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IMPACT TESTING OF AIRCRAFT WINDSHIELDS 
BY MEANS OF A DROPPING PROJECTILE 

SUMMARY 

This mvestxgatlon was carried out at 
the Natmnal Bureau of Standards m order to 
study the problem of developmg a sunpllfxd 
laboratory procedure for testmg the xnpact 
strength of arcraft wmdshlelds It was l-e- 
qulred that such a sm,pllfled test provide re- 
sults whxh would correlate wzth the results 
obtamed ,n the Clvll Aeronautxs Admmls- 
tratlontests utllwaga compressed-au cata- 
pultforproJectmg bird carcasses agamst the 
wmdshleld panels Further, It was requred 
that the test procedure be suItable for utlll- 
zatmn at any 1 o c a t I o n with a muumum of 
speclallzed equipment, and readily applxable 
by arcraft or wmdshleld manufacturers to 
determme reszstance of wmdshleld pane 1 s 
and frame structures to b,rd colllsmn 

Droppmg-pro,ectlle t e s t s we r e con- 
ducted usmg selected types of wlndshleld 
panels which varied wdely in their canstruc- 
tmn and elastic characterlstlcs A shot- 
fllled rubber bag. lead spheres of different 
size, and a hollow, round-nosed steel dart, 
loaded to various weights up to llO-lb, were 
dropped upon these panels with normal 
mcldence of unpact The latter type of pro- 
Jectlle, of 61 -lb weight, was utlllzed ln most 
of the tests, both with and wIthout a rubber 
cushion mterposed between the dart and the 
wmdshleld panel Testswere carrIedout 
wvlth a ma~nnurr, height of drop of 65 feet 

The llmlted test results covered by 
this report mdlcate that a reasonably satls- 
factory correlation exists betweenthe 
droppmg-pro,ectlle test and the catapult test 
when usmg a 4-lb chlcken carcass, msoiar 
as panel strength alone IS concerned How- 
ever. the correlatmn between the droppmg- 
PrOJeCtlk test and the catapult test wzth a 
14-lb carcass, wlthmthe ranges of pro,ect& 
wexghtand velocity used, was unsatufactory 

Correlatmn between the catapult tests 
and the droppmg PrOJeCtlk tests. with regard 
to strength of wmdshleld-cockplt enclosure 
structure combmations. has not been estab- 
llshed An addItIona ertenslve program of 
tests with the catapultand droppmg pro,ectlles 
would be requred to establish whether or not 

th,s ob,ective might be reached 

INTRODUCTION 

For the past several years the Offlce of 
T echnlcal Development of the Clvll Aero- 
nautics Admm,stratmn has conducted a test 
program concerned with the development of 
aIrcraft wmdshlelds of improved resistance 
to colllszon wltb birds mfllght In these 
tests,a compressed-ax catapult was used to 
pro,ect bird car c a s se s at airplane flight 
velocltles agamst test wmdshleld panels, 
sxnulatmg as closely as possible actual brrd 
c0111510ns. 

Data were obtamed 1x1 these tests con- 
c e r nl n g the maxunurn impact velocltx?s at 
which different types of wmdshleld panels xv111 
reslstpenetratlonofblrds of various weights 
Further. It was shown by the tests that the 
wmdshxld a r range m e n t whzch utlllzes a 
lammated glass-plastic pane with thick poly- 
vmyl butyralplastlc mterlayer provides max- 
unum Impact s t r e n g t h In this report, the 
wmdshleld arrangement described as Type I 
Incorporates such a glass-plastx rear pane 
R e s ul t s obtamed XI the test programlhye 
been reported m previous publlcatmns . 

Durmg the course of this program, It 
was felt necessary to explore the posslblllty 
of utrl,zmg a sunpler test method than that 
prowded by the compressed-alr catapult for 
the purpose of routme checkmg or approval 
of wmdshwld mstallatmns The use of the 
catapult entaxIs the assembly of a considerable 
amount oi test equipment A test method 
usmg a droppmg pro,ect,le could be carried 
out readily. wlthrmmmum equpment, by air- 

1George L P~gman, “Impact-ResIstant 
Wmdshleld Construc~on,“AeronautlcalEngl- 
neermg Rewew, Vol 4. No 1, p 9, January 
1945 

2Pell Kangas and George L PIgman, 
‘I)evelopmentof~LrcraftWlndshlelds toResIst 
Impact with Birds I,, Flight,” Part II, Tech- 
nlcal Development R e p o r t No. 74, January 
1948 
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craft or wlndshleld manufacturers at any 
location In addltmn, data derived from 
droppmg-pro,ect,le tests mght be used as a 
basis for acceptance of wmdshleld designs 
und e r safety regulatmns Accordmgly. the 
C ~“11 Aeronautics Admmlstrahon, ln 1943, 
requested the Natmnal Bureau of Standards 
to mvest~gate the posslblllty of developmg a 
ample drop test which would provide results 
correlatmg satmfactorlly with those obtamed 
with the compressed-ax catapult 

The or,gmal bird unpact studies were 
conductedat the laboratorIes of the Westmg- 
house Company at East Pittsburgh. Pennsyl- 
“ama, dur,ng 1942 and 1943 These tests 
wereallmade usmg 14-lb turkey carcasses 
The drop test study at Na tlonal Bureau of 
Standardswas conductedmthls generalpermd 
during 1943 and 1944 Bird Impact tests 
utllmng 4-lb chlcken carcasses were begun 
m F e b r ua r y 1945. when the bird-catapult 
equpment was moved from East Pittsburgh 
to the CAA Expermental St at 1 o n at Indm- 
napolls. 

At the tune the program was started at 
the Natmnal Bureauof Standards, the probable 
dlffwulty of establlshmg a satisfactory drop 
test was realmed The catapult test utilmes 
a softpro,ectlle of relatwely lowmass, 
t r a v e 11 n g at high velocity, whereas a drop 
test “ecessarlly l”“ol”es a pra,ect1le of rel- 
atwelylarge mass and low speed It was not 
believed certam that, with such a change in 
,mpact cond,tmns, a satisfactory relatmnshlp 
between the results of the two types of test 
could be demonstrated 

The present report covers the results 
of the mvestlgatmn of drop testing techmques 
carried out at the Natmnal Bureau of Standards. 
There are also mcluded addltmnal drop test 
data on methyl methacrylate plastx sheets 
more recently obtamed at the CAA Experl- 
mental Statmn Although the results reported 
are not conclusive wulth regard to posslb&ty 
of estabhshmg a satisfactory drop test, ,t 1s 
conslderedthatpubllcatlon of the results ~111 
be of general Interest, and may serve as a 
basis for further suggestmns and work 

DESCRIPTION OF WINDSHIELDS 

In the drop tests Itwas desired to utlllze 
a lm,,ted number of the V~T~DUS panel types 
already tested with the catapult Such panels 
were chosen so as to obtam a wide variety of 

constructmn, materw.ls, and nnpact strength, 
in order that any sunpllfled test which might 
be developed would be applicable to all wmd- 
shxeld panels which might be consIdered 
p r a c t 1 c a 1 for alrcraft use Four types of 
panel constructmn were mcluded in the drop 
test program The panels tested were flat 
rectangles 13 l/4 by 37 l/2 in xn outer dl- 
mensmn, mounted horzontally in a steel 
frame In the followmg descrlptmn of these 
panels, the dlmenslons mdlcated are the 
thicknesses of their components 

Type I - A double-pane wmdshleld with 
one-fourth mchfull-tempered glass frontpane, 
separatedbyaone-fourthmch air space from 
a lammated glass -plastic rear pane The rear 
pane mcorporated 7/64-m sem,-tempered 
g 1 a s s faces and a polywnyl butyral plastic 
core extended at the edges w,th 0 025-m 
alum,num alloy strip edge remforcement 
The rear pane was tested w,th one-eighth mch 
and one-fourth mch polyvmyl butyral mter- 
lammatlon, designated as Type Ia and Type 
Ib, respectively The Type I panel 1s ~llus- 
trated I” Fig 1 

Fxg 1 Type I Wmdshleld Arrangement 

Type II - A double-pane wmdshleld con- 
s 1 s tl n g of a one-fourth mch full-tempered 
front pane, separated by a one-fourth Inch 
a,r space from a lammated glass rear pane 
The rear pane consIsted of two one-fourth 
Inch full-tempered glass faces ,amed with a 
0 025-m polyvmyl b u ty r a 1 plastx bondmg 
lay=* The Type II pane 1s Illustrated m 
Fig 2 
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Fig 2 Type II Wmdshleld Arrangement 

Type III -A smgle-pane plastic wmd- 
shield of one-half Inch cellulose acetate, as 
Illustrated I” Fig 3 

/FRAME 

CELLULOSE 
ACETATE 

Fug 3 Type III Wmdshleld Arrangement 

Type IV - A smgle-pane lammatedwmd- 
shxldwlth7/64-m glass faces and 0 015-m 
polyvmyl butyral bondmg layer This type 1s 
commonly used ln present commercial a,=- 
craft, and 15 Illustrated ,n F,g 4 

Type V -A single-pane plastic wmd- 
shield of one-half mch methyl methacrylate, 
a, illustrated ,n Fq 5 

The polywnyl butyral plastx, herem- 
after de sxgnated as vmyl plastic, used m 

-WOOD 
SPACER 

Fig 4 Type IV Wmdshleld Arrangement 

STEEL WOOD 
/-SPACER 

,FRAME 

RUBBER 

‘12” METHYL 
METHACRYLATE 

Fig 5 Type V Wmdshleld Arrangement 

thicknesses of one-elghthlnchandone-fourU1 
Inch, utll,Ted a plastxzer content of 20 per 
cent The 0 015-m and 0 OL5-m thick vmyl 
p 1 a s t I c mterlayers were made with 30 per 
cent plastlclzer content 
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Types Iand III wmdshwlds were held m 
the frame by bolting Types II, IV, and V 
wmdshlelds were clamped in place with thxk 
rubber gaskets to umformly dlstrlbute the 
clampmgpressure The same procedure had 
beenusedto supportthe correspondmg panels 
xn the catapult tests 

TEST EQUIPMENT AND PROCEDURE 

The steel mountmg frame was approxl- 
mately 24 by 48 ,n I” size, and ldentlcal to 
that used m the catapult tests The frame 
was designed to simulate approximately the 
e 1 a s t 1 c and bucklmg characterlstlcs of fl n 
airplane structure. and was bolted tc an angle- 
iron stand grouted to the concrete floor This 
1s shown m Fig. 6 The tests were carried 
out with the wmdshleld panels placed horl- 
aontally so as to o b t a, n impact at normal 
mcldence The temperature of the wmdshleld 
panels was mamta>ned at 25 to 29’ C (77 to 
84” F) during the tests 

The t e s t s were made m an elevator 
shaft I” whxh a maximum height of drop of 

66 feetwas avaIlable The proJectlle was re- 
leased by burning or cuttmg the rope with 
whxh It was suspended, as shown in Fvg 7 
With this procedure, close control of the 
pomtof lmpactat the center of the wmdshleld 
panel was obtamed 

Inthe catapult tests the panels were 
mounted ldentxally to the wmdshleld posltmn 
I” the DC 3 airplane In this airplane the 
horizontal axis of the wmdshleld forms an 
angle of 52’ with the longitudinal axis of the 
airplane. and the vertical axis of the wmd- 
shield slopes rearward to form an angle of 
17 * with the vertxal. glvmg a total angle of 
slope of 41’ The catapult tests were made 
with a panel temperature of 25 to 27’C 
(77 to 81 o F) 

It was a s s urn e d that any correlation 
whxh might be establIshed between the drop 
testwlth normal mcidence of Impact, and the 
catapult test with a speclflc oblique angle of 
xnpact, could be extended to other angles of 
wmdshvsldmountrng by further determmatmn 
of the relatIonshIp between wmdshleld pene- 
tration velocity and wmdshleld slope angle 

Fig. 6 Wmdshleld Mountmg Structure and Butyl Rubber Cushmn 
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Fig 7 Pro,ect,le Before Release 

In the catapult tests, each value of 
penetratmn velocity was determmed as the 
me d 1 an value between the hqhest velocity 
w h e r e no penetratmn was obtamed and the 
lowest velocity where penetratm, occurred 
Slmllarly, in the drop tests, the height of 
drop of a project& of speclfled weqht and 
type, that barely caused fmlure of the wmd- 
shield panel suiflclentto pernut the pro,ectlle 
to pass through, was chosen as the med,an 
value between the maxmnum height of drop 

where no penetratmn occurred ana the nun,- 
mum heqht of drop where penetratmn was 
obtamed 

SELECTION OF PROJECTILE 

The basic problem mvolved I,, the test 
pragram was the determmatmn of a type af 
pro,ectlle which would provide a quahtatlvely 
smular unpact to that obtamed with the bird 
carcass x-l the catapult tests A further CO,-.- 
slderatmn was the necessity of adJustu,g the 
weight and type of pro,ect& so as to obtam 
penetratlan of the strongest panel at the 
height of 65 feet, which was estimated to be 
the maxmumhe~ght wh,ch would be practxal 
for a genera1 test of thlS nature 

As stated prevmusly. It was considered 
possible at the start of the tests that as the 
nature of the mnpact varies considerably with 
large changes of pro,ectlle velocity, changes 
of elas tic propertles of the pro,ectlle. and 
change in ratm of pro,ect,le mass to wmd- 
shield mass, no type of pro,ectlle mght be 
found to satlsiy the desired ob,ectlves With 
the drop test necessarily lmuted to a rela- 
t1ve1y large proJectlle mass at low veloc,ty, 
the only prmclpal fundamental factors wh,ch 
could be adjusted in the selectmn of the pro- 
Jectlle were Its elastic charactermtvzs and 
mlpact area 

Four dliferent pro,ectlles, shown I,, 
Fig 8, were used in the tests A shot-fllled 
rubber bag, TypeA, welghmg 53-lb was tried 
i1rst Two lead spheres, Types B and C, 
weqhmg 60 and llO-lb , respectively. next 
were used It was found that none of these 
proIectlles would produce penetratmn af the 
Type Ib wmdshleld wvltb a heqht of drop of 
65 feet The results obtamed with tests of 
these pro~ect&s are given I,, Table I, and 
the appearance of a Type Ib panel after test 
with the llO-lb lead sphere at a heqht of 
drop of 65 5 feet IS shown ,n Fig 9 

Ahollow, round-nosed, ateeldartloaded 
with lead (Type D shown in Fq 7) wa> utl- 
llzed in the succeedmg tests Th,s dart was 
used bath in direct Impact agamst the wmd- 
shield panel, and with 1 n t e r p D s e d rubber 
cushmns of varl~us types to affect the area 
and general nature of the mpact blow The 
dmmeter of this dart was 4 3/4-m , and ,t> 
lengthwas 30-m The weqht of the dart wab 
varied from 31 to llo-lb , w,th mobt of thr 
tests bemg conducted w,th a we,ght of 61 -lb 



NBS Specmen 

Test No NO 

1 Ib-B-1 

2 

3 

4 Ib-B-4 

TABLE I - TESTS WITH VARIOUS PROJECTILES ON TYPE Ib WIND5HIELDS 

(Type Ib - Front Pane-1/4-m full-tempered glass 
Rear Pane -7/64-m sem-tempered glass 

faces lammated with 1/4-m 

polyvmyl butyral plastic 

Ib-B-2 

Ib-B-3 

mkrlayer) 

Hqht 
of Drop 

ft 

PrOJeCtlkS 

Construction 

66 Rubber ball, about 9-m 

dmmeter. partly fllled 

with lead shot 

66 

66 

Same as above 

Lead ball, 6 l/Z-m 

dmmeter 

65 5 Lead ball. 8-1n 

dlamete r 

NOTE Temperature - 25 to 30” C 

The specxnen deslgnatmn in all the tables 1s as follows 

The reman numeral IS the type of wmdshleld 
The capital letters, A, B, and C mdxate the manufacturers 

The arable numeral mdlcates the specnnen IdentIty 

Weqht 

lb 

Effect on WIndshIeld 

53 No penetratmn. bolts 

falled on one edge 

53 

60 

No penetratmn 

No penetratmn 

110 No penetratmn 
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Fig 8 Types of Praject~le Utlllzed m Drop Tests 

The cushlonfoundtobemostsatlsiactory 
was formed of a pile of ixve butyl rubber discs, 
each of which was made by the f ollow~n g 
iormula, designated as compaund B 

Parts by Weight 

GR-I (butyl rubber) 100 
Zmc oxide XX Red No 72 5 
5tearlc acid 3 
Tetramethylthluram 1 
dlsulflde, “Tuads” 
Sulphur 15 
Carbon black, “Thermatomx” 5 

The discs were molded and vulcamzed 
at60pslstrampressure for 90 minutes The 

cushmn was composed of a p& af discs as 
follows 

Diameter Thickness 
(Inches) (Inches) No of Discs 

45 1 25 2 
6 15 1 
8 1 2 

The discs were placed m order of de- 
creasmg dlame te r with the largest on the 
bottom 

TEST RESULTS 

Tests first were made with the Type Ib 



Fig 9 Type Ib Wmdshleld After Test With llO-lb Lead Sphere 
Dropped 65.5 Feet (Test No 4) 

wmdshleld, mcludmg one-fourth inch vmyl 
plastic mterlayer, to determine the maxunum 
weight of the steel dart that would not result 
mpenetratmnwltha height of drop of 65 feet 
This maximum weight was found to be about 
60-lb , as mdlcatedby the test data presented 
m Table II The appearance of a wmdshleld 
of this type after test 1s shown m Fig. 10 

Type II wmdshleldswere then subjected 
to nnpactwltha 61-lb steel dart to determme 
the max,mum height of drop which would 
barely cause penetration In testmg the 
Type Ilwmdsh~ld, ltwas noted that the nature 
of the failure was conslderably different from 
that observed m the catapult tests Instead 
of the who 1 e wmdshleld bemg deformed or 
broken, a hole was punched out, the drameter 
of w hl c h was equal to that of the dart A 
cushmnof butyl rubber, thereiore, was placed 
on the wmdshleld at the pomt of Impact m an 
attempt to s ~rn u 1 B t e the candltmns of the 
catapult test After several modiflcatmns, a 
cushion 6-m m height, tapered from 4 5 to 

8-m m diameter, and 01 a relatively low de- 
g I e e of stiffness, as described under “Se- 
lectmn of ProJectlIe.” was adopted (Fig 6) 
With this cushion. the maximum height of 
drop of the 61 -lb dart which would barely 
cause penetratmn of the Type II wmdshleld 
was between 24 and 25 5 feet Without the 
cushion, penetration occurred at two to five 
feet The data for Type II wmdshleld are 
given m Table III, and the a p p e a r a nc e of 
typical panels after bemg tested with and 
wlthout the cushion 1s shown m Figs 11 and 
12 

The data obtamedwlth the Type Ia wmd- 
shield, mcludmg one-eighth mch vmyl plastic 
lnterlayer, are given m Table IV, and a 
typlcal panel after test with the 61-lb dart 
and the rubber cushmn 1s shown m Fig 13 
The height of drop required for penetration 
of thus wmdshleld was 19 to 24 feet,without 
the cushion, and greater than 42 feet w1t.h the 
cushion 

Celluloseacetate panels, Type III. one- 



N.B.S. Specunen 
Test No NO. 

8 

IO 

12 

5 

6 

7 

11 Ib-B-8 65 

15 

16 

TABLE II - TESTS WITH STEEL DART ON TYPE Ib WINDSHIELDS 

(Type Ib - Front Pane-l/4-In. full-tempered glass 
Rear Pane -7/64-m semi-tempered glass 

faces lammated with 1/4-m. 
polyvmyl butyral plastw 
Interlayer) 

Ib-A-1 

lb-A-2 

Ib-A-3 

Ib-B-5 

Ib-B-6 

Ib-B-7 

Ib-B-9 

Ib-B-10 

Height of 
Drop 

ft. 

65 

65 

65 

65 

65 

65 

Weight of 
Dart 

lb. 
Effect on Wmdshleld 

60 

60 

75 

110 

60 

60 

60 

No penetratmn 

No penetratmn 

Penetrated 

Penetrated 

Penetrated 

Dart stopped m wmdshleld 
with 6-m protrudmg 

Dart stopped In wmdshleld 
with 3-m. protrudmg, many 
bolts fmled on one edge 

31.5 85 No penetratmn 

31 5 99 No penetratmn 

NOTE Test Temperature - 25 to 21” C except for N B.5. Test No. 6 where the 
temperature was 19’ C. 



TABLE III - TESTS WITH STEEL DAFT ON TYPE II WINDSHIELDS 

(Type I1 - Front Pane-1/4-m full-tempered glass 
Rear Pane -1/4-m full-tenmered glass 

NBS 
Te5t No 

17 

19 

20 

21 

22 

24 

25 

26 

27 

28 

29 

30 

31 

NOTE 

5Jpecmen 
No 

11-B-I 

II-B-2 

II-B-3 

II-B-4 

II-B-5 

11-B-6 

II-B-6 

II-B-7 

II-B-8 

II-A-1 

II-A-2 

II-B-9 

II-A-3 

Heqht of 
Drop 

It 

31 5 

31 

31 

30 8 

30 8 

15 

31 2 

20 

25 5 

25 5 

24 

5 

2 

TestTemperature - 26 to 28’ C 
When cushmn was used. the hev&,t of drop was measured to the top of the cushmn 
Butyl compound A had a modulu4 of elastmty of the order of tread stock. compound B was 

Effect on W,ndsh,eld 

Penetrated 

Penetrated 

Penetrated 

Penetrated 

Penetrated 

No penetratmn 

No penetratmn 

No penetratron 

Penetrated 

Penetrated 

No penetration 

Penetrated 

No penetratmn 

ConsIderably softer 



TABLE IV _ TESTS WITH STEEL DART ON TYPE Ia WINDSHIELDS 

(Type Ia - Front Pane-1/4-m. full-tempered glass 
Rear Pane -7/64-m sem-tempered glass 

faces lammated with l/B-m. 
polyvmyl butyral plastic 

NBS Specmen 
Test No NO 

42 k-B-1 31 

44 

46 

48 

k-B-2 37 8 

k-B-3 15 

k-B-4 24 

50 k-B-5 

52 la-B-6 

53 k-B-7 

Height of 
Drop 

ft 

22 

19 

41 8 

mterlayer) 

Weqht of 
Dart Cushmn 

lb 

61 NLUle 

61 Yes 

61 N0*e 

61 NOM 

61 N0I-E 

61 N0l-E 

61 Yes 

Effect on Wmdshleld 

Penetrated 

No penetratmn 

No penetratmn 

Dart stopped for about a mmute in 

wmdshleld after penetratmg about 
10-m , then slid on through 

Dart stopped after penetratmg about 

6-m 

No penetratmn m rear panel, hole 

about l/2 by 1 1/2-m occurred in 

impact area 

No penetratmn but rear panel falled 
for distance of about I-ft along edge 

near center 

NOTE Test Temperature - 25 to 27” C 

When cushion was used, the height of drop was measured to the top of the cushmn 
The cushmn was 6-m high, tapered, and of Butyl B rubber, same as used in tests 22-29, 
Table III 



Fig 10 Type Ib Wmdshwld After Test With 60-lb Steel Dart 
Dropped 65 Feet (Test No 11) 

half Inch thxk. were found to he of varmble 
strength. The testdata for the Type III wmd- 
shield are presented m Table V. and the ap- 
pearance of a typlcal panel after test without 
the cushmn 1s shown m Fvg 14 WIthout the 
cushmn. both penetratmn and non-penetration 
were obtalned m the range 15 to 20 feet 
followmg a smgle Impact with the 61 -lb dart 
The only tests made with the cushmn were 
carried out with panels that had been tested 
once before without failure or apparent 
damage, From two such tests It was mdxated 
that the height of drop requred for penetratmn 
was greater than 31 feet, and probably greater 
than 37 feet Tests at greater heights of 
drop were not conducted with the Type III 
wmdshleld with cushmn because of the severe 
bouncmg of the dart obtamed when Iallure of 
the panel did not occur. 

The results of the tests on the Type IV 
wmdshleld are given In Table VI, and a typlcal 
failure Is shown mFlg 15. The height of 
drop penetratmn by the 61 -lb steel dart for 
the Type IV wmdshleld was about one foot 
wltho” t the cushmn and 3 5 to 4 5 feet with 

the cushmn 
Methyl methacrylate panels, Type V, 

one-half inch th 1 c k. were found to be unt - 
form m strength The results are given m 
Table VII. The rnu~xnurr, height of drop re- 
qulredforpenetratlonwlthoutthe cushmn was 
approximately four feet With the cushmn, 
the value was be tw e en 20 and 26 feet An 
example of bo r de rllne failure caused by 
dropping the 61-lb dart from three foot 
height 1s shown m Fig 16 An example of a 
penetratmnfailure whenthe cushmn was used 
IS shown m Fig 17 

DISCUSSION OF RESULTS 

The values of penetration velocity of the 
five types of wmdshwld panes derived from 
Impact with a 4-lb bird carcass are plotted 
In Fig 1 Ba a g a 1 n s t the values of height of 
drop for penetratmn of the same type panes 
derived from drop tests with the 61-lb steel 
dart, with and w 1 thou t the rubber cushmn 
Similarly. mFlg lgbareplotted the values of 
penetration velocxty of four types of wmdshleld 



N BS 
Test No 

Specmen 

NO. 

9 
13 

III-C -1 
III-C -2 

Height of Weight of 

Drop Dart 

ft lb 

65 60 

31.5 75 

Cushmn 

NCXle 
None 

14 III-C -3 31 5 85 NOI-& 

18 III-C -4 31 2 60 None 

23 III-C-5 31 2 31 NOE 

35 111-C-b 6 61 NolIe 

36 III-C-b 10 61 NOJW 

37 III-C -7 10 61 N0i-E 

38 III-C -7 31 61 Yes 

39 III-C-7 15 61 N0I-E 

40 III-C -7 15 61 None 

41 III-C -81 15 61 None 

43 III-C -81 37 3 61 Yes 

45 III-C-9l 19 8 61 NOM 

47 111-c-101 31 61 NoTIe 

49 111-c-111 20 61 NOlIe 

51 III-C-121 15 61 NOW? 

TABLE V - TESTS WITH 5TEEL DART ON TYPE III WINDSHIELDS 

(Type III - l/Z-m. cellulose acetate) 

Effect on Wmdshleld 

Penetrated 
Bolts failed along one edge, panel 

tore on other edge and bent back 
to allow dart to go through 

Penetrated 
Penetrated 
Penetrated 
No penetratmn 

Penetrated 
No penetratmn 
No penetratmn 

No penetratmn 
Penetrated 

No penetratmn 

No penetratmn 
No penetratmn 
Penetrated 

Penetrated 
No penetration. panel falled at 

bolts near center of one edge and 
split so part of panel bent along 
opposite edge as a hmge. deflectmn 

of 2-m. at broken edge 

1Condltmned at 25’ C and 50 per cent relative hunudlty for at least two days until One to 
three hours prmr to test 

NOTE Temperature - 25 to 29” C 

When cushmn was used, the heqht of drop was measured to the top of the cushmn 
The cushmn was 6-m high, tapered, and of Butyl B rubber, same as m tests 22-29, 
Table III 

w 



TABLE VI - TESTS WITH STEEL DART ON TYPE IV WINDSHIELDS 

(Type IV - Single pane, 0 109-m seml-tem- 
pered glass faces lammated with 
0.015-m vmyl plastic Interlayer) 

NBS SpeCllllell Heqht of Weight of 
Test No NO Drop Dart Cushmn Effect on Wmdshleld 

ft lb. 

32 IV-A-l 45 61 Yes Dart stopped momentarily 
then pushed through 

33 IV-A-2 3.5 61 No penetration, wmdshleld 
split one edge to center 

34 IV-A-3 1 61 Non.? Dart stopped but split panel 

NOTE T emperature - 25 to 27’ C 
When cushion was used, the height of drop was measured to the top of the cushion 
The cushion was 6-m.. tapered, and of Butyl B rubber, same as used in tests 22-29, 
Table III. 



TABLE VII - TESTS WITH STEEL DART ON TYPE V WINDbHIELDS 

(Type V - 1/2-m. methyl methacrylate) 

CAA Specimen 
Test No No. 

Height of 
Drop 

ft 

Weight of 
Dart 

lb. 
Cushmn Effect on Wmdshleld 

417 v-c-1 10 

418 v-c-2 5 

61 None 

61 None 

Penetrated 

Penetrated 

419 v-c-3 3 

420 v-c-4 10 

61 None 

61 Yes 

Cracked pane 

No effect 

421 v-c-5 20 61 Yes No effect 

422 V-C-6 26 61 Ye5 Penetrated 

423 v-c-7 26 61 Yes Penetrated 

NOTE Tests conducted at CAA Experimental Statlon, Indlanapolls. IndIana. 

Test Temperature - 75 to 80” F. 
When Butyl B rubber cushion was used, the height of drop was measured to 
the top of the cushion. 
The cushion was 6-m high, tapered. and of Butyl B rubber, same as used m 
NBS tests 22-29 and 32-33. 



TABLE VIII _ COMPARISON OF RESULT5 OF DROPPING-PROJECTILE 

IMPACT TESTS AND CATAPULT TESTS 

Wmdshleld Type 

Mmm,um Heqqht of Drop for Penetratmn Catapult Tests 
Tests with 61 -lb. Steel PrOJ'ZCtlk Maxnnum VelocltyFor NoPenetratmn 

WItbout Cushlon With Rubber Cushmn I 14-lb Carcass 4-lb. Carcass 

ft 

Type I, flexible-edge 
glas 5 lammate 

a. 1/8-m vmyl plask 19 to 24 
b 1/4-m. vmyl plastx 65 

Type II, tempered 
glass lammate 2 to 5 

Type III. cellulose 
acetate 15 to 20 

Type IV, smgle-pane 
glass lammate about 1 

Type V, methyl methacrylate 4 

ft mph mph 

42 to >42 130 280 
160 440 

24 to 25 5 140 170 

>3l(probably >37)’ 90 140 

3.5 to 4 5 <75 75 

23 160 

‘Butyl B rubber cushmn 6-m. m height, tapered from 4.5 to 8-m. in diameter. 

2Data obtamed for panels sub,ected to one or mire prevmus tests. 
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Fig 11 Type 11 Wmdshleld After Test With 
60-lb Steel Dart Dropped 31 5 Feet 
(Test No 17) 

panes obtamed with the 14-lb bird carcass 
catapult tests and the drop tests The pene- 
tratmn velocity values whxh are utlllzed m 
Fig IBa and 18b were reported previously m 
connectIon with the catapult test programS 

Exceptfor the values concprnmg cellu- 
lose acetate, Type III, the torrelatmn shown 
I” Fig 18a between the drop teqts and cata- 
pult teits usxng the 4-lb bird carcass appears 

3&e footnote 1 

to be good Cellulose acetate. although erratic 
m strength, demonstrates greater anpact 
strength when tested by the 61-lb droppmg 
proJect& than the methyl methacrylate sheet 
plastic However, m the high-speed catapult 
tests with 4-lb bird carcass, the reverse is 
true The test values for Type V, methyl 
methacrylate, fit very well mto thy= curve 
formedbyTypesIa, Ib, II, and IV m Fig 18a 

It has been observed that the cellulose 
acetate panes. when tested by both the dropplng 
prolectlle and the compressed-air catapult, 
react m a different manner qualltatlvely to 
these two testmethods than do all of the other 
materials utlllzed Types Ia and Ib panels, 
mcorporatlng relatively thl ck vmyl plastic 
Interlayers, behave as relatively flexible and 
tough materials m both tests However, 
Type III, cellulose acetate, when tested by the 
air catapultwlthhlgh-speedimpact, shows the 
type of Iallure assocmted with brittleness, 
but, when tested by the droppmg prolectlle 
with low-speed wnpact, behaves more as a 
tough and elastic materlal wlth high energy 
absorptmn characterlatlcs 

This qualltatlve dlfierence between 
cellulose acetate and all the other matermls 
testedmay explam the relatively high Impact 
strength of cellulose acetate wltb the low- 
speed drop tests and Its relatively low Impact 
strength with the high-speed impact test 
method This dliference 1s Illustrated m the 
posltmn of the cellulose acetate test value m 
the curve shown m Fig 18a 

Another characterlstlc of the cellulose 
acetate panes which was revealed m the drop 
tests 1s their erratx n-npact strength under 
low-speed Impact condltmns Both failure 
andnan-iallure of the cellulose acetate panels 
occur randomly over the range of height of 
drop from 10 to 20 feet Factors whxh may 
a if e c t this erratx behavmr are the sense- 
tlvlty of cellulose acetate to temperature at 
the tnne of test and to humldlty condltmns 
durmg storage prior to test In the drop 
tests on cellulose acetate. the humldlty con- 
dltmns were controlled as shown m Table V 

It 1s apparent, ln Fig lab, that no cor- 
relation exists between the two types 01 tebt 
when the drop test results are plotted agamst 
the c a ta p ul t test results obtamed with the 
14-lb bird However, good correlatmn can- 
notbe expected between the drop test results 
and both the 4-lb bird and 14-lb bird cata- 
pult test results. when It 1s known that thr 



Fig 12 Type II Windshleld After Test With 60-lb Steel Dart 
Dropped 30.8 Feet upon Rubber Cushmn (Test No 22) 

Fig. 13 Type la Wmdshmld After Test With 6.-lb Steel Dart 
Dropped 41 8 Feet upon Rubber Cushmn (Test No 53) 



Fig 14 Type III One-Half Inch Cellulose 
Acetate Wlndshmld After Test 
With 60-lb Steel Dart Dropped 
65 Feet (TestNo 9) 

catapulttest results obtamed separately w,th 
the two bird we lghts do not correlate well 
be tw ? en themselves It has been show” 1” 
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of the bird from 4 to 14 lb causes a quail- 
tatlve c ha u g e I” the nature of the nmpact. 
which results lntwo different Impact strength 
relat,onsh,ps between the dlfierent types of 
wlndshwld panels 

The relatively rlgld and brittle Type II 
wndshleld, with a rear pane utlhzlng one- 
fourth Inch full-tempered iront faces laml- 
nated with 0 025-m vlnvl plastic mterlayer. 
1s farthest out of order with respect to the 
other types iarmlng the curve I” Fig lgb 
I” the catapult tests wxth the 14-lb bird, the 
,mpact resistance of Type II ,i slightly greater 
than Type Ia utlllzmg one-eighth Inch vmyl 
plastx ~“terlayer, and conslderably greater 
than Type III cellulose acetate pane In the 
catapult tests with the 4-lb bird, Type II 
penetratmnvelocltyis less than that for Type 
Ia and nearly as low as Type III 

As Type II Impact strength m the drop 
tests usmg the 61-lb steel dart 1s less than 
e,ther Type Ia or Type III, the correlation 
shownmFlg lga. comparing drop test values 
with those obtamed with catapult tests usmg 
the 4-lb bird, 1s better than that shown m 
Fig lgb,wherem the catapult test values are 
derived from the use of the 14-lb bird 

As the drop tests allwere conducted with 
the wlndshleld panels mounted in a standard 
steelframeand supporting structure, the re- 
latlonshlps shown ,n F,gs lga and 18b can- 
not be applied directly to wmdshleld panels 
mounted ln actual cockplt structures How- 
ever, Itmay be assumed that a slmllar quah- 
tatlve relatlonshlp could be establlshed for 
this condltmn insofar as the panel strength 
1s concerned 

TEST LIMITATIONS 

The correlation shown m this report 
between the droppmg-pro]ectlle test and the 
catapulttestwtha 4-lb bird carcass applies 
to the impact strength of the wmdshleld panel 
alone No attempt has been made to extend 
the correlation beyond this point 

In order to abta,” a completely satls- 
factory drop test procedure with results 
which would correlate I” every way with the 
catapult test results, the followmg add,tlonal 
correlatlo” and data would be required 

(1) It would be necessary to demonstrate 
that the d r o p p 1 n g project& would produce 

the catapult tests that varlatla” of the mass iallures of the mounting frame and supportmg 
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Fig 15 Type I” Wmdshxeld After Test With 61-lb Steel Dart 
Dropped One Foot (Test No 34) 

Fig 16 Type V. Methyl Methacrylate, Wmdshleld After Test With 
61-lb Steel Dart Dropped Three Feet 



Fig 17 Type V, Methyl Methacrylate, Wlndshleld After Test With 
61-lb Steel Dart Dropped 26 Feet upon Rubber Cushmn 

structure sm,~lar to those obtalned with the 
catapult tests of wlndshleld-cockpIt enclosure 
structure comblnatmns, and at heights of 
drop whlchwouldcorrelate with the velocltws 
requredto produce smular failures with the 
catapult No certainty exists that such added 
correlatm” could be found 

(2) Accumulatm” D f ertenslve addltmnal 
catapult test data would be requxed to show 
the vanatmn ,n w ~“d s h 1 e 1 d panel xnpact 
strength over a wide range of panel temper- 
atures and panel mountmg angles These 
data would be needed because of the uncer- 
tamty of fmdmg a dxect correlatm” between 
the two types of test over a wzde range of 
these variable condlhons, and the deslrablllty 
of reducing the drop test to the sm,ple con- 
dltmn of a fixed standard temperature and a 

90” angle of mlpact 

The add,tm”al correlatm” required III 
c 0 n n e c t 10 n With failure of panel mounting 
frames and their supportIng structures could 
be establlshed only by a” extensive test pra- 
gram ~“vdvxng both catapulttests anddropplng 
pro,ectlle tests upon wndshleldpanels 
mounted I” a variety of different frame and 
cockplt structures No plan for conduct of 
such a test program “ow 1s bang contem- 
plated 

The addltxqnal catapult data required. 
showngvarlatmnof m.pact strength of wind- 
sh,eldpanels with change I” temperature and 
mount.,ng angle. have been secured I” recent 
conduct of the general wmdshleld test pro- 
gram. andwlll be presented I” future reports 
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CONCLUSIONS 

1 Drop tests mvolvmg a 61 -lb round- 
nosed steel dart. dropped w,th normal ,ncl - 
dence upon SIX different types or thicknesses 
of wr,dsh~elds mounted I” steel frames, show 
thata reasonably good correlatmn ex,sts be- 
tween results of such d test and of catapult 
tests conducted with 4-lb bird carcasses 
pro,ectedat a,rplane flight vcloc~t~es against 
slmllar wndihwldpanels 1” ixnllar mountmg 
arrangements This I> true for all typei 01 
pan?5 tebtedexwptthe celluloseacetatp pane 
An uniahsfactory correlat,on exlits between 
these two typps of teit when comparison 15 
made with the catapult test values obtalned by 

use of the 14-lb bird carcass This may be 
expectedsmce the 4-lb and 14-lb bird cata- 
pult data do not correlate well together 

2 The use of a 6-m h,gh rubber cushmn 
to increase the duratlan and area of the em- 
pact causes no unportant qual,tatlve change 
in the drop test results 

3 The correlation found between the 
two types of testapplIes to the Impact ,trength 
of the wmdshleld panels alone Further ex- 
tpnsxve catapult and drop tests would be re- 
qured to determux whether the correlatmn 
could be e x t e n d e d to cover failures of the 
wlndshleldframeandsupportlng \tructure, as 
commonly observed in the catapult test pro- 
gram 
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