1lght~reflect1ng house numbers were used in ‘the hlgho
‘ speed and stlll—photo scenes to 1dent1fy each test specimen.
_The code FPS and FS stands for "Front Panel Specrmen"'and '
"V"Front Speclmen", respectlvely ' The next two dlglt° 1rdlcate
~:the spec1men number. ‘The last digit is the numerlcal code ‘

for the SOViet threat pro;ectlle used -= in this case the

1f7762mm\API v The code "SPS"'stands for Slde Panel Specxmen.

+ 22
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 SECTION 3’

. TEST DATA

3.1 'FRONT PANEL SPALL TESTS
: A total of twelve front w1ndsh1eld spec1mens were
tested; Spec1mens FPS-01 to FPS-06 were Type 1 panels whlle
lspecimens‘FS 13 to FS -18 were Type 2 panelsr All panels were
etested against the design'specification,threat projectile - the
;'Soviet 7. 62-mm‘APlv- except panels PS 17 and'-lS. Having
‘achleved total success with the flrst ten front W1ndsh1elds'
‘without spallatlon, 1t was dec1ded to assess thelr capablllty
‘against the next hlgher threat - the Soviet 12.7-mm API. Thus,
'the last two panels {- 17 and -18) were used for these tests *

_ The ratlonale for PS 17 was to 1mpact 1t w1th a
12. 7~mm pro;ectlle at the same veloclty as the 7 62—mm pro:ectlles
“flred earller. Hav1ng a common veloc1ty, the relative dlfference'~
in damage effects could be narrowed down to dlfferences 1n ' '
projectlle mass. Sbould a complete penetratlon occur, the 1ast
fspec1men (FS 18) would be 1mpacted at a much lower veloc1ty
and the damage effects assessed -These last two tests were’ ,
,purely qualltatlve w1th no attempt made to determlne the balllstlc fl‘
Vs of the panels u51ng the standard "up-and-down" velocity ‘ T
K testlng methodology used in armor balllstlc acceptance testlng.

R The pro:ectlles were fired at an 1mpact1ng velocmty of
-2002 to 2538 fps except for one of the 12 7 ~-mm projectlles
‘whlch impacted a* about 1100 fps. :

A51de from the prOJectlle veloc1ty, the on-site data‘
recorded for each shot was mostly qualltatlve.' As is seen in

. *Specimen designations FPS-07 to FPS-'2 were used for tests on

. . an’over-designed front panel. These panels were used to test
“the instrumentation and procedures and hence the data for those

. 'shots are not 1ncluded with this report. .
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Tables 1 end 2, information taken'after each‘Shbt included depth
of penetration, size of impact créter,‘deQree of visibility of

the glass and the crack pattern. Projectile velncitiésvshan are
the average of all the redundant velocity measurenents for each shot.

The results sﬂow that the spall characteriétics for the
7.62-mm threat at 52° obliquity were virtually the same for both
the Type 1 and Type 2 panels. 1In general, there-waé very slight
front face spall and ﬁo backface spa11; The size of the impact
crater and the amount of rront face glass loss was a direct : |
function of the”projeétile velocity for the most part. The two
Type 2 panels which were subjected to the 12.7-mm prejeetile' :
threat were damaged much more severely but this threat was not
a specification ;equirément'for the A-10 windshield.

Figures 15-20 show the poststrike condition ‘of the
six Type 1 panels while Figures 21-25 are phoéos‘ef'fiveEOf,the
six Type 2 panels. As can be seen, most of the shotélcaﬁsed‘
crack patterns to emanate from the iﬁpact crater resﬁltihg in
slight to severe loss of visibility. The data gathered did not
reveal a direct correlation between pfojectile velocity and. loss
of visibility. ' o R

In addition to_paésing the $pa1l—resistance feéuirements
levied on them, the second major result was the’discb?ery‘that
both the Type 1 and Type 2 front windshields poSSessed avlevel
of bullet-resistance several 100 ft/sec above the reguired
design requirements against the SoViet 7.62-mm API prdjectile.

3.2 SIDE PANEL SPALL TESTS

Specimens of each type were tested at obliquity angles
of 0°, 45°, and 60° as measured from a normal to the surfece.
Two shots were made at each obliquity. At 0° and 45° the eame
panel was used for both shots since those obliquitiee'allowed‘

' room for two shots pef‘panel. Thus ‘a total of four specimens
of each type were used in these tests. Specimens labeled;SPS-OI
to SPS-04 were stretched acrylic (monolithic) while those

26
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labeled SpS-05 to SPS-08 were tﬁe acrylic polytarbonate sand~
wich. , ’ " ‘ '
Table 3 shows the reéults for the polycarbdnate-‘
4 shows the results for the stretched
02, 05, and 06 refer
pecimens.

acrylic panels while Table
The suffix numbers after sps-01,

at two shots were made at each of these s
e sandwich specimens

acrylic.
to the fact 'th
The data shows thaﬁ the acrylic polycarbonat
had less backface spall and of smaller granular size than the

stretched acrylic. itched acrylic specimen

One shot at the stre
also produced a large sharp edged plug.
‘the projectile penetra

Moreover, the PCE
panels fused shut tion hole while the

stretched acrylic panels did not.

panels was obscured only in the impact area. , :
SRR
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CSECTION 4 . .

'COHCLUSIONS

o Based on these tests as well as bird-proOf’ihpaot
bitests, the A-10A flat front wlndshleld consists of the four-"
glass panel conflguratlon while the 51de w1ndsh1e1ds con51st of
the" three-ply~as—cast acryllc-polycarbonate laminate constructlon.
The spec1mens tested showed that the A-lo front ‘and 51de wind-
_:hshleld de51gns met or exceeded the requlrement of the air
('Vvehlcle spec1f1catlon for balllstlc protectlon (front w1nd—
~shield only) and spall re51stance (both front and 51de w1nd-
~-shields). They also showed that, when front and side panels
;,Qere'penetrated, the backface spall con51sted of fragments wlth
. sufficient mass and veloc1ty that they could result in addltxonal
’:damage to the crew member or crew station components (Ref 7)
TFor the as-cast acryllc-polycarbonate laminate, however, the
lethallty posed to the pilot is quite low. However, the major
‘ contrlbutor to crew member klll remains the penetratlng armor
:plerc1ng prOJectlle or hlgh explos1ve fragment.f The degradatlon
“in v181b111ty is variable but could result in a m1531on abort
:'lf the area of obscuratlon is crltlcal tc weapon dellvery or

some other portlon of the m1531on.
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