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DEVELOPMENT OF AIRCRAFT WINDSHIELDS 
TO RESIST IMPACT WITH BIRDS IN FLIGHT 

Part III 

IMPACT CHARACTERISTICS OF 
AIRCRAFT WINDSHIELDS INCORPORATING 

POLYVINYL BUTYRAL PLASTIC INTERLAYER 

SUMMARY 

This report 1s the fIna general report 
covering results obtamed I” the wmdshleld 
development p=oJect, and mcludes more 
spec,flc data than we=e prewously reported 
I” Part II. ca”cer”,“gunpact cha=acter,stlcs 
of w 1 n d 5 h I e 1 d s utllmng a thlrk polyvinyl 
butyral plastx mterlayer 

Thepresent reportls ma,“lyca”cer”ed 
I with a study of the effect of plastx temperature 

I 
a” the 1 mp ac t strength of wIndshIeld panes 
mcorporat,“g thick plast,c Interlayers The 
effect of wIndshIeld slope and the effect of 
mass of bird ca=cass on the Impact strength 
of these panes were also studled The method 
of test, where,” chlcke” c a r c as s es were 
proJected by means of a compressed-ax cata- 
pult at amplane flqht veloclt,es against the 
test panes. was the same as ut,l,zed 1” the 
tests described previously 

The test results show that glass-plastic 
panes made with 0 188-l” thick polyvinyl 
butyral plastx mterlayer (20 per cent plas- 
tlclzer content), tested at 45” angle of wind- 
shield slope with a 4-lb chxke” carcass, 
have maxlmnm m,pact strength at 90° F with 
a penetratlo” v e 1 o c , t y of 330 mph It was 
found that the xnpact s t r en g th decreases 
rapIdly at plastic temperatures shghtly above 
and below that at w h 1 c h maximum strength 
occurs At 65” F and 124” F, the penetratlo” 
velocity IS about one-half of that obtaIned at 
90°F Comparable data were obtamed for 
several other t y p e s of expermental panes 
varying I” plastmzer content, plastic thick- 
*es*. and lammat,on arrangement 

The test results show that tbz penetratm, 
velocity “a r 1 e s xl an approx1mate1y 1,near 
manner w , t h the angle of w,“dshleld slope 
The rate of increase I” Impact strength with 
~“creasmg angle of slope ,s greatest for the 
80’ F plastic, whxh shows a 50 per cent ,“- 

crease I” penetratm” v e 1 o c 1 t y I” changing 
the wlndshleld posItlo” fro=” O0 to 60” slope 
Identical p a” e 1 s with plast,c temperatures 
of 65” F and 110” F show only about a 20 to 

30 per cent 1nc=ease I” penetratron velomty 
with the same lnc=ease I” slope 

It was found that the effect of mass of 
bird carcass on penetration velocity of panes 
tested at 0’ slope IS not purely a” energy re- 
latmnshlp. but apparently 1s modlfled by the 

effect of the dmmeter of the c arc as 5 pro- 
JeCtlk A mathematical expresslo” for the 
curve deflmng this relatlonshlp, and co,“- 
cldmg with the test data. was developed 

INTRODUCTION 

This report was preceded bytwo 
earher general reports covering th,s PrOJeCt 

Part I was c on c e = n e d with the statlstlcal 
analysis of the bmd-axplane collls,o”s re- 
ported by al=-carrue= operators for the f,ve- 
year per,od from 1942 through 1946 1 Part 
II reported the results of the test program 
conducteddurmg the sameperlod. concerned 
with development of imp = eve d Impact-re- 
slstant wmdshlelds andwthtestlng of ““me=- 
ous manufacturers’ cockplt lnstallatmns 2 

‘Pell Kangas and George L Plgma”. 
“Developmentof AIrcraft Wlndshlelds to Re- 
slst Imp a c t with Birds I” Flqht”, Part I. 
llColl,s~onof Birds with A,rc=aft I” Scheduled 
Commercial Operations mtheContme”ta1 
UnltedStates, TechnIcal Development Report 
No 62, January 1949 

‘Pell Kangas and George L Pqma”. 
“Development of AlrcraftWl”dsh,elds to Re- 
slst Impact with Birds I,-, Fhght”. Part II. 
“Investlgatlo” of Wlndshmld Materials and 
Methods of Wmdshleld Mountmg, ‘I Technical 
Development Report No 74. February 1950 
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The mo s t xnportant factor wh,ch be- 
came evident andwas partially studled in the 
,“vestlgat,o” reported in Part II was the ef- 
fect of temperature of the polyvmyl butyral 
plastw mterlayer on the Impact strength of 
the lammated pane Other phases that re- 
qulred further study, and which are directly 
concerned w 1 t h ,mpact-resistance, are the 
effect of wlndshleld slope and the effect of the 
mass of the bird carcass It was consldered 
essentlaltoevtend the mvestzgatmn to secure 
more complete data upon these phases of the 
problem before dlscontmumg the pro,ect 

Inorder to mvestlgate more completely 
the effect of temperature on panel strength, 
It was decided that not only should panes with 
the present standard arcraft type polyvmyl 
butyral plastx. w,th 20 per cent plastlcmer 
content, be tested, but also that there be I”- 
eluded in the test program plastic resins of 
15 per cent and 30 per cent plastxlzer con- 
tent 

Prevxous tests had lndvzated the rela- 
tlvely narrow temperature r a “g e at which 
polywnyl butyral plastx normally ma,“ta,ns 
hIghstrength Consequently, a”experm,e”tal 
type pane was Included m an attempt to broaden 
this range and permit the temperature con- 
trol problem ,n practxal lnstallatlons to be- 
come less cr1t,ca1 This pane was composed 
of two plastic Interlayers, one w,th 20 per 
cent plastlclzer c on t e n t and the other w,th 
30 per cent plastlaxer content, and of three 
layers of semltempered glass 

Panes with polyvmyl but y r a 1 plastx 
,nterlayer greater than 0 25-m thickness 
wcrc”oti”vest,gated. prmclpally because the 
present-day al r transports are operatmg at 
speeds where protectIon canbe provided with 
th,s or th,““er plastic thickness Therefore, 
mast tests were made with panes utlllzlng 
0 188-n? thick p 01 yv 1 “yl butyral plastx 
1nterlayer 

Itwas desired that an ultimate achieve- 
ment of th,s proJect be to provide sufflclent 
l”iormat,on to make possible the design of 
wmdshlelds whl c h would comply with Clvll 
Air Regulatmns wlthout necessity for labor- 
atory testing to check the adequacy of such 
design Th,s obJectxve has bee” essentially 
reached for axplanes of conventIona des,g” 
except for mcomplete miarmatmn on deslg” 
ofportIons of rhe alrcraft structure supportIng 
the wmdshleld pane As the tests covered ,n 
this reportwere concernedprxmar,ly wxth the 

Impact strength of the lammated pane Itself. 
the mountmg details were not studled The 
strength of the mount,“g arrangement for the 
pZ3*=.5, a s determIned by the b o 1 t size and 
spacmg. was kept safely above that requxed 
by the Impact forces obtalned I” the tests 
HoWYer. s o m e addltlonal I”iormat,on was 
gamed concerning thickness of metal Insert 
I” the extended plastxc edge of the pane. and 
1s presented 1” th,s report 

EQUIPMENT AND METHOD OF TEST 

The test equipment and method of test 
were generally the same as those used ,n the 
earl,er phases of the program, and are de- 
scribed I” detail I” Part II of the general re- 
port 3 

The size of the erperwnental pane used 
for the present tests was changed from 12-m 
by 36-m (as used I” previous tests) to a s,ze 
of 18-m by 24-m The latter sxze and shape 
more closely approximates that of wmdshlelds 

: 

of recent design. and als o ads I” avold,ng 
edge failures caused by the high concentration 

1 

of stresses resultmgfromxnpact close to the 
edges This occurred wlththz smaller vertical 
pane dwnenslon used 1” the earl,er type ex- 
perxnental pane 

The desired uniform pane temperature 
was abtalned Inmost cases by ,mmers>ng the 
mounted test pane ~“a controlled-temperature 
llquld bath prior to testing The plastx 
temperature was measured bymeans of 
thermocouples Inserted ,n the plastx Inter- 
layer near the edges of the pane The temper- 
ature of the llquld bath was held at about 2” F 
above the required test temperature when 
the test temperature v,as above that of the 
room, and smnlarly, to about 2’ F below the 
required test temperature when the test 
temperature was below that of the room The 
plastic temperature normally was wIthI” 1’ 
of the desired t e mp e r at u r e at the t,me of 
test 

Prior to the begmnmg of th,s test pro- 

gram. attempts we r e made to wnprove the 
unlformlty of the c a r c as s velocity attamed 
with any particular operatmg air pressure of 
the compressed-ax gun Various 5 I z e s of 
seamless steel tubes, ranging from 5-x” to 

3See footnote 2 
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6-m diameter. wereused as barrels for the 
air gun man attemptto moprove the fit of the 
c a r c a 5 s m the barrel Light-weight rIgId 
cylmdrlcal plugs, flttmg s n u g 1 y m the gun 
tube, also were t r 1 e d m order to provide a 
more uniform pressure behlnd the chlcken 
carcass I* Its travel throughthe tube It was 
found that a plug sufflclently rlgld to resist 
crushmg at apressure of 300 PSI (approxxnate 
pressure required to attam velocltles of 350 
to 400 mph) was too heavy to be perrmtted to 
follow the c a r c as s and hit the wmdshleld 
Deflector arrangements attached to the muzzle 
of the gun tube were made which, at low 
velocltles, did not affect the dIrectIon of the 
soft bird carcass and successfully deflected 
the c our s e of the rIgId plug However. at 
higher velocltles (above 200 mph) the use of 
suchadeilectmg arrangementwas unsuccess- 
ful 

B e c au s e of the apparent dlfilculty of 
lmprovmgunliorrmty of the velocltles obtaIned 
with the gun, the o r 1 g I n a 1 method of pro- 
jectmgthe carcass freelyma clothbag 
through the approprmte size gun barrel was 
utlllzed This method, wherem the carcass 
velocity IS predetermmed a5 a functmn of the 
gun air-tank pressure, permits the velocity 
to be predlcted wlthm a range of approximately 
+lO per cent This varlatlon III the velocity 
abtamed with the air gun did not canstltutc a 
sei-lous problem durmg the course of these 
tests 

All of the tests were made with the 4-lb 
chlcken carcass proJected through the 5-m 
diameter gun barrel except for those tests 
concerned with studymg the effect of mass 
of c a r c a s s on Impact strength In these 
tests, carcass projectiles waghmg from 1 
to 8-lb were used, andwere proJected 
through appropriate size gun barrels The 
1 and 2 lb carcasses were made fromportlons 
of chlckens we~ghmg about 3-lb , whereas 
the S-lb carcass proJect,le was formed by 

tying two 4-lb chlcken carcasses tightly to- 
gether and then ilttmg them Into a cloth bag 

MOUNTING STRUCTURE FOR TEST PANES 

The data secured m the tests reported 
m Part II of the general report, relative to 
the construction of the test stand and mountmg 
frame, showed considerable divergence be- 

tween the impact strength values of the ex- 
perlmental panes mounted on the test stand 

and smmlar panes mounted m actual cockplt 
structures 

The test values. mterms of penetration 
velocItywIth the 4-lb bird carcass. derived 
from the us e of the experImenta test stand 
and mounting frame, were about 100 mph 
higher than those obtalned with the average 
cockplt The d 1 if e r e n c e apparently was 
as s o c I ate d with the ilexlblllty of the test 
stand and mounting f r am e as contrasted to 
the relatively more rlgld normal cockplt 
structure As aresultofth~s experience. the 
test standand the wIndshIeld mounting frame 
were revised to form a more rIgId support 
for the test panes more closely possessIng 
normal alrcraft structural characterlstlcs 

The steel test stand was supported by 
steel struts against the rear concrete wall of 
the testchamber This arrangement IS shown 

I” Fig 1 The vertical posts for supportlng 
the test pane mounting frame we r e made of 
3-1” by 3-l” by l/4-1” steelangle, and re- 
slsted wxthout appreciable bendlng the Impact 
forces associated wulth the test velocltles at 
O’w~ndsh~eld slope For high wvlndshleld 
slopes the rear vertical post received direct 
Impact of the carcass and was reInforced by 

weld,ng two 3-1” by 4-l” angles to form a 
steel boxed sectlon Fxed bolt ilttlngs with 
hand-operated wing-nuts we r e added to the 
post to make attachment of the mounting 
frame possible I” about 30 seconds 

The mounting frame was made of 2-l” 
by 2-l” by 3/16-l” steel angle welded to 
form a relatively r 1 g I d support for the test 
pane The strength of t hl s frame was such 
that bendlng occurred in the maJorlty of the 
tests, necessltatlng stralghtenlng of the 
frame members 

The test panes, in whlc h a 0 188-l” 
plastic lnrerlayer was used, were attached to 
the retaxnng aluminum alloy strip with No 
10 aIrcraft b o 1 t s spaced 1-l” on centers 
Panes with 0 25-l” plastic Interlayers and 
those with two 0 125-111 plastic Interlayers 
were attached w 1 t h 0 25-1n diameter air- 
craft bolts spaced 1-l” on centers 

The bolts attaching the pane to the re- 
talnlng strip passed through holes drllled in 
the extended flexible edge of the pane which 
consIsted of the vinyl plastic relniorced with 
24S-T aluminum alloy Insert strip Th< 
thxkness ofthe metal Insert was 0 040-111 in 
the 0 l&8-III plastic, 0 065-l” Inthe 0 25-l” 
plastic. and 0.020-x, I” each of the two 



Fig 1 Test Chamber Showmg Tlmmg Wire Supports and Steel Test Stand 

0 125-m p 1 a s t I c mterlayers m the double 
lam,nated panes When the metal insert 
thickness was reduced to 0 032-m III the 
special 0 188-m plastic lammated panes to 
eLmmate shearmg of the plastic at the edge 
of the metal msert. It was found that No 10 
arcraft bolts spaced 1-m oncenters. smnlar 
to the mountmg for panes with 0 040-m m- 
serts prav,ded satxfactory strength at a 0” 
angle of wmdsh~eld slope At 45’ wmdslneld 
slope the bolt holes were slightly elongated 
XI the metal Insert For panes with 0 025-m 
metal Insert, the bolt spacmg was reduced to 
0 5-l” , and No 8 a,rcrait bolts were alter- 
nated with No 10 bolts Thx arrangement 
appeared adequate m all of the tests to avoid 
falure of mountmg b o 1 t s and of the plastx 
and metal Insert at the bolt holes 

The retamng strip. attachmg the test 
pane to the mounting frame. was untlally 
made of 0 040-m 24S-T alummum alloy 
This retaln~ng strlpwas fastened to the 
mountmg f r a me with No 10 brass screws 
spaced 2-m on centers In tests at higher 

carcass velocltvzs the brass screws falled m 
shear Thereafter. No 10 alrcrait bolts, 
spaced 1-m on centers, were used m at- 
tachlng the retalnlng strip to the steel 
mountmg frame In subsequent tests at 
carcass velocltles of approximately 150 mph, 
the ho1 e s m the 0 040-m 24S-T alummum 
alloy retammg strip became elongated The 
th,ckness of the retammg strip was thereupon 
doubled to 0 081-m 24S-T alummum alloy. 
and no further failure was observed 

TEST PANES 

The expenmental wmdshleld panes used 
m these t e s t s were all of the plastic-glass 
laminated type, 18-m by 24-m m size 
Various t h 1 c k n e s s e s of polyvmyl butyral 
plastic Interlayer. havmgvarlous plastlclzer 
content, were utilized m these panes In 
addltlon to these variables. varlatlon m the 
thickness of the metal strip Insert m the panel 
edge was Introduced I” a few cases All the 
variables are listed 1” Table I. and the con- 
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TABLE I 

Bird-Impact Test Program and Test Variables 

Inches 
I 

Per Cent Pounds Degrees 
I 

“F 
I 

Inches 
I 

1 The effect of plastic temperature and plastlclzer contrnt on penetration velocity 

(a) 0 la8 15 4 45 75 to 160 0 040 

(b) 0 188 20 4 45 50 to 165 0 040 

(c) 0 188 30 4 45 oto 150 0 040 

(d) 0 25 20 4 45 40to 150 0 064 

(e) 0 125tO 125 20 + 30 4 45 32to 165 0 020 

2 The effect of wIndshIeld slope on penetrallon velocity 

0 188 20 4 0, 45. 60 65, 60, 95, & 110 

3 The effect of mass of carcass on penetration velocity 

0 188 20 1, 2. 4, 8 0 95 

4 The effect of metal Insert thickness on pla? tlr edge failure 

0 188 20 4 45 70, 80 0 025. 0 032, 0 040 

0 040 

0 040 
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structlon details of the different type panes 
are shown ,n Fig 2 

The types of expermxntal panes in- 
eluded ,n the tests were 

Type Al5 The Type Al5 panes mcorpo- 
rated a 0 188-m thick vmylplastlc Inter- 
layer lammated with 0 188-m thick sernl- 
tempered glass faces The plastx Inter- 
layer had a plastx,zer content of 15 per 
cent 

Type A20 The Type A20 pane was Iden- 
txal to Type Al5 except for a 20 per cent 
plas tlclzer content of the plastx mterlayer 

Type A30 The Type A30 pane was iden- 
tlcal to Type Al5 except for a 30 per cent 
plastxuer content of the plastx mterlayer 

Type B20 The Type B20 panes ~ncorpo- 
rated a 0 25-m thick vmyl plastx Inter- 
layer laminated with 0 188-m tlnck senu- 
tempered glass faces The plastx Inter- 
layer had a plastxlzer content of 20 per 
cent 

Type CZO-30 The Type CLO-30 panes II-,- 
corporated two 0 125-m thlckvmyl 
plastic Interlayers lammated w1 th three 
0 125-m thlcksenutemperedglass sheets 
One mterlayer had a plastlazer content of 
20 per cent and the other lnterlayer had a 
plastlclzer content of 30 per cent 

Th panes were obtamed in equal numbers 
of each type. as nearly as possible, from the 
two prlnclpal manufacturers of glass-plastic 
laminated aircraft wmdshwlds. the Libby- 
Owens-FordClass Company and the Rttsburgh 
Plate Glass Company 

No correlatmn was found to exist be- 
tween the penetratmn velocity and varlatlon 
in the plastx tlnckness of md,vldual panels, 
either as supphed by one manufacturer or by 
bothmanufacturers The coefflclent of ~a=,- 
atlanmthe plastic thickness was a maximum 
of four per cent for the different types of 
panes with 0 168-ln and 0 25-m thick plastic 
mter1ayers For the g r o up of panes w , t h 
0 125-m thick plastic Interlayer, the coef- 
flclent of “ar~atlon was s1.K per cent 

Other possible slgnlf~ant varlatlons in 
these panes, such as the type of plastxlzer 
and re~ln used and differences ln the manu- 

facturmgprocess, were consIdered, butagam 
no apparent correlation was found to e,ust 
between these varlatlons and the ,mpact 
strength of the panes 

TEST RESULTS AND DISCUSSION 

Impact strength of the lamu-,ated test 
panes 1s measured in terms of penetratmn 
velocity. or thatveloclty at whxh a Byrd car- 
cass of speclf,ed we 1 g ht will barely cause 
falure of the plastic Interlayer I,, the body of 
the pane The value of penetratmn velocity 
derived in each case 1s normally the median 
value between the highest velocity where no 
penetratmnis obtamedandthe lowest veloc,tY 
where penetratmn 1s obtamed 

As stated prevmusly in Part 11 of tixs 
report, the numb e r of md,wdual tests de- 
fmmg each value of penetratmn 1s llnnted 
because of the expense and comphcatlan of 
each test and the practxal lack of need for 
extreme preclslon m the f anal test result 
Usually. e a c h value of penetratux, veloaty 
1s based uponthree or more mdlvldual tests 
However, ma few cases one or two m&vldual 
tests were considered suff,clent to mdlcate 
the value of penetratmn velocity with accept- 
able accuracy The magmtude of error ,n 
the values of penetratmn velocity ln the data 
covered by thl s report 1s estunated to be a 
rna*lmum of +10 per cent 

Effect of Plast,c Temperature upon 
Penetration Veloc,ty 

The effect of varlatlon of temperature 
upon the penetratum velocity obtamed with 
the drfferent type panes 1s demonstrated by 
plot t 1 n g penetratmn velocity-temperature 
cur’ves Such curves defme a basic charac- 
terlstlc of the panes Although the shape of 
such curves 1s generally s,rmlar for all pane 

types I showmg a maximum strength at a 
partxular temperature and a relatwely rapid 
decrease mstrength at temperatures greater 
or 1 e s s than the aptlmum value, varlatmns 
in the curves are xnportant Such varlatlons 
Include the v a 1 u e of optmum temperature 
where maxrrwnm,pact strength 1s obtamed. 
the magmtude of the ma~lmum penetratmn 
velocity, and the rate of change of penetratmn 
velocity w Ith temperature at temperatures 
greater or less than the optmu,, value 

In the followmg dlscusslon the portmns 
of the curves associated with plastic temper- 

- _. 
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atures that are low~=r or higher than that re- 
qulrrd for maxm~um imp a c t strength wvlll. 
for the sake of sm,pl,clty. be called the low- 
trwperature and high-temperature portlox. 
*eSpeCtlVt?ly The peak of the curve ~111 be 
termed the maximum strength portmn 

Type Al 5 Panes 
Experunental wIndshIeldpanels U-L- 

corporatlng vinyl plastic of 15 per cent 
plastlclzer content were Included III these 
tfSts, along with the 20 and 30 per cent 
plistlclzed materials, to determme the ef- 
fect of abnormally low plastxlzer content on 
Impart strength Vmyl plastx sheets, with 
only 15 per cent plastlcxzer content. cannot 
be formed by the usual extrusmn method, but 
are formed by pressing the material to re- 
qulred thickness Such material IS not used 
In wIndshIeld manufacture 

The penetration velocity-temperature 
curve formed by the plotted test values for 

the Type Al5 pane 1s shown In Fig 3. and 
conforms to the general shape of the curves 
for Type AZ0 and A30 panes Penetratmn 
velocity values for Type Al5 panes were ob- 
tamed over a range of test temperatures from 
75” F to 160°F The maximum Impact 
strength, as mdlcated by the curve. occurs 
at about 100’ F where the penetratmn velocity 
1s 305 mph 

Shearmg of the vmyl plastic mterlayer 
at the Inner edge of the me t a 1 Insert m the 
pane was barely evident In the t e s t s of the 
Al5 pane Only one failure, caused entirely 
by sheanng at rhe edge, occurred at 100” F 
and at a velocity of 335 mph However. with 
another pane tested at the same temperature 
but at avelocity of 320 mph, the plastic falled 
m the normal manner In the local area of the 
b,rd Impact 

Several examples of types of fa,lures 
occurrmg In vmyl p 1 as t 1 c lammated panes 
tested at high speed can be shown III tests 0 



Fxg 4 Example of Borderlme Penetratmn of Type Al5 Pane at Temperature Less 
Than That at Whxh Maximum Strength was Obtamed 

Type Al5 panes Fig 4 shows results of 
lmpactwlth a pane temperature of 75” F At 
this temperature the plastic m the Type Al5 
pane 1s relatively bnttle The wedging of 
the carcass m the 1 a r g e openmg formed m 
the pane mdlcates that the penetratmn of the 
panewas notcomplete, therefore, sucha 
test result 1 s cansldered to be a borderlme 
type of fa,lure The type of borderlme failure 
occurrmg m relatively soft plastx 1s shown 
In Fxg 5, where the plastic temperature 
was 110°F and the carcass velocltywvas 
293 mph 

It was shown m these tests that the 
g 1 as s portmns of the lammatmn contrIbute 

very little to the Impact strength of the pane 
One TypeA15pane. whxh had Its glass faces 
shattered ma prevmus test wlthoutm- 
Jurmg the plastic. was subsequently tested 
at 160’ F and at a c a I c as s velocity of 116 

mph Thx later test resulted m a small 
tear m the plastx, mdlcatmg borderlme type 
of falure Another pane. when mltlally 
tested also at 160’ F and at 112 mph. dupll- 
cated the amount and type of failure In the 
pane that was tested without the support of 
Its glass faces 

The above tests als o mdlcate that the 
levelmg of the penetratmn v e 1 o c 1 ty versus 
plastic temperature curve at the hlgh-temper- 



Fig 5 Example of Borderlme Penetratmn of Type A20 Pane at Temperature Greater Than 
That at Which Maximum Strength was Obtamed 

ature end IS not due to strength contributed 
by the glass components, as the penetratmn 
velocity was very nearly the same with or 
wlthout the glass 

It 1s shown m Fzg 3 that the Impact 
strength of the Type Al5 pane drops rapldly 
at temperatures below 85’ F and above 110’ F 
From Table II. which was derived from the 
data In Fig 3. It can be seen that the temper- 
ature range o v e r whvzh the penetratmn ve- 
locltyls 70 per cent or more of the maxxnum 
penetratmn velocity IS from 78” F to 126” F. 
which represents a varmtmn In temperature 
of 48’ F Temperature ranges for other lm- 
pact strength levels also are shown 

Type A20 Pane 
The Type A20 pane, with vmyl plastic 

mterlayer of 20 per cent plastlclzer content, 
represents the type of pane that IS commonly 
used m present-day t r ans po r t arcraft to 
prowde bird-Impact resistance Tha type 

pane, with a plastic thickness of 0 188-In 
has a penetration velocity bet w e e n 250 and 
300 mph when tested at 80’ F In the various 
actual cockpIt structures, as reported pre- 
vmusly m Part II of this report 

As previously reported. the more 
flexlbk type of wIndshIeld supportmg s tructure 
used m the laboratory tests report m Part 
II, produced p e net r at I on velocltles about 

-- 
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TABLE II 

Temperature Range of Type Al5 Pane at Various Impact Strength Levels 

Per Cent Temperature Range Total 
of Maxmnum 

C-F) 
Temperature 

Penetrat,on Varlatlo” 
Velocrty Ml~l~UIKl MaXIIlIUm (“F) 

100 100 100 0 

90 82 115 33 
80 79 121 42 
70 78 126 48 
60 76 131 55 
50 75 140 65 

100 mph greater than were o b t a III e d w,th slightly above the maximum penetratmn ve- 
ldentlcal panes mounted in the more rlg,d loclty of 300 mph obtained from tests of 
cockplt structures In the present tests, the smmlar panels in cockplt structures 

i 
It may 

penetratmn velocity for the Type A20 panel be concluded that the type of wmdsh~eld sup- 
at 80’ F. as mdxated ,n the curve shown XI portmg structure used ,n the present tests 

Fig 6. IS 316 mph Thzs value IS only has elastic characterlstlcs more closely re- 

I 
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semblmg actual amcraft structures 
The maximum nnpact strength. as lo- 

dxated by the c u r v e for the Type A20 pane 
II, Fig 6 1s obtamed at approxmately 90’ F 
The maxnnum value was determmed prm- 
clpally by tests carried out at 95” F. where 
the per&r&on velocity was establIshed as 
327 mph Failure of the vinylplast~c occurred 
at 330 mph and non-failure was obtamed at 
324 mph at thus same temperature 

The penetratmn velocltles at 70” F and 
80” F were more dlffvzult to estabhsh At 
these temperatures many failures resulted 
from the plastx shearmg at the mmer edge of 
the metal Insert II, the pane Such shear 
failures o cc u r r e d in two out of three tests 
made at 80” F. and ln three out of five tests 
made at 70” F, with panes havmg 0 188-m 
vmylplast~ Interlayers and 0 040-m 24S-T 
alummummsert in the edge Few failures of 

thx type occurred at lower or h,gher plastx 
temperatures 

Specml panes with 0 188-m. plastic 
thickness, but with 0 032-m and 0 025-m 
metal mserts, did not fall I,, thm mmer 
when tested wlth70”FandBO’Fplastlc 
temperature 

It 1s mdlcatedthat the crltlcal temper- 
atures at w h 1 c h shear-type failures occur 
are those temperatures assocmtedwlth 
stlffenmg of the plastic and decreasmg un- 
pact strength lust below the temperature of 
maximum strength At the extreme low- 
temperature end of the curve, fa,lure by 
shearmgat the edge appears less frequently, 
and It practxally never occurs at the high- 
temperature end of the curve 

Examples lllustratmg various types of 
failure. in addltmn to those given above for 
Type Al5 panes. are shown in Figs 7 and 8 I 

Fig 7 Example of Penetrat,on of Type A20 Pane at Temperature Less Than That at Which 
Maxrmum Strength was Obtamed 



Fxg 8 Example of Edge Failure Where Vmyl Plastic Sheared at Edge of Metal Insert 

F1.g 7 shows an example of a failure of rel- 
ahvely brittle vinyl plastic at 64’ F. tested 
at 184 mph Test of a slmllar pane at 172 
mph resulted II-I no failure F,g 8 shows an 
example of edge failure, whe r e the plastic 
shearedat the Inner edge of the metal Insert 
In this case, the plastx temperature was 72’ 
F and the carcass velocity was 272 mph An 
example of afalure mplastlc at high temper- 
ature IS showninFlg 9 Athlghtemperatures 
the plastw has hqh elongat,on, and normally 
falls by tearmg at the pomt where the carcass 
IS pocketed whxh 1s usually toward the rear 
edge of the pane 

The curve for Type A20 panes. shown 
III Fig 6. tends to become level at both the 
hqh and low temperature ends The curve 
1s approximately parallel to that of the Type 
Al5 pane over the high temperature portIon 
of the CUr”e The extreme high temperature 
end of the curve for the Type A20 pane was 
determIned by tests at a plastic temperature 
of 165-F lntheflrsttest at this temperature 
the glass faces of the pane were shattered, 
but no failure resulted m the plastx However, 
a subsequent test upon the same pane at 115 
mph r e s ul t e d m penetratmn falure The 
penetrat,on velocity for this pane at 165-F 



Fig 9 Example of Penetration of Type A20 Pane at Temperature Greater Than That at 
Which Maxmnum Strength was Obtamed 

therefore was evaluated as 108 mph It 1s 
consIdered unlikely, on the basis of experience 
dIscussed 1 n the previous sectlon regardmg 
Type Al5 panes. that thw. value would have 
been sqnlfxantly greater had each test been 
made wItha wrgm pane At the low-temper- 
ature end of the Type A20 curve. the tests 
made with plastic temperatures of 65’ F and 
50’ F d e t e r m 1 n e the portlon of the curve 
where the change mslope mdxates a tendency 
toward levelmg 

The Impact strength of the Type A20 
pane changes slightly more rapldly with tem- 

perature thanthat of the Type Al5 pane How- 
ever, the maxunum penetratmn velocity of 
the Type A20 pane. approxmnately 330 mph at 
90” F. IS slightly greater than that for the 
Type Al5 pane The Impact strength of the 
Type A20 pane decreases rapldly wxth de- 
crease in temperature below 80” F and with 
mcrease m temperature above 100” F Re- 
ferrlng to Table Ill. It can be seen that the 
temperature range over which the Type A20 
pane has a penetration velocity at least 70 
per cent of Its maxmxun value 1s from 70’ F 
to 112” F. The width of this temperature 
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TABLE III 

Temperature Range of Type A20 Pane at Various Impact Strength Levels 

Per Cent 
of Max,mum 
Penetration 

Temperature Range 

(‘F) 

Total 
Temperature 

Varlatlon 
Velocity Mm~mum MaXlTlUIIl (“F) 

100 90 90 0 

90 76 104 28 

60 73 108 35 

70 70 112 42 
60 68 116 50 

50 63 123 60 

40 57 134 77 

range IS 42" F Sumlar temperature ranges 
for other Impact s t r e n g th levels also are 
shown 

Type A30 Panes 
Panes utlllzmg 0 188-m mterlayers of 

30 per cent plastlclzedvmyl plastic, although 
not of the type used In present-day axcraft. 
were mcluded In this test serxes to determme 
the effect of abnormally high plastlclzer con- 
tent on Impact strength 

The curve relatmg penetratmn velocity 
to p 1 a s t 1 c temperature for Type A30 panes 
1s shown m Fig 10 This curve 1s not well 
defined m the temperature region correspond- 
mg to maximum strength The panes tested m 
this regxon, with p 1 as t I c temperatures of 
30” F to SO” F. had the highest frequency of 
failure of all Type A panes by shearmg of the 
plastw at the edge of the Insert Failure re- 
sultmg m the shear of the plastic occurred 
m seven of ten tests III this region of the 
curve. which made It dlfflcult to ascertam 
accurately the temperature at which maxi- 
mumstrength was obtamed and the maxrnum 
penetratlonveloc~ty The posItIon of the 
curve was chosen on the basx of non-pene- 
tratlon at 30” F and 260 mph carcass velocity. 
and the median value of 310 mph between 
penetration andnon-penetration at 45” F 
The curve connecting the penetration velocity 
at 310 mph and 45-F and the penetration 
velocity at 136 mph and 110” F was made to 
pass between the borderlme failure values 
obtamed at 65’ F and 60” F 

It IS bellevedthat If tests from 30” F to 
70-F were made with Type A30 panes, utl- 

lwxng thmner metal mserts, more rellable 
penetratlonveloclty values would be obtamed 
wIthout serious edge shear fallure A s~m,lar 
situation occurred III tests of Type A20 panes 
which was solved by the use of thmner metal 
mserts 

The location of the region ofhlgh 
strengthfor the TypeA pane, as compared 
to the Type Al5 and A20 panes, shifts a con- 
slderable distance down the temperature scale 
with maxrnum Impact strength occurrmg at 
45” F However, the rate of loss in strength 
with mcreasmg temperature above the temper- 
ature of maximum strength 1s much slower 
with Type A30 panes than for the Type A15 
and A20 panes For example. III Table IV It 
1s shown that the temperature range, over 
which the lmpac t strength of the Type A30 
pane 15 70 per cent or more of the maxxnum 
strength, 1s from 26’ F to 81” F. a varlatmn 
of 55’ F T h 1 s varlatlon I s approamately 
15’ greater than obtamed for Types Al5 and 
A20 panes At lower xnpact strength levels 
the correspondmg varlatmn IS eyen greater 

Type B20 Panes 
An rnportant qualltatlve change, with 

respect to the carrelatIon between the plastic 
temperature and Impact strength, 15 mdl- 
cated by tests of the Type B20 pane, where 
the thickness of the vmyl plastic Interlayer 
III the lammatedpane 1s mcreased to 0 25-In 
fromthe 0 186-m thickness used m the Type 
AZOpane As shownmFq 11, the maxmum 
penetration velocity abtamed with Type B20 
pane 1s about 355 mph, which 1s about 25 mph 
greater than that obtamed with the Type A20 
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lIllll/llrlllll i III I I I I I I I I, I IlIlIlI,IullI ~ II 

PLeiSTlC TEMPEReiTURE - DEGREE F 

Fig 10 The Effect of Plastic Temperature on Penetration Velocity of Type A30 Panes 

TABLE IV 

Temperature Range of Type A30 Pane at Varmus Impact Strength Levels 

Per cent 

of Max,mum 
Penetratlan 

Temperature Range 

(“F) 

Total 
Temperature 

Vanat on 

100 45 

90 32 
80 28 
70 2.6 

b0 24 
50 23 
40 18 

M.ZXlllXlIll (‘F) 

45 0 
62 33 
72 44 
81 55 

92 68 
103 80 
115 97 

pXLe This increase in penetratmn velocity coYer.5 a relatively greater temperature range 
of only eqht per cent was CJ b t a in e d with a at hqh nnpact strength levels than the curve 
one-thnd increase x, the plastx thickness for the Type A20 pane The temperature 
However, the rate of loss in strength of the range, o v e r which the penetratmn velocity 
0 25-m vlnylplast,c,wlth,ncreasingtemper- for the Type BZO pane 1s 70 per cent or more 
atures over the h,gh-temperature portmn of of the mavmmnpenetratmn velocity. IS from 
the curve, 1s much less than for the panes about 68’ F to 153” F, which represents a 
with 0 188-m plastic The curve for the varmtmn ,n temperature of 85’ F Temper- 
Type BZO pane. consequently, 1s flatter and ature ranges for other unpact strength levels 
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Fig 11 The Effect of Plastic Temperature on Penetratmn Velocity of Type B20 Panes 

also are correspondmgly great 
The maxmnum strength for the Type 

B20 pane occurs at about 100’ F Th,s tem- 
perature 1s 10” F greater than obtamed for 
the Type A20 pane wxth ldentxal plastlclzer 
content of the vmyl plastic mterlayer The 
slope and p o s it 1 on of the low-temperature 
portIon of the curve for the Type B20 pane 
are clos ely ldentxal to those for the Type 
A20 pane The prmclpal varlatlon between 
the two curves for Types A20 and B20 panes 
occurs 1x1 the high-temperature portmns It 
IS ofpartlcular Interest that a smnple mcrease 
ofplastlc mterlayer thickness from 0 188-m 
to 0 250-m , wlthnootherchangebemgmade, 
results in the types of change noted m the 
temperature - penetratmn velocity relation - 
ship 

Type CZO-30 
The curve shown m Fig 12 represents 

the correlatmn between plastic temperature 
and penetration velocity for the Type C20- 
30 pane which utlhzes two 0 125-m vmyl 
plastic Interlayers, onew1th2Oper cent 
plastlclzer content and the other with 30 per 
cent plastlcleer content A maximum pene- 
tratlon velocity of 295 mph 1s obtamed at a 
plastic temperature of65” F It 1s mterestmg 
tonote that the peak of the curve for the Type 

CZO-30 pane IS about rmdway on the temper- 
ature scale between the peaks formed by the 
correspondmg curves for Type A20 and A30 
pUle.5 

Defmltmn of the posltmn of the maxx- 
mum s t r en g t h pomt of this curve was not 
complxated by the occurrence of shear failure 
along the Inner edge of the metal Insert 
Only one suchshear failure occurred. at 
45’ F and at 275 mph carcass velocity This 
rarity of shear failure probably ~5 explaIned 
by the relatively low value of one-sxth for 
the Insert-plastic thickness ratm used 

The rate of loss m Impact strength of 
the Type CZO-30 pane w1 th mcreasmg tem- 
perature, above tk temperature correspondug 
to maximum strength, 1s the lowest obtamed 
for all the types of panes tested The curve 
1s generally flatter and broader than the 
correspondmg curve for the Type B20 pane 
The temperature range over which the pene- 
tratlon velocItyis 70 per cent or more of the 
ma~xnum penetratmn velocity IS from about 

39’ F to 134’ F. whIchrepresents a varlatlon 
m temperature of 95’ F T h I s varmtlon 1s 
10-F greater than that for Type BZO pane. 
and a bout twice that for the Type Al5 and 
A20 panes 

At the high-temperature portlon of the 
curve, the rate of loss of Impact strength 15 
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low at plastic temperatures less than about 
140’ F However, the Impact strength drops 
rapIdly at greater temperatures. as shown 
by test at 165’ F, where the pane was pene- 
trated at a carcass velocity of 85 mph The 
shape of the cur ve does not conform to the 
general shape of the Type A curves. all of 
which mdlcate a levelmg tendency at the high- 
temperature end No reason for this varL- 
atIon in the shape of the curve for the Type 
CZO-30 pane can be offered on the basis of 
the tests performed 

General Dlscusslon 
The penetration velocity-temperature 

relatIonshIps for the five types of panes tested 
are plotted together m Fig 13 for purposes 
of comparison The results obtamed from 
these tests with relatlan to effect of plastic 
t e mp e r at u r e on penetratmn velocity. are 
presented m the followmg 

(a) The most slgmflcant factor affectmg 
the locatmnof each curve with respect to the 
temperature scale 1s the plastlclzer content 
of the plastic mterlayer, a secondary factor 
bemg the plastic thickness Type Al5 panes, 
utlhzmg a 15 per cent plastlclzer content, 
attam maxmnum penetration velocity at 100’ 
F Increasmg the plastlclzer content by 5 
per cent places the peak of the curve for the 

Type A20 pane at 90” F. and an addltlonal 
10 per cent mcrease m the plastlclzer con- 
tent shifts the temperature of maxmnum pene- 
tratlon velocity for Type A30 pane to 45’ F 

There 1s plotted InFIg 14the varmtlon, 
with plastlclzer content of the plastic mter- 
layer. of the temperature at which maximum 
Impact s t r en g t h 1s obtamed It 1s emdent 
thatmcrease I* plastlclzer content 1~. assoc~- 
ated with an mcreasmg rate of drop m optunum 
temperature The practical appllcatlon of 
these data 1s uncertam. as the plastic with 
15 per cent plastlclzer content 1s too hard 
and unworkable to be formed mto sutable 
mterlayer sectlons by normal manufacturmg 
procedure, and the plastic with 30 per cent 
plastlclzer content becomes extremely soft 
with hl g h amblent temperature However, 
under special circumstances, use of such 
materials other than the normal plastic with 
20 per cent p 1 a s tl c I z e r content might be 
feasible For example, there are also 
p 1 o t t e d m Fig 14 the curves showmg the 
temperatures. abole and below the optimum 
temperature value, at w h I c h the lammated 
p an e retams 90 per cent and 50 per cent of 
Its maximum p en e t r at 10 n velocity value 
From a study of these curves, It may be 
concluded thatuse of plastxc with 30 per cent 
p 1 a s t 1 c 1 z e r content would be practical in 
small alrcraft of moderate flight speed and 
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F,g 13 The Effect of Plast,c Temperature on Penetratmn Velocity 

- 
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wlthout wmdshleld heating equpment Under 
s uc h cncumstance a p an e w,th 0 188-m 
p1ast1c Interlayer, mounted at a 45” angle of 
slope. would provide Impact protectLon 
agamst a 4-lb bird at amplane velocltles of 
at least 150 mph over a temperature range 
from about 25’ F to 105” F 

Increasmg the plastic mterlayer thick- 
ness f ram 0 188-m to 0 25-m for panes 
w,th 20 per cent plastmzer content of the 
plastx ,nte r laye r causes the maximum 
strengthportmnofthe curve shown in Fig 13 
for Type A20 pane to move upward 10’F 
along the temperature scale, that 15, from 
90°F to 100°F far Type B20 This effect 
was not mvestlgated for the Type A30 and 

Type Al5 panes with 30 per cent and 15 per 
cent plastmzer content. respect1ve1y 

The max,mum penetratmn velocity for 
Type CZO-30 pane, whxh contams e qua 1 
th,ckness of 20 per cent and 30 per cent 
plastlclzed plastx, o c cur s at 65” F, which 
1s equldxtant on the temperature scale be- 
tween the peaks formed by Type A20 and A30 
curves 

(b) It IS shown mFlg 13 that there 1s only 
a moderate var,at,on,n the maxnnum strength 
attamed by each of the five types of panes 
The Type A panes, made with 0 188-m vmyl 
plastic Interlayer. “a r y ,n max,mum pene- 
tratmn velocity from 305 mph for Type A15. 
310 mphfor Type A30, and 330 mph for Type 
A20 Th,s varmtmn ,n maxmnum penetratmn 
velocity for the three Type A panes of 25 mph, 
or about e 1 ght per cent, 1s not considered 
s1gmhcant AddItIonal t e s t s of Type A30 
panes, w,th metal insert 0 032-m thick, 
might show ,ncrease of the value of maxunum 
penetratmn veloc,ty and brmg It closer to the 
max,mumpenetratmn velocity for Type A20 
Also, It 1s possible that formmg of the plastic 
mterlayer in Type Al5 panes by pressmg a 
body of the plast,c to requmed thickness XI- 
stead oflammatmg 0 015-m sheets to make 
up the requred thickness, as was done for 
the LI)andWpercentplastlclzedvlnylplast~cs. 
mght have had munor effect upon the max,- 
mum penetratmn velocity measured for the 
Type Al5 panes 

Type B20 panes. havmg 0 25-m vmyl 
plastic. have amax,mumpenetratmn velocity 
of 352 mph, or only about e,ght per cent 
g r e ate r than that for Type A20 panes. al- 
though Type B20 panes have a plastx Inter- 
layer thickness one-third greater than Type 
A20 As no t e s t s were made of panes with 
plastic lnte rlayer thickness greater than 
0 25-,n or le 5 s than 0 188-m , no broad 
correlatlon be tw e en plastx thickness and 
penetratmn velocity can be establtshed 

TypeC20-30panes,havmgtwoO 125-,n 
mterlayers wlthd~fferentplastlclzer contents, 
have a maximum penetratmn velocity of 295 

mph, nearly equal to that of panes with a 
smgle 0 188-m “my1 p1ast1c mterlayer, at 
a temperature of 65” F. which 1s about m,d- 
way between the temperatures at which each 
c o m p o n e n t plastx has max~,,urn Impact 
strength 

(c) The unpact strength decreases rapidly 
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for al 1 types of panes at temperatures both 
above and below the temperature where maxi- 
mum strength 1s exhIbIted The change I” 
Impact s t r e n g t h with temperature 1s most 
raptd for all type panes I” the temperature 
range below that required for max.mum 
strength. 

In order to better compare the rate of 
change of Impactstrengthwthplastlc temper- 
ature for the varxous type panes. the curves 
of Fig 13 are replotted I” F,g 15. In Fig 
15, the temperature-strength c”rves are 
made to coxnclde at their pmnts of max~m”m 
strength. Bnd the Impact strength ordmate 1s 
presented I” terms of per cent of maximum 
penetratmn “eloclty 

The rate of change m Impact strength 
for all Type A pane s at temperatures both 
above and below that required for maximum 

I Impact strength 1s approxlmately the same, 

I 
as IS show” I” Fig 15 Types B20 and CZO- 
30 pane a r e similar I” characterlstlcs. but 
show a slower rate of change of penetratmn 

I 
velocity wthtemperature than do the Type A 
pFL*eS In 111ustratmg more SpeclfKally the 
r e 1 at IV e rate of change I” impact strength 
with temperature, the followmg comparxons 
are made for the portmns of the curves ex- 
tendmg from 75 to 85 per cent of maximum 
penetratmn ve1oc1ty 

(1) In the low-temperature portmn of the 
curves for Type A panes. a ten per cent 

change I” penetrat,o” velocity occurs with 
Z-F to 3°F temperature change S,m,larly. 
for Types B2O and CZO-30, the same 
strength change occurs wvlth 4” F to 5” F 
temperature change 
(2) I” the high-temperature portlo” of the 
curves, there 1s agreater var,atmn I” the 
rate oi change of penetratm” velocity with 
temperature Type s Al5 and A20 pane 
show a ten per cent change I” penetratmn 
velocity for 5” F change 1” temperature 
The rate of change for Types A30 and B20 
IS one-halfof thatfor Types A15 and A20. 
wItha ten per centvarmtmn I” penetratmn 
veloc,tyfor a 10’ F change I” temperature 
Type CLO-30 pane has the lowest rate of 
change 1” Impact strength. with a ten per 
cent change I” penetratm” velocity occur- 
ring for a 20’ F “arlatlo”,” temperature 
(d) The temperature range over which a 

Large portm” of the max~mumlmpact strength 
,s maIntaIned 1s greatest I” the c a s e of the 
Type B2O pane. which has a 0 25-m vmyl 
p1ast1.z Interlayer of 20 per cent p1ast1c1zer 
content and the Type CZO-30 pane, which 
has two 0 125-l” vinyl plastic Interlayers. 
one wxth 20 per cent plast,cuer content and 
the other w,th 30 per cent 

It IS lnterestxng to note that both Type 
B20 and Type CLO-30 panes, each havmg a 
tatalplastx Interlayer thickness of 0 25-m , 
appear to have t e mp e I- a tur e-penetratm” 
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velocity curves somewhat similar in shape 
In Fig 15 It c an be seen that the curve for 
Type B20 pane I 5 flatter and broader at the 
upper portmn and consequently, the Type 
B20 has a greater temperature range than the 
Type CZO-30 far penetratmn velacltles 75 
per cent or more of the maxImum value 
However, the Type CZO-30 pane shows a 
slower rate of change In Impact strength with 
temperature thanthe Type BZOpane at 
temperatures greater than that where maxi- 
mumstrength occurs, therefore. although the 
Type CZO-30 pane shows a slightly smaller 
t e m p e r at u r e range than Type B20 where 
penetratmn velocity 1 s mamtamed above 75 
per cent of the maximum value, the Type 
CZO-30 has a greater correspondmg temper- 
ature range than Type B20 for penetration 
velocltles between 50 and 75 per cent of the 
*ammum value 

lncreasmg the thickness of plastic of 
20 per cent plastlclzer content from 0 188-m 
to 0 25-m , as 1s represented by the change 
from Type A20 to Type B20 pane. causes an 
mcrease I” breadth of the temperature range 
over whl c h high relative strength 1s man- 
tamed This 1s a pp a r e n t from the curves 
shown 1x1 F,g 13 If we select III F,g 13 the 
penetration v e 1 o c it y value at 80” F for the 
Type A20 pane, the temperature at which 
wmdshlelds m the cockpit mstallatxons have 
been tested for compliance with CIVIL Au 
Regulatmns and reported In Part II. the value 
of penetration velocity shown 1s about 95 per 
cent of the maxImum penetration velocity 
value obtamed at the optimum temperature 
The temperature range over which the pene- 
tratlon velocity 1s 95 per cent of the maxImum 
or greater15 about 20” F, from 80” F to 100” 
F If Type B20 panes are analyzed in the 
same manner. the comparable temperature 
range at 90 per cent of the maxmum pene- 
tratlon velaclty extends for 48” F, from 80” F 
to 128” F. about twoand one-half times more 
than the range for Type A20 panes 

Of the curves shown m Fig 15. that 
for Type A20 pane covers the narrowest 
temperature I an g e at the various strength 
levels from 50 to 100 per cent of maxImu* 
penetratlonveloclty The curve for Type Al5 
pane has a 5’ F to 10” F greatertemperature 
range than that f o r Type A20 at all strength 
1 e v e 1s from 50 to 90 per cent of maximum 
penetration velocity Of the Type A panes, 
the curve representmg the Type A30pane with 

30 per cent plasticizer c on t e n t shows Ihe 
greatest temperature range over which high 
strength 1s maIntamed At 50 per cent of the 
maxlmumpenetrat~an velocity. Type A30 ha5 
a temperature range of 84” F, where Type 
Al5 has 64’ F, and Type A20 has 54” F 

AIrcraft w,ndsh~eld panes ut,l,zmg 
vmylplast~c Interlayers for Impact resistance 
are llmltedm the degree of safety which they 
prowde by the narrowness of the temperature 
range over which high Impact s t r e ng r h IS 
mamtamed The apphcatmn and control of 
heat to the pane. b o t h far mamtanung the 
Impact-resIstant quality m the vmyl plastic 
andfor supplylngnecessary heat for de-lcmg 
purposes, are more exacting with panes 
such as Type A20. with a relatively narrow 
peaked curve as shown m Fig 15, than for 
panes w1 th broader curves. such as Types 
B20 and CZO-30 The design of an Impact- 
resIstant wmdshleld mcorporatmg a vinyl 
plastic Interlayer, should take mto consId- 
eratlon the heatmg method to be used The 
hot-al= methodof wmdsh~eld heatmg depends 
upon clrculatlon of heated air through a space, 
usually about 0 25-m th,ck, between the 
front de-lcmg pane and the rear Impact-re- 
slstant pane This system generally utlllzes 
mcommg air at a temperature of about 200” F, 
and the air leaves the o pp o s it e end of the 
pane at a temperature of about 100’ F The 
temperature varlatmn of the plastic mter- 
layer m the pane may be as much as 100” F 
The Type B20 pane. wulth the broad type curve 
shown ,n F,g 13. or the Type CZO-30 pane. 
but possibly with greater plastic thxkness, 
appear to be mosr sultable for US e with the 
hot-al= method of wmdshleld heating with Its 
existent large temperature varlatlon 

The electrically-heated, smgle-p ane 
type wmdshleld appears to provide a closer 
control of pane temperature and a more unl- 
form temperature dlstrlbutmn The temper- 
ature varlatlon I” the electrically-heated pane 
1s about 1OaF to 20” F over the various 
partlons of the pane The narrow peak type 
curve o b t a I ne d for the Type A20 pane, as 
showninFlg 13. appears tobe adequate from 
th,s standpomt For example. at 90 per cent 
of the maximum p e n e t r at I o n velocity for 
Type A20, the total range I* temperature 15 
25’ F, with anaverage temperature of 90” F 
Temperatures of 90’ F to 100” F in the wmd- 
shIeldpane, whIchIs about the range of tem- 
perature o b t a I n e d with electrxally-heated 
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wmdshlelds, requxre the use of a vmyl plastx 
with no more than 20 per cent plastxlzer 
content, urhlc h has Its maximum Impact 
strengthoccurrmgatthese or somewhatlower 
temperatures 

Durmg those fhghts when heat for de- 
~cmg 15 unnecessary, the need for heat 1s 
determmed by the requirement for mamtalnmg 
Impact-reststance of the plastic mterlayer 
I” the c a 5 e of 20 per cent plastlclzed vinyl 
plastic, the temperature required for mam- 
tamxng strength 1s about the same as 1s needed 
for de-lcmg of the pane by the e 1 e c t r L c a 1 
method If a pane slmllar to Type CZO-30 
were used, the average operatmg temperature 
of the plastic could be lowered about 25’ F. 
or from 90” F to 65” F whende-Icmg was not 
required This reduction I” operatmg tem- 
perature would reduce c o n s Ed e r a b 1 y the 
electrlcalpower requIrementfor the elerrrl- 
tally-heated type windshIeld 

It 1s known that there are times I” 
fhght whenno heat 15 applied to the wmd5hleld 
panes In this case, the Type CZO-30 pane 
would possess conslderable strength at tem- 
peratures as low as 35” F. where the pane 
has an Impact strength correspondmg to 70 
per centofits maxlmumpenetratlon velocity 

The Type CZO-30 pane might be made 
more useful InmeetIng the condltlons of heat 
appllcatlo” and pe rlods when no heat 1s apphed 
If the thickness of eachplastic Interlayer were 
Increased from 0 125-l” to 0 188-1” The 
low-temperature end of the resultant curve 
probablywould be shIfted 10’ F to 20’ F down 
the temperature scale, or approxxnately to 
the posItlo” of the low-temperature portIon of 
the curve for the Type A30 pane The maxi- 
mum penetration v e 1 o c 1 t y for such a pane 
would be Increased, p c o b a b 1 y to 350 mph, 
and the high-temperature end would be raised 
to correspondmg higher penetratlo” velocity 
values IncreasIng rhe thickness of the plastic 
InterlayersinTypeCZO-3OpamfromO 125-m 
to 0 188-1” would result I” a” Increase in 
unit weight from 6 5-lb /square foot to 8 9-lb / 
square foot or a” 1 n c r e as e of about 37 per 
cent This analysis assumes a thickness of 
outer glass faces of 0 188-l” , and a rhlck- 
ness of Inner glass separating sheet of 
0 125-l” , I” the h r a v 1 e r laminated pane 
Type B20 panes, made with 0 250-m vmyl 
plastic mterlayer and glass faces of slmllar 
thxkness. weigh about 8 2-lb /square foot, 
or about e 1 g h t per cent less than the Type 

C20-30 usmg 0 188-l” pla%tlc 1ntr rlaycrs 
The slight dxfference I” the umt wright bt - 
tween the Type B20 pane and the Type CZO- 
30 pane. using 0 186-l” plastic mterlayrr5. 
would appear to be justlfled I” attaInt”!: ihc 
advantages of a broadened Typo CLO-30 
curve 

(e) A study of the curves show” 1” Fig 13 
reveals variations I” the,= shape nt the low 
and high-temperature extremltles The 
penetration velocity-temperature curves for 
the three Type A panes tend to flatten at botb 
the high and low-temperature ends of the 
curves at lmpactstrengthlevels below 60 per 
cent of the maximum penetration velocity 
It was shownprevIously that rhe tendency for 
flattenmg of the curve at the high-temper ature 

end appears to be associated with a charac- 
terlstlc of the p 1 as t I c and not to any great 
e x t e nt with the strength contributed by the 
glass components Tests made at high lem- 
peratures w 1 t h panes conslstlng only of the 
plas t IC Interlayer, the glass faces having 
been wholly or partially removed m prcvlous 
tests, resulted I” penetratlo” velocity values 
as high as those p r o d u c e d with undamaged 
panes 

It appears that in the case of the cur-e 
for the Type A20 pane, whIchassumes nearly 
zero slope at 165’F. that at some higher 
temperature where the plastic has practlcaily 
no strength. the values of penetration velocity 
may drop to a constant value carrespondtng 
to the strength of the glass alone This also 
probably would be true for the other curves 
shown 

The reason for the flattening of the 
Type A20 and A30 curves at the low-temper- 
ature end was not determIned Evidently the 
glass-plastic lamlnatlon acts more as a 
homogeneous unit. the plastic at this temper- 
ature having high strength and rlgtdlty, and 
the Impact strength of the combmatlon becomes 
more dependent upon the glass components 

The temperature penetration velocity 
cnrve m Fxg 13 for the Type B20 pane was 
not developed sufflclently to determme the 
5 hap e of the curve a t temperatures above 
130” F “or below 64’ F At the upper end, 
the shape of the curve from 130’ F to 150’ F. 
as show” by a broken lme. W&S plotted in a” 
approximate manner on the basis of hmlted 
test data obtaIned at 150’ F 

The smgle varlatxo” from the general 
patter” for me d by the curves 1” Fig 13 1s 
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eyhlblr*d lq the curvp for the Type CLO-30 
pa”? This curve, mstead “t flattenmg at the 
h,gh-temperature end as ,n the case of the 
“the r < LLTYC~. drop\ r.+pldlv between 140’ F 
and 165’ F Although thr plast~ mterlayer 
wxth 30 per cent plast,cu.er content has low 
Imp~ctstrengthatternperaturesabove 13O’F, 
the Type A30 curve shows no correspondmg 
rnp,d lois mstrengthat temperatures as high 
as 150-F 

(f) Although several varlatlons exist between 
rhc test c”nd,t>“ns of the earlier phase of the 
program reported in Part II and those of the 
later p h a s e covered by the present report. 
there appears to be close agreement between 
the results “btamed Inthe two portmns of the 
test program with regard to the shape and 
pas>tmnon the temperature scale of the pene- 
Lratlon \e1ac,ty-temperature curves Com- 
plete cor~par~son cannot be made because of 
the relat,vely small amount of data secured ,n 
the early tests concernmg the effect of tem- 
peratule and plast,c,zer content var,atmns 

The varlatlons in the t e s t condltlons 
uied I” the carl,er ser,es of tests and r, the 
testnow bemg reportedconslstedofdlfferenca 
r, the rethod of attarhmg thermocouples to the 
pane ,n rneasurmg the plastx temperature, 
and rarlatmns ,n frame mountmg rlgldlty, ln 
carcass weight. andsIze “fwmdsh~eldpanels 

In rhe earl,er tests of panes w,th 0 25-m 
thick vmyl plastx mterlayer and 20 per cent 
plast~,zer content, ,t was found that the tem- 
peratue at uhlch max,mum rnpact strength 
uas obra,ned was llO=F, or IO’!? greater 
than the temperatule of 100’ F determmed ,n 
the p r e se nt tests Th,s var,atl”n of 10” F 
between the opr,mum r e m p e r a tu r e values 
determIned from the tu” sets of data can be 
explaIned read,ly by differences in test can- 
d,t>“ns. and probably 1s wirhm expermental 
error 

T he value of ma x, mum penrtrat,“n 
velocity of 215 mph obtamed \c,th the 14-lb 
b,rd carcass ln the earlier tests 1s 140 mph 
less than the value of 355 mph Denetratlon 
Leloclty obtamrd with the 4-lb bird carcass 
in the later tests Th,s dlfferrnce in pene- 
tratlon velocity 1s ,n general accord with the 
relation between mass of carcass and pene- 
tratlon v e 1 o c , t y deiermlned I* the present 
tests of Type A20 pzncs at 0” slope 

Inthe earl~erprogramsome tests were 
carr,ed out with 4-lb chIcken carcasses upon 
panes vnth 0 I25-,n thick vmyl plastic, 

having 20 per cent plastmzer content. at 
plast,ctemperaturesof65°Fand80”F 
The slope of the resultantpenetrat,onveloclty- 
temperature curve 1s approx,mately the 
same as that obtamed for the Type A panes 
shown ,n F,g 13 The penetratmn velocity 
values obta,nedfrom the tests w,th 0 125-m 
plastx mterlayer are h, g h when compared 
to the correspondmg values for 0.188-m 
thlckplastlc mterlayers used ,n the Type A20 
PXES This difference probably 15 assacmted 
w,th v a r I at I o n in the rqqdlty of the frame 
mountmg structure 

Effect of Angle of Slope on Penetration 
Velocity 

The effect of varmt,on of the angle of 
slope of the wIndshIeld pane upon pen&rat,“,, 
velocity. as determmed from imp act tests 
with 4-lb chicken c a r c as s e s and varymg 
vlnylplast,c~nterlayer temperature, 1s shown 
,n Fig 16 The speaflc angles of wlndsh,eld 
slope used ,n thx s e r 1 e e. of tests were 0,. 
45”. and 60”, and the four plastic interlayer 
temperatures at wh,ch tests were conducted 
were 65-F. 80-F, 95”F, and 110°F All 
panes included in this series of tests had 
0 188-m th,ck \myl plastic Interlayer with 
20 per cent plastK,zer content 

In F,g 16 15 s hewn an approxmate 
straqht lme r e 1 at ~“n between thP angle of 
slope and penetration veloc,ty for th,s type 
Dane Varlat,ons from the straqht lme re- 
latlon occur at hqh wmdshleld slopes for the 
two curves representmg the pdnes tested at 
80’ F and 90” F 

The effect of wlndshleld slope upon 
tmpact strength appears to be the greatest 
for the laminated panes at 80°F At this 
temperature and at 0” slope, the penetrat,“n 
velocity 15 245 mph, whereas at 60’ slope It 
15 370 mph Th,s represents approxmnately 
50 per cent ,ncrease ,n the penetration ve- 
loc,ty At all “the r test temperatures the 
correspondq increase was smaller The 
curve for panes w,th vmyl plastic at 95” F 
nearly c ” 1 n c 1 de s w,th the curve for 80’ F 
except for the values obtamed at the hqhest 
slope value 

The vmylplastlc at 11OO F, the highest 
temperature mcluded in th,s series of tests, 
shows a relatively low rate of ,n c r e a s e ,n 
strength WI th ~ncreasmg wmdshleld slope 
With 0” wxndsmeld slope at tha temperature 
the value of penetratmn velaclty 1s 210 mph 
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FLY 16 Effect of Angle of Slope on 
Penetration Velocity of Type 
A20 Panes at Varmus Plastic 
Temperatures 

and at 60” s 1 op e the value 1s 272 mph. or a 
30 per cent mcrease The relatlvelylow 
strength at 60’s lope for the pane at 110-F 
apparently 1s due to the recognized character 
of the softer plastic wherem the fallure 1s 
assocmted w,th packetmg effect of the pro- 
Ject& m the plastic and 1s relatively mde- 
pendent of the angle of slope 

In the case of the vinyl plastic mam- 
tamed at 65” F, the rate of mcrease m pt‘ne- 
tratmnveloclty wthmcreasmg angle of slope 
1s slightly lower than that for the plastx at 

110- F At 0” slope the value of penetratmn 
velocity 1s 155 mph and at 60” F slope It 1s 
185 mph, which represents an mcrease of 
19 per cent m the wnpact strength measured 
,n terms of caz-cass velocity At thx tem- 
perature the plastic behaves as a relatively 
brittle material, and at high angles of slope 
the brittle plastxc appears to be only slightly 
stronger than at 0” slope 

In Part II of the general report It was 
stated that the penetration velocity IS maxi- 
mum for unpact at the center of the panel, a 
mmmumfor Impact close to the aft edge, and 
of mtermedlate value for Impact close to other 
edges It was also stated that the penetration 
velocItyIs relatlvelymdependent of the angle 
of slope of the wmdshxld pane when rnpact 
occurs near the aft edge of the pane In such 
cases the carcass tends to be pocketed by the 
plast,c and 15 prevented from slldmg because 
of the adjacent rlgldstructuralfrar member 
These conclusions stlllare consldered valid 

In the present tests the pomt of mnpact 
was always located at the center of the pane 
It was noted, however, that at a 60’ angle of 
slope the carcass slid r e a r w? r d from the 
center of the pane, and, at high velocltzes 
where the chlcken carcass was pocketed ,n 
the plastic. the plastic was crushed zgamst 
the rear vertical post supportmg the wmd- 
shield frame, with resultant fallure The 
true valup 0 f penetration velocity for panes 
at 60” slope and at temperatures from 80” F 
to 110” F was made dlfflcult to determme be- 
cause of this factor 

Effect of Mass of Carcass on 
Penetration Velocity 

The effect of varlatlon of the mass of 
the bird c a r c as s upon the penetration ve- 
loctty of lammated panes 1s shown m Fig 17 
The tests were made with chxken carcasses 
welghlng 1, 2, 4, and 8Ib Glass-p1ast1c 
laminated panes wzth 0 188-m thick vmyl 
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F,g 17 Effect of Mass of Carcass on 
Penetration Veloc,ty of Type A20 
Panes 

plastxc Interlayer. and havmg a plastlclzer 
ronlent of 20 per cent, were used A plast,c 
temperature of 95” F. and a wmdsh,eld slope 
of O”, were mamtamed III these tests 

It 1s shown ,n Fig 17 that each doublmg 
of the mass of the carcass proJect,le results 
ma decrease ,n the penetrat,on velocity value 
of about 70 mph The penetratmn velocity 
for the l-lb carcass was 375 mph, or 210 
mph greater than the value of 165 mph ob- 
tanned w,th the 8-lb carcass The value of 
penetratlonvelocltyfor the Z-lb carcass was 
307 mph, and for the 4-lb car c a s s It was 
240 mph 

From these results ,t appears that the 
value of p e n e t r at I on veloc,ty m,ght be a 
functxon of the circumference of the carcass 
projectxle a5 well as Its ma55 A mathe- 
matxcal expressIon for the curve shown ,n 
F,g 17 can be derxved from the assumpt,on 
that the circumference of the carcass pro- 

Jectlle var,es as the cube root of the mass, 
and that iallure 1s. determmed by the amount 
of Impact energy transmItted ac r o 5 i .?dch 
umt length of the clrcumierence Th,s ex- 
press,an can be stated as 

wv3 = 51 o x 106 

where 

W = we,ght of carcass ,n pounds 
V = velocity of carcass m mph 

The curve obtalned from the above 
erpresslon, as shown ,n Fig 17 agrees 
reasonably well with the expernnental data, 
the c lo s e s t agreement bemg w,th the data 
determmed by tests w,th the 1. 2. and 4 lb 
bird carcasses The penetration v e 1 o c it y 
test value obtamed w,th the 8-lb carcass 1s 
consIdered p r oh a b 1 y to be slightly low be- 
cause of fatlure due to shearmg of the plastic 
along the edge of the metal Insert The 8-lb 
projectile was relatively large and ,rregular 
XI shape, and tended to 5 t r 1 k e close to the 
edge of the pane 

A wmdshleld pane desIgned for Impact 
with an 8-lb bird, on the basis of the curve 
ln F,g 17, wouldhave a penetration veloc,ty 
about 42 per cent g r e ate r than that needed 
for a 4-lb b,rd carcass In hke manner, a 
wmdsh,eld des,gned for a 4-lb b,rd would 
have a penetration veloc,ty about 28 per cent 
greater than that needed for a 2-lb b,rd 

As wmdshlelds ,n p r e s e n t scheduled 
al=-carrier alrcrait are reqmred to res,st 
penetratton of a 4-lb b,rd at des,gn cru,s,ng 
speed, ,t ,S ev,dent that penerratmn with an 
8-lb bird would occur at a velocity about 23 
per cent lo we r ,n value However. a l-lb 
bird. which probably IS more representat,ve 
of an appreciable porr,an of bards struck I* 
ilIght, would r e q u I r e about a 54 per cent 
greater velacxty than the 4-lb bird to ob- 
tam penetration 

The e f f e c t of varlat,on of w,ndsh,eld 
slope and pane temperature upon the re- 
latlonsh,p betweenmass of carcass and wmd- 
sh,eld penetration veloc,ty has not been de- 
termmed It may be assumed that changes 
,n these var,ables would produce some modi- 
f,cat,on III the establ,shed relatlonshlps 
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Effect of Metal Insert Thtckness Upon the 
Type of Fa,lure Occurrmg ,n the Plastic 
Interlayer 

Durmg the p r e s en t tests It was de- 
te r mine d that the conclusmns and recom- 
mendat,ons developed 11, Part II concernmg 
the rat,o ofthe metal Insert thxkness to that 
of the plastx L n t e r 1 aye r requred further 
study In the earl,er tests, which were 
carr,ed out up on a Innted scale Insofar as 
plastx temperature effects were concerned, 
,t was concluded that the insert thickness 
should be one-smth to one-fourth of the 
plast,c mterlayer thickness where the mter- 
laye r thickness was 0 lSB-m or less It 
was concluded at that tune that metal Insert 
th,ckness of such magmtude was suffxlently 
great to prevent shearmg of the metal at the 
bolt holes ,n the edge of the pane. and s,- 
mu1taneous1y. was suff,cmItly small to pro- 
vlde flexlbtllty for mmnn,zmg shear of the 
plastx tn t e r 1 aye r at the ,nner edge of the 
,nsert On the basis of the general experience 

gamed at that tune, the 0 040-m 24S-T in- 
sertwas cons,deredsatmfactory for the Type 
A2Opanes. w,th 0 lSS-m plastic Interlayer, 
as used in the present tests 

In the test results shown in Fig 6 the 
fa,lures occurrmg for Type A20 panes at 70’ F 
and SO” F were of the type where the plastic 
sheared along the ,nner edge of the metal II-I- 
sert At temperatures above 80’ F and below 
70” Fthls type offallure occurred only tw,ce, 
once at 95’ F and once at 50” F 

In order to study the effect of Insert 
th,ckness on th,s type of failure where the 
plastic sheared along the edge of the Insert. 
exper,mental panes with 0 032-m and 
0 025-m. 24S-T alummum inserts were XI- 
eluded m the Impact tests of Type A20 panes 
w,thplast,c temperatures of 70” F and 80’ F 
The r e s ul t s of tests upon these panes are 
shown ,n FLY 18 It can be s e en from the 
data presented ,n Fig 18 that the panes with 
the 0 025-m and 0 032-m Insert falled by 
direct penetratmn of the plastic. rather than 

Iiiiiiiiiii1iiiii1iiiitiittWtWWWWiiiiitiiii 40 50 60 70 so 90 100 110 120 I?,0 140 150 160 

Fig. 18 Effect of Varymg Metal Insert Thickness m Type A20 Panes on Incidence of 
Fatlures Where Vmyl Plastic Sheared Along Inner Edge of Insert 



2a 

by shearmg of the plastic at the edge of the 
metal msert It may be concluded that a 
metal ,nsert of 0 032-m thickness, about 
one-sxth of the plastic mterlayer thickness, 
1s an approximate optunum value where the 
plastic thickness 1s 0 188-m and the plas- 
tlclzer content 15 20 per cent 

No study of the metal Insert thickness 
problem was made for the panes other than 
Type A20 Types Al5 and A30 panes show, 
m Fogs 3 and 10. edge shear failures oc- 
currmg at the p 1 as t I c temperature where 
ma~xrum strength 1s obtamed and at tem- 
peratures slightly below the peak portIon of 
the curve Thx 1s also true for Type B20 
pane and to a lesser degree for Type CZO-30 

It may be generally concluded from the 
results of tests with Type A20 panes that with 
plastx mterlayer thickness of 0 188-m or 
less the Insert thickness should not be more 
than the 1 owe s t value recommended m the 
conclusmns presentedm Part II, or not more 
than one-sxthof the plastx thxkness SlITI- 
~larly, where the prevmus recommendatmn 
for Insert thickness m plastic mterlayers of 
0 25-m or greater was stated as bemg one- 
fifth to one-th,rd of the plastic tluckness. It 
now 1s beheved desirable that the lower lmnt 
of one-fifth be used 

CONCLUSIONS 

1 Resistance topenetratlmbyblrdcarcasses 
of lammated w 1 n d s h 1 e 1 d panes with thick 
polyvmyl but y r a 1 plastx mterlayer 1s de- 
pendent prmclpally upon the Impact strength 
of the plastic With a given pane. under 
normal flight operatmg condltmns. the tem- 
perature of the p 1 as t 1 c 1s the predommant 
factor mfluencmg xnpact strength 
2 An optimum temperature exists for each 
type pane where the imp act strength has a 
maXImum value This optunum temperature 
depends upon the plastlclzer content of the 
polyvmyl butyral plast,c Interlayer. and, to 
a secondarydegree. upon thethlckness of the 
Interlayer 
3 Lammated panes w,th a polyvmyl butyral 
Interlayer of 0 188-m th,ckness show maxi- 
mum impacts trength at 100” F with 15 per cent 
plastlcuer content, at 90” F with 20 per cent 
plast,clzer content, and at 45” F with 30 per 
cent plastxlzer content 
4 Lammated panes with a polyvmyl butyral 
plastvz Interlayer thickness of 0 25-m and 

w,th 20 per cent p 1 a s tl c 1 ze r content show 
ma~unum unpact strength at 100” F Double 
lammated panes with two separate 0 125-m 
thick Interlayers. one mterlayer w,th 20 per 
cent and the other w,th30 per cent plast,clzer 
content. show maxunum xnpact strength at 
65” F 
5 The ma~lmum p e n e t r a t 1 on velocity at 
optmum temperature of lammated panes xvlth 
plast,c mterlayer thickness of 0 188-m , with 
plast,clzer content varymg from 15 to 30 per 
cent, 1s 315 mph +I5 mph In these tests. a 
4-lb bud carcass weight was used, and the 
wmdshvzld slope was 45” 
6 With all 1 a ml n a t e d panes of the types 
tested, as the temperature 1s decreased to 
values lower than the temperature at wvh,ch 
rna~xnum 1 m p a c t strength occurs, a rapid 
decrease Inlmpactstrength,sobserved wh,ch 
1s assoclatedwlthincreaslng brittleness of the 
plastic mterlayer As the temperature 1s m- 
creased to values greater than the optxnum 
temperature. a decrease m Impact strength 
also 1 s observed, associated with softenmg 
of the plastic mterlayer I 

7 The width of the temperature range over 
whxh a pane mamtams a large portmn of Its 
maxunun 1 mp a c t strength 1s considered to 
be an Important characterlstlc of the pane 
Panes with a polyvmyl butyral plastvz mter- 
layer of 0 188-m tluckness and with 15, 20, 
or 30 per cent plastlclzer content mamtam 
70 per cent or more of the maxunum pene- 
tratmn velocity over a temperature range of 
about 50” F 
8 Panes wlthpolyvmyl butyralplastlc mter- 
layer th,ckness of 0 25-m and 20 per cent 
plastlclzer c ont e n t , tested at 45’ angle of 
slope with a 4-lb bird carcass. have a peak 
penetration velocity v a 1 u e of 355 mph at an 
optxnum temperature of 100’ F. and mam- 
tam 70 per cent or more of the maximum 
penetrat,on velocity over a temperature 
range of 85” F 

9 Double lammated panes with two polyvmyl 
butyral plastic Interlayers of 0 125-m 
ttnckness and with 20 and 30 per cent plas- 
t,cuer content, respectively, t e s ted at 45’ 
angle of slope with 4-lb bird carcass. have 
a peak penetration velocity value of 295 mph 
at anaptunumtemperature of 65-F. and 
maIntam 70per cent or more of the maxmum 
penetration velocity over a t e mp e rat u r e 
range of 90’ F 
10 Panes with plastic mterlayer thrckness 
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of 0 25-m , and double laminated panes 
with different plabtlclzer content m the dti- 
ferent plasttc mterlayfrs appear to offer 
an advantage mprovldmg hzgh Impact strength 
over a relatively wld e temperature range 
This advantage becomes mcreasmgly greater 
m cases where httle or no heat 1s apphed to 
the wmdshleld. or where wmdshleld heatmg 
and control methods permit large temperature 
varlatmn 
11 TheImpact strengthof lammated panes, 
measured in terms of penetratmn velocity, 
mcreases m approximately 11 n e a r manner 
with Increase I” an g 1 e of wmdshleld slope 
The rate of mcrease of penetratmn velocity 
with angle of s lope IS dependent upon pane 
temperature, and LS greatest at temperatures 
from 80” F to 95” F At these temperatures 
there 1s a 50 per cent mcrease m penetratmn 
ve lot I ty with a change of pane slope from 
O- to 60” 
12 The penetration ve 1 o c sty of lammated 
panes varxes I nv e r s e 1 y In an exponent14 
manner with the mass of the bird carcass 

I 

proJectlle This relatIonshIp can be ex- 
pressed as WV3 = 51 Ox 106, where W 1s 
the weight of the carcass m pounds and V 1s 
the penetratmn velocity m ml 1 e s per hour 
This relatmnshlp was determmed for panes 
wlthplastlc mterlayer thickness of 0 188-m , 
plastic temperature of 95” F, pane slope 
angle of 0’. and with the weight of the bird 
carcass varymg from l-lb to S-lb 
13 The thickness of the metal Insert m the 
extended plastic e d g e of the lammated pane 
IS crItIca with regard to occurrence of pane 
failure by shearmg of the plastic mterlayer 
along the Inner edge of the metal msert This 
effect IS most pronounced at the temperature 
where maxunum strength 1s obtamed, and at 
temperatures slightly less than this optimum 
temperature It was found that shearmg 
f a 11 u r e of this type could be ellmmated m 
panes with 0 188-m plastic Interlayer thick- 
ness by use of a metal msert not greater m 
thickness than one-sxth of that of the plastic 
mterlayer 


