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ABSTRACT

Perforation data for ateal fragments impacting on each of ssven non-
watallic materials have bean collected and inalysad. The axparimanral dats
are characterised by compact fragments weighing five o 823 grains, striking
velocities an high as 12,000 fact per second, and obliquities of strike as
high as 70 dogrool; Empirical formulas of a given type hava hc;n él:t.d to
the data for each target material, thereby relating fragment rasidual velea*
ity and restdual weight, in ssparate aquations, to important impast param=
aters,

The two sets of foixulea, used joinily, serve as a bdasis for saversl
axtensions or applications such a8 1) a comparison, for aqual weighe of
cargat per unit area, of the resistance of targat matarials to perforation,
2) a calibration of the resistance of a target material to perforation in
tarma of the maximum thickness of a standard medium that the rasidual frag-
ment can parforate, and 3) a datermination of the effect of an ‘ntermedi-
ate barrier on the potential of a fragment to damags a primary target bayond

the barrier.
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INTRODUCTION

for aseveral years, this laboratory has been participating in !
ptnarams sponsored by the Weapon Systoms Labovatory, Ballistic Research
Laboratories (BRL), to supply information for vulnerability analysts and
weapon dasignars on the resistance of various materials to perforation by
steal fragments and projectiles. All of thess materiala have military
significance but do not nnacessarily constitute primery targets. Thess
saterials are reprosentative of those used for body-armoring, transparencies,
and special functions, Thair use may ba justifi{ed because they have some
proparty or propertiss nscassary or deslrable for a given function or
structural purpess. For example, bullet-renistant glass is a standard
windshield material in afroraft; aireraft sanopies are often made of Plaxi-~
glas, as cast or stretched; a packagad parachute contains a large nueber of
folds of nylon cloth. Thasa materials aight offer considerable resistance to
an impacting fragment. A vulnerability snalyst must contend with the prodlem
of detarmining the extent of protection afforded by these matarials in situ
aven though the primary Lunction of thess materials may not be onc of armor-
ing.

A subscancial amount of investigation is beiug made to devise
light-veight srmoring mater’als which offer more protection, - to perconnel,
for eampla, Several composites (combinations of two or more matarials) as }
wall as antirely new materials are baing examined. Por comparing the resist-
ance of light~-weight materials to perforation by fragments, it becomes [
necessary to establish a firm measure of the realstance of cartain basic
materials to perforation. This report should help ¢to meet this 1.ed while

suggesting a rational method for a comparison of materials in this particular
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Sevaral reports have been published by this laburatory dealing with
the realstanse of materiala to pacforation by f£ragmenta and projectiles,

The derignatione and titles of these reports are outlined in Table I. A
recent report, Technical Report No, 47, is similar in scope and format to the
present one, but deals with a sample of ten metallic materials whilae the
presant raport evaluates the resistance to perforation of seven non-metallic
matariale.

The bulk of the experimental data required to furnish information
on the resistance of thesa materials to parforation has baen provided by BRL.
Data from other sources such as a) Army Chendoal Center, Edgawaod, Md., b)
Watartown Arsenal Laloratories, Watertown, Mass., c) Development and Proof
Bervices, Aberdeen Proving Ground, Md,, and d) Midwest Research Institute,
Kansas City, Miasouri have aupplemented the bayic nample; together, these
data make this study possible.

A listing of tha sxperimental data is given in Appendix 1. Whereas
morn than one aet of homolngous steal fragmants was used {n the experimencal
work, all of these fragments can properly be classified as compact and
reasonably alike in shape. ine shapes of these fragments can be described
simply as cylinders, cube-on-cylinders, or near-cylinders.

Studies in the realm of fragment and projactile impact are continu.
ing at this Laboratory. The resistance to perforation of composite matarials,
spaced materials, and new materials i{s being examined. The relationship of
hole size in the target to Lmpact paramcters is raceiving some attent! n as
well as the weight, velocity, and spatial distributiuns and the number of

patlicles formed from an impact. The influence of certain projectile
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parameters on the performance of the projectile is being investigated. Im-
pact dacta for bullets, fleclettes, and other projectiles are being collected
for study. In this respect, reference is made to a current Ballistic
Research laboratories Memorandum Roport entitled "An Empirical Mathod for
Pradicting Target Penotration and Resi{dual Velocity for Small Bullets (U)",
An important conclusion from this memorandum suggents that whenaver the
projectile remains essentielly intact after impact, its performance seems to
be directly related to the weight and the presented area of the entira pro-
Jeuctila.

The objectivas of this report are: 1) the consolidation, reviaion,
and extension of informatinn pertaining to perforation of seven non-metallic
matarizls by sceal fragments, 2) the development of ampirical equations
permitting astimates of the residual weight and velocity associated with the
largest portion of steel fragment that perforates the target material, 3)
the extension of thaosa empirical aquations to provide estimates of minimum
velooities for which perforation is possible, 4) a comparison of the rasist-
ance of non-metallic materiuls to perforation by steel fragments, and 5) the
determination of a measure of the maximum capacity of the renidual fragment
for additional perforation assuming, foitially, the perforation of a none
metallic barriar target with known impact paramaters.

The main tachinique of the work for this report is outlined as
follows:

a, Obtain for each target material a small sample of approximately
fifty data points spanning the impact conditions of interest., These data
points should ineclude a careful recording of all the important parameters

describing the impact condition as well as measuremants describing the rasult,
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b, Fit independent equatlions ¢f a given type to the raw data to

permit initial estimates of residual weight and residual velocity for the
largest portion of fragmant perforating tne target.

¢. By comparing actual with caleulated values for residual waighe
and agtual with calculated valuas for residual velocity, determine impast
conditions for which the variation between actual and calculated values is
unduly large.

d, Repeat steps b and o, sfter the rasults of new impant conditions
are included for teating, to provids a firmer basis for reporting,

&, Provide graphical) information which renders the aquations mors
useful, Comdine the information from smpirical equations for several
matoriale onto a aingle ast of grapha for the sake of sompariaon »f targat
matectats, while appropriately absorbing insquitias in comparison dus to
diffarences in deneities of the target materials.

This tachnique finally provides a practical set of formulas for
each material for the prediction of a) minimum velocity for wnich perfora-
tion is possible with given fragment weight and shapa, b) residual veloeity
and weight whean parforation vccurs, and ¢) impact conditions for which the
fragment will shacter completely. These formulas are eapecially useful
vhenaver good predic....s are needed over brnad ranges of impact parameters
rather than whan pin-point accuracy is noceded for a faw specialized sets of
impact conditions. The Iosizulas include the imporcant impact parameters and
ara established with relativaly modest experimental sffort and expense.

The target materials selected for inclusion in this report are
1isted in Table 11 which follows, Table III summarizes the characteristies
of the axperimental data for each rarget material. Table IV provides tha

dimensions and weighus of the fragments used fn the experimantal program,
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b. Pit independent aquations of a given type to the raw data to
permit initial estimatas of residual weighc and raesidual velocity for the
largeat portion of fragment perforating Lhe target.

¢. By comparing sctua) with calculated values for rasidual weight
and actual with calculated values for rasidual valogcity, determine impact
tonditions for which the variation botwsen actual and calculated values is
unduly large.

d. Repaat stept b and ¢, after the rasults of new {mpact conditions
ara included for teating, to provide a firmer basis for reporting.

e. lrovide graphisal information whigch rendsrs the aquations more
usaful. Combins the information from empirical squations for saveral
satarials onto a single sat of grapha for tha aake of compariunn of target
materials, while apprcpriately absorbing insquities in comparisun dus to
difforences in densities of the target materials,

This techniqus finally provides a practical set of formulas for
sach materisl for the prediction of a) minimum velocity for which perfora=
tion is possidble with given fragment weight and shape, d) residual valoaity
and weight when perforation occurs, and ¢) impact conditions for which the
fragment will shatter completely., These formulas are especially useful
vhenever good predictions are ntaded over broad ranges of impact parameters
rather than when pin-point accuracy ic needed for a few speclalized sets of
impact conditions. The formulas includa the important impact parameters and
are estahlished with relatively nodest experimental effort and expense.

The target materials selected for inclusion in this report are
1isted in Table II which followas, Table III summarizes the charactaristics
of the experimantal data for each target material. Table IV provides the

dimenaions and weights of the frugments used in the experimental program.
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EMIIRICAL RELATIONSHIPS
Tha resistance of a material to perforation by stael fragments has
baan maasured i many ways. Hers, the assumption is mada that this resist-
ance can ba related to the losses in weight and velocity sustained by the
fragmant during perforation. Accordingly, exparimental data have been
collactad for steal fragments impacting on each material of a variety of
non-matallic carget materials. Those data cases where perforation was

achlaved wara ainglad out for the analysis. Measuremants of both tha

[

residual veloeity and the residual weight were recorded. Thess measurements
refer to the largust pisce of the original fragment whigch parforatas tha
target material,

In Technical Repozr ." ., .. (see Tabla I), & method is describad
for obtaining empirical aquations from yesidual velooity data to relata
residual velocity to important impact parameters. The type of equation
proposed ist

v, = v, - 10° (a)® m, B (see 67 v"“ ,
where Vr is the fragment residual velocity in fps,

V‘ is rhe fragment striking velocity in £ps,

e is the target thickness in inches,

A is the average presented area of the fragment in square inches,

o, is the weight of the original fragment in grains,

@ i3 the angle between tha trajectory of the fragment and the

normal to the targec material, and

¢, 0, B, 7, M are constants determlinud separstaly for each mararial.

The derived values of the constants specifying the estimating
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squation for fragment residual velocity for each material are tabulated in
Tables V and VI of ths Results Sectinn.

The oxponeniial form of this aquation is simple, yet it includes
the important impact paramecers., The form has Llw additional merit of being
convertible into a corresponding logarithmic form which is useful because of
its linearity.

Yor a comparison of the resistances of targut materials to perfora-
tion by fragments, it has been found useful to replave a, the thickness
paramater, by another variable, £, in the estimating aquation. The new
variable refers to the areal density of the carget material and 43 maasured
in pounds per square foot (essa Pigure 1), It is cbtainad by sultiplying the
targat thickness in feet by the density of the target meterial in pounds per
cubic foot. By altaring the formulas so that the thickness parametar is
replaced by tha areal density parameter, it becomes possible to compara the
rasistances of targat saterials to perforation on the basis of aqual weight
of targat per uuit area., PFor such a comparison, refer to the smction
entitled "Measuring the Maximum Capacity of the Residual Pragment for
Perforation”.

The criterion for goodness of fit of the estimating equation is
the magnitude of o defined belov. 1f |AV_|, 1is the magnitude of the error
made in estimating tha fragment residual velocity in the {-th set of N sats
of experimental conditions, then

L 2
) lav, 1,
ol oA=L :
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It is understood that the selection of fit for each targec matarial
is made to correspond with the lowest obtainable value of 0. Tha valus of ¢
for each residual velocity estimating aquation is given in Tabla V of the Lot
Results Ssction.

In ordsr to obtain an empirical formula for estimating r-sidual
valocity for stasl fragments impacting on each target material, the basic
formula is converted into the associated common logarithmic form:

m(v. - V') = ¢ + 0 log(er) + B log n + 7y log sec O + )\ log v. .

With this linesar form, the method of least aquarss is employsd to detersing a

satisfactory sat of valuas for ¢, Q, B, 7, A, Adaittedly, this procedurs min- ,

imises 8, dafinad below, rather than o, whers '
N 2

Z [lo;(AV)‘ - loI(A_V)‘ ]
82 - 4= ’

“ ' 1

and (av) . is tha fragment loss in velocity as determined from the estimating
equation and @V . is the actual fragment loss in velocity, both numbers
referring to the i~-th axparimeutal set of impact conditions. This method of

calculating the constants has proved to be entirely satisfactory. It is

often possible, by slight alterations of the constants, to improve the f£it
of the estimating equation. Experience has shown, however, that the minor
improvements obtainable do not justify the effort.

Por the type of equation assumed, it is possible to solve for V.
when v!_ is zero, This striking velocity shall be designated Vo. The constants
which define the Vo equation for esvh targat material are specified in Tables
VII and VIII of the Results Section, The significance of vo has been

astablished in previous reports by this laioratory where Vo has been found
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to bu a good analytical approximution to the protection velocity; the latter
is dafined to bae the highest striking velocity below the ballistic limit for
which the probability of perforation is merv, In other words, the v; values
ave estimates of the limiting atriking velogities for which the target always
pravents perforation by tha fragment. A set of graphs featuring V; values
for each targat material is inocluded in Appendix A,

In an analogous manner, an enpirical equation fs developed for each
target material for sstimacing fragment vesidual weight, The form of the
equation fitted to the data for esach target material is

n-n- 10° (.A)a 'e (sec 8)7 Vt .
where the only nev symbol is L the weight in grains of the lsrgest portion
of steel fragment perforating ths target. To accommudate a simtilar least
squares treatmant on tha associatad logarithmic equation, the assumption i
made that the minimum logs in fragment weight is one=tenth of a grain rather
than saro grains, The oriterion of goodness of £it i» c* defined below, 1If
lA'r't 1s the magnituda 3f the arror in estimating the fragment residual

woight in tha {«th set of N sets of axparimental conditions, then

N 2
Y lem
‘ﬂ*’z - Lﬂ.—N——— 4
The values of the constants apscifying the equation for estimating fragment
residual weight for each target material are given in Tables IX and X of the
Rosults Section,
With low striking velocities, the loss in weight of a fragment

during perforation is small and is usually ignored. In such cases, the

residual velocity, alone, servea as a good mcasure of the resistance of the

CONHIDENTIAL
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target to perforation and the capacity of the residual fragment for perforate
ing anothar targst. As the striking velocity inczesses, the break-up of the
fragment bscomes more and mors pronounced until,finally, this aspact of ths
impact has to ba taken into acoount. 1he residual waight of the fragment
aust be deterwined as well as the residual veloaity bafore a proper estimate
of the capscity of the fragmant for pexrforating another target ie possidle,

Tragment reacovery after impact is sccomplishad by the use of a bank
of fiberboard (Maftex) sheats. The rasidual fragment is locatad within this
bank and waighed; the depth of pematration of the particle into the Maftex
is recorded. Mors refined techniques and other recovery materials are in use,
but racovery in Msftax was adopted s the most practical sethod for this
study, The weight of the residusl fragment tegether with the depth of pans-
tration into Maftex suggest a striking veloaity on the Maftex which serves as
& rough check on the residusl velocity resorded for the fragment. Iven this
simple recovary technique 4s tedious and time-consuming, but for the objee=
tives of this report, tha darived information was deemed imporsant enough tio
outwaigh these disadvantages.

In many experimental cases, tha weight of tha largest piece of
residual fragment approximates tha total weight of fragment perforating the
barrier target. At any race, the capacity of a fragment to perforate a
primary targ:t beyond an inirial barrier can be conservatively estimated by
considering only the largest piece of fragment which perforates thes barrier.
This approach is justifind whenaver tha hypothetical primary target is one
for which damage from the impant of small, siow-moving particlas is not
anticipatad, {.e., damage to such a targat will essentially be that caused

by the largest, fastest particle that impacts on it, Examples of auch tough
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primery targets ars the internal components of guided missiles and aircraft.
Thess componzats are often large and difficult to protect, so they contribute
heavily to the vulnarability of tha target complex.

On the other hand, whan a large, hypothatical, primary target is
extremely vulnerable to impact, even from & small, slow fragment, then a
solution based on the largest, fastest fragment 1is helpful but incomplate.

A typical high-speed impact may resvlt in one main fragment pavticle, several
smaller fragamnt pacticles, and, possibly, hundreds of apall particles of
variable sise issuing from tha rear surface of the target, If any one of

many of these parcicles can kill the primary target, then it becomes

AL bt aur wwn oo o

necegsary to account for the total mumber, eises, and valooities of thasa

particles before a proper masure of the demage resulting from the impact of

s dam

the original fragment can be mads.

In the laborstory, it is more practical to keap track of the
largest portion of residual fragment than to resover every portion of
reasidual fragment regardleass of sizn., Ideal information would provide the
weight, speed, and direction of each particle of the original fragment that
successfully perforates ths target matarial as well as tin weight, speed,
and direction of every spall particle.

L I

Sets of graphs for estimating both fragment residual velocity and
residual weight are presentad in Appendix B, The usea of double ordinates in
these graphs requires some explanation. Two sats of thickness contours are
to be found on sach graph of this type. Tha thickness contours drawn with
solid lines refer to the left-hand ordinate; tha dashed contours raefer to

the right-hand ordinate. Thus, for a given graph and a given striking
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velocity, two ratios are found, The contours are shown unly where both
ratios are non-negative. The dotted lines on these graphs suggest the the
associated rosidual velocities apply to a particle oZ insignificant weight
(no wore than one or %wo grains).

No commitment is made on the spall particles which are formed from
tha plats wstarial., Limited observations of spall pattarns reveal wida
sxpevimental fluctuations in the number, sise, and velocity of the spall
particles from ona round to tha next whers tho sama impact conditions are
employad,

The previous remarks smphasise the nesd for using tha empirical
asquacions for residual weight and residual velocity jointly. In this way, it
hecomes apparent whare the reralts are valid, The doubles-ordinate graphs
clearly display the regions of validity, i.s., vhere both " and Vt ars none
negative.

An alternate fors of the estimating equation for predicting frag-

aent residual weight ie:

(1) m o-m = 10‘t o« mf: (sec Y V:' .

The omission of the parameter A, tha average presented area of the
fragment, implies that fragments of a fixed shape are under consideration.

In a manner similar to that used in developing a Vo squation from
the estimating equation for predicting residual velocity, an auxiliary
equation is develaoped for predicting conditions for which the fragment
shatters completely upon impact.

et o = 0 in equation (1). Let the value of L corresponding to

this condition bs called mo. Then

CONFIDENTIAL
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1/(1=8) a/(1-B) y/(2=B) M {1-B)
(2) m o=k a (sec 6) v,

Equation (2) producea estimates of impact conditions for which the
fragment shatters on impact. Por discrate sets of values of e, 8, and V.,
valuen of no ars generated., Each sat of values of L e, 6, and V. satisfy=-
ing equation (2) defines an impact condicion for which the fragment is
expected to disintegrate during the psvfsration of the target. Bafore this
result can be accepted, it must be ascertained that V’ 2 V; corresponding to
the remaining values of ths paramsters a, By and 0,

To illustrate, a graph is provided corresponding to the impact
condition of =, 3", 6 = 60°. with Bullat«Resistant Glass as the target. In
Figure 2, the V, contour for chis condition is shown as wall as the "shatcer
contour”, Thase contours divide tha L V. plane into three regions: 1) no
parforation, 2) perforation with . > 0, and 3) parforation where n 0.
This figure emphasizes the fact that the predictions of impact conditions
for which the fragment will shattar are valid only when target perforation is
anticipated.

Values c¢£ the constants defining ths n equation for each of
several target materials are given in Table XI, With two of ths ssven target
materials, these conatants ars not given since the fragment bresk-up data for
theaa two target materials were inadequate to astablish such equations. PFor
such materials, the higher atriking velocities nacessary to astablish the
values for thase constants could not be achievad with available sxparimental

facilities.
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RESULTS
The empirical formulas developed from the experimental data on each
of the non-metallic targets for the purpose of estimating residual velocity

are of the forms

v, =V, = 10° (en)® m P (see 07 v},

The values of ¢, G, 8, 7, and A are tabulated in Table V for aach
of the non-metallic targets. In addition, tha sample oise N of expsrimental
data and the valus of ¢ are diaplayed.

For fragmants of s given shape, these formulas can be simplified
by removal of the impast parameter A to the forms

v - v. - xo"’ o n.” (sec 0)7 V: s

since for any fragwent shape appronimating that of a regular convex poly=
hedron, the average presented area is nesarly dicectly proportional to the
two=thirds pover of the mass.

Note that whenever a form of the estimating equation ip desired
which omits tha impact paramstsr A, than some assumption has to be mads about
the shape of ths fragments under consideration, When the fragments under
considaration are similar in configuration to those used in the axperimental
work for this report, it can bs assumed that the simplified equations, graphs,
and conclusions based on the master estimating equations are valid, In fact,
extrapolated predictions from these equations for bullets with lead, stesl,
and tungstan carbide cores show good agreement with experimental results.

If the fragments under consideration have large langtih-to-diameter ratios,
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like some flechettes, then these estimating equations may not apply, The
experimental data which have dean used to f£ix the estimating equations involve
compact fragments, {.e., fragments with lengtheto«diamatsr ratics close to
cvnity. The simplified equations for none-compact fragmants would be different
from those used here since some new relationship betwean average impact area
and [regment weight would be appropriate,

The values of c*, a, p*, 7, and ) for the equations associated with
compact fragments are tadbulated in Table VI,

The Vo formilas derived from the empirical residual velocity

formulas are of the form:
c g y
v° = 10 1 (o.A)(:'l " 1 (se0 6) 1 .

Tha values for ey al. al‘ and " for sach target material are
tabulated in Table VIT,
Yor fragments of a given shape, thase formulas can be simplified,

as bafore, to the form:

o a p¥ 4
v°-101 .1 l.l(uaO)l .

Tha values of ct. 01. B{. and 71 for the equations associated with
compact fragments are tabulated in Table VIII,
The empirical formulas devaloped from the expsrimental data for
the purpose of estimating fragment residual weight are of the form:
- 10° (a)® u P 7y >
L 107 (eA) " (sec 8) V. .

The values of c, @, B, 7, and A are tabulated in Table IX for each
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target matsrial, In addition, the sample sise N* of sxperimental data ueed
to obtain the residual weight equation and the associated value of c* are
noted,

For fragments of a given shaps, these formulas can be simplified

by removal of the impact parameter A, as bafors, to the tform:

-y -lo°' ‘a.p* (aec 0)7"&
" s ] s '

The resulting values of c*. Q, 5*. v, and )\ for the equstione

associated with compact fragments ars tabulated in Tadble X.
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The Interaction of V, Estimates with Estimates

of Impact Conditicns for Fragment Shotter
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Table X

Constants for the Estimating Equations for m

(Compact Fragment Shape Assumed)

*
a -10° & -.’ (sec 0)7

*

'L
s

Foru of Equatiom: - -
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Material

Target
Unbonded Nylom*

Bonded Nylon*

§
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Plexiglas as Cast

ﬂﬂﬂﬂﬂﬂﬂ

+

-

Stretched Plexiglas

Doron

3

5n

-6

Bullec-Resistant Glass

a2lw

wvelocities than those now obtainsble in the labora-
the necessary informstion to establish s sstisfactory set of constants

Higher striking

# within the limitations of the experimental data, this material did not cause the steel fragments

to break up considerably upon impazc.
tory would be required to produce

of the . equations for this materisl.
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ADAPTATIONS TO VULNERABILITY ANALYSES

The vulnerability analyst, calculating the cffects of a hypotheti=
cal fragmenting weapon us used against some priwary target, usually relies on
oxparimental evidence from fragments firad singly against facsimile or mock-
up targets. The tarret is considered as an assembly of sats of vital compo~
nents shielded by structural "shell" members or other components, Firings
ars conducted to determine tha level and extent of damage raquired to “dsfeat"
or "kill" aach vital component under various ki1l criteria. These firings
provide the basis for an empirical formula ralating tha conditional probabile
ity of killing aach vital component, givan a hic, to some appropriate fumction
of the weight and velooity of the impacting fragmant.

Assuaing that such a relationship is established, one ctn procesd
with the analysis when the impaat waight and valocity of the fragment ars
known, If the fragment impinges first on wome harrier target, them it is
important to be able to estimate the losses sustained by the fragment in both
weight and velocity during tha parforation of this barrier.

The advent of guided missiles and othar space targots has forced
vulnerability analysts to consider higher and higher impact velocities. With
these higher striking velocities, the fragment tends to break up more and wore
while is 13 perforating the targat. While the significance of fragment
break=up for various specific conditions of impact has been acknowledged for
some tima, thare has hithertn been little quantitative evidence tn account
for this aspect of impact on non=matalliec targats.

The presant study makas it posaibla to account more fully for the

effect of barrier targata, as raprasented by any one of the seven non-metallic
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materials, on ihe original fragment. The appropriate estimating equations

can bs used to provide estimates of the affective fragment residuel weight

and velocity for a hypothetical impact sicuation. The analyst can then

svaluate any suitable Zunction of fragment weight and velocity to determine

tha probability of killing a partisular componant. It is, of course, the

responsidility of the analyst to determine tha funstion of fragment weight

and velogity to be used with each component typa, The funetion that is

chosen will dapand on the type of componant and the eriterion for damage.

Finally, the corrasponding probability of killing or incapacitating the

primary target is obtained, g
In graph Set III of Appendix G, for a fixed combination of L o,

and v.. four difterent funstions of ., and Vv . e platted against target

arcal density. Thase graphs serve to show that the ordering of the uontours

for the target materials varvies with the funotion of " and Vr being used,

Therefore, any comparison of the resistance of target materisls to perfora-

tion, using as a basis some selected funattca of n and vr' 1is weskened by

this ardbitrary selsction, Nevertheless, some particular function of n and

Vr may be entirely appropridte as a measure of the probability of killing a

given component.
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MEASURING THE MAXIMUM CAPACITY OF TUE RESIDUAL FRAGMENT FOR PERFORATION

Establishing aminimum requirements for perforation of these none
wetallic mwaterials 1s needed, but this knowledge 1s hardly useful in estcimate
ing the capacity for adaitional perforstics whon thesa minimum requireasents
are excesdad. A technique for measuring this capacity for additional perfora-
tion will be discussed in this section. This technique was £irst describad
in Tachnical Raport Ne. 47.

Usually, the non-metallic materisls are not themselves pvimary
targetes, 80 their perforation by fragments is of interest mainly in the sanse
of the rasulting changes {n the characteristics of the fragment during per-
foration, The two outstanding characteristics which determine the capacity
of a fragment for perforation are thes weight and velocity of the fragmant.
Thus, it is important to ba able to sstimata the losses in both fragment
weight and velocity during perforation. Whan these factors are properly
satimated, it becomes possible to make a firste=order approximation of tha
maximum capacity of the residual fragment for perforation. With tha advent
of fragment break-up, it becomes necessary to compromiss in this mattsr by
assuming that this capacity can be estimated by considering only the largest
plece of fragment which parforates the target material along with the
associated residual velocity, This compromise still provides a useful
maasure of the capanity of the residual fragment for perforation, sinsce the
largest portion of the residual fragment is the only portion that matters
for ths tough primary target. Thase tough primary targets exist and are of
major conzarn te vulnerability analysts and designers of weapons.

By means of the empirical formulas developed for relating fragment

rasidusl velocity and residual weight te the main imp-ct parameters, one can
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make satisfactory estimates of the values for thass two parameter:. Adamictede
ly, spall (particles of target material) and particles of residual fragment
other than the largest particle issuing from the target materiasl at time of
impact are not considered. Usually, the moet lethal element resulting from
an impact for which there is a psrforation {a the largest particle of
rvesidual fragment. This is the particle which most ragularly penetrates
despast into the recovery target behind the target material in the axperi-
mental work,

The ompirical formulas feature a single exponent for the produat
of targat thickness and average prasented area of the fragment. This, in
effect, suggeste that if certain results are anticipated for a given impast
sondition, than ths samo results should be expected for, say, an impast
situation where the targeat thickness is halved and the fragment shapa is
alcered so that tha average presented area is doubled. As long as the prode
uat of target thickness and fragmant prasented arca remains aonstant, the
same results are sxpected. Thia assumption has been found tenadble at least
for those fragment shapes which are not distantly removed from compact shapes,

Initial efforts to compare the rasistanc: of target materials to
parforation used either fragment rasidusl velocity or residual weight as the
basis for the eo-parlloﬁ. Neither basis {s entirely satisfactory. PYor
example, how does one compare ths relative capacity for parforation of 1) a
small residual fragment with high velocity and 2) a large residual fragment
with low velocity?

For the condition that the original target materials are perforate
ed, & more useful comparison of the 1wsistance of Lhese materials to perfora-

tion can be obtained by examining the capacity of the residual fragment to
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periorsts a calibrating material, The latter may be arbitrarily sslected.

For purposes of calibr-cion, the simplest aspect (normal iwpact)
is axaumad for the impact of the residual fragment on the calidrating materie
al regardlesa of the angle of impact of the fragmant on the barrier target.

Tha lmpact paranetars which determine tha capacity of a atesl frag-
sant for perforation of a given medium includs the fragment welsht, veloeity,
shape, and the angls of obliquity., Ustimates of values for the f£irst Lwo
parameters are provided by the espirical formulas, The shaps of the largest
portion of a reeidual fragment is usually similar to the shape of the original
fragmant whenever ths reaidual fragment is of appreciable sise, There i3 &
tandency for the fragment to bs squashed and thereby rendecad less compaot.

When there is considerable braakeup of the fragment during the par~
foration of the 4initial target material, the residual fragment may have a
shaps other than that which could reasonably be callad compact, In such
cases, the residual fragmant may have an average prasented area (assuming
random orientation) sevaral times that of a compact fragment of the same
weight, It im slso of importance to recognize that, for a non-compact frag-
mant, there 1s a greater interval between the minimum and the maximum ore-
sented arsas than for a compact fragment of tha sama weight, This implies a
greater possible variation {n performance for the non-compact, residual frage
ment sgainet a given primary target,

Furthermore, racovered portions of fragments after impact reveal,
in many cases, a shredded appearance suggesting much lass unity than the
original fragment possesses. Such a particle appears more susceptible to
further break-up on impact with a second targat than a fresh, unfired parti=-

cle of the same waight. This increased susceptibility to break-up no doubt
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resuits in a iower capacity for addicional perfozacion.
The importance of each particle formad from an impact of a fragment
upon some barrier target dapends on the vulnerability of the primary target .
to particle impact., If tha primary target is extremsly sensitive to such
impact, it is important to know huw many particlaes are formed, snd the waight
and velocity of each particle. If tha primary target is one which is not :
l1ikely to be damaged by the impast of small, slow particles, then thess
particles can be ignored.
The presant report deale primarily with tha sharacteristics of the
largest particlie of fragment origin resulting from ispast an & barrier targst.
Prom the point of view of protacting the primery target, if the primery
target can withstand the impact of the largest, fastast-moving particle of
fragment origin, then it is reasonable to assums that the primary target can
withetand the impact of all particles formed from the initial impact. .
A hasis 1is now offered for measuring the maximum capacity of tha
largest pavticle of residual fragment for perforation of a sscond medium.
The maximum thickness of this medium which can possibly be perforated hy the
largest portion of residual fragment striking the calibrating medium at
normal impact will be used as the measure., To arrive at this measurs,
astimates of the fragment residual weight snd velocity are rsquirad. To favor
the performance of this residual fragment, it will be assumed that this pare
ticle has the same capacity for perforation as a fresh, unfired fragment of
the sams weight,
fats of graphs, relating maximum thickness of cslibrating saterial
that can possibly be perforated to areal denaity of the non-matallic cargat

mataerials for each of twenty-seven combinations of fragment weight, veieccity, .
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and angle of obliquicy are displayed 1 Appendis D. Aa alumdnua alloy,
2024T=-3, has been selected as a calibrating matorial since much eaperimantal
work in ballistic impact has been performed on this well-known structural
material.

To Appendix E, a similar set of graphs is presented using Maftex
as tha calidbrating material. Technical Raport No. 50 (see Table 1) provides
a comprahensive traatmant of the resistance of Maftex to penetration by frage
mants of any one of several materials,

Under tha assumptions which have been clearly stated, it is a
simple matter to use these graphs to compare the rssistance of the non-
meeallic materials to perforation hy ataal fragmants. Vor a given value of
areal denatty, the “best" tacget material is that one for which the least
thicknasas of calihracing madium is needed to stop tha vasidual fragment.

If tha changa {n shape of the ranidual fragment and tha veakenad
condition are taken into aacnunt, lowor estimates of maximum thicknesses of
the calibrating medium will result, For purposes of coumparison of the
rasistance of the i{nitial target materials to perforation, this would not be
necassary. The proposed technique does tend to over-estimate this maxfmum
thicknass. Certainly L{f the distortion, changa in shapa, and weakened
condition of the residual fragment are taken into account, some lessar thicke
ness of calibrating material will be found to be equally adequats in stopping
tha residual fragment.

On each graph in Appendices D and E, each of the non-metallic target
macerials f{s represented by a saparate contour. One might ask, how do these
non-metallic target materials compare with metallic materisls in this matter?

In anticipation of this question, an appropriate contour for 2024T=3 Aluminum
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Alloy has been properly inserted on each of these graphs.

Taken tugather, Tachnical Report Ne. 47 and the prasent raport
nrrovide the basis for a broad comparison of the rasistance of various materi-
als to perfsration by steel fragments. The saparation of materisals inco two
categories, metallic and non-metallic, represants an arbitrary method of
classifying materials. Insofar as resistance to perforation is concerned, it
appears that some non-metallic materials show to advantags, for certain ime
pact situations, over matallic saterials normally ennsiderad as armor, There
are, understandably, many other fastors to consider in tha salection of a

material for soms particular funation,
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CONCLUSIONS

1. Fragment shatter (complate disintegration) upon impact on non=
aatallic targats is not likely unless the impact condition is an extreme one,
6.8., thick target, high obliquity, small fragment, and scriking veloaity in
sxcsss of 8000 fpa,

2, TFragwent break-up {s not as critical a considaration for inter-
madiate siriking velocities with non=macallic Cargete as with metallle targets.
This baing the case, the fragment rasidual velocity, alone, can serva adequate=
ly as a aricerion in the comparison of the resistance of such target materie
als to ballistic impact.

3. With Bonded and Unbonded Nylom, used {n moderata thicknesses
corraapanding to their military functions, it is virtually impossible to
locate impast conditions which produce sarious fragment brsak-up during the
per foration,

4. PYor remarks concerning the comparative resistance of tha seven
nonematallic target materials, two differant sets of graphs apply.

4', The first set of graphs astimates the thickness of
catibrating medium newdad to stop the fragment which has impacted
on a knwwn terget material with given areal density, With such
graghe, hc "beat" target material is that one for which the lsast
thickneas of calibrating medium is required to stop the rasidual
fragment, Whether the calibrating material is 2024T-3 or Maftex,
the following observations have been made from such graphs:

a) At low velocities (~ 3000 fps), Unbonded Nylon
offers the greatest protection of the non-metallic

target materials, surpassing even the resistanca
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offerad by 2024T-3, & typlcal armoring wmaterisl,

b) At intermediate valocities ( ~ 6000 fps), a sur~
prising festure is that all the materials considered
offer asmentialiy the same rasistance to perforatiun.
¢) At high velocities ( ~ 9000 fps) and for small
fragments, Doron and Bullet-Resistant Glass sesm to
show some superiority over the other non-metallic
target materials, As the fragmeant size increasss,
this superiority tends to vanish,

d) At low velocity the resistance of Stratched Plexi-
glas §p similar to that of Plextigles as CABL} iwwever,
with increasing fragment velocity, Stretched Plexiglas
shows to increasing advantage over Plexiglas, as cast.
s) Whereas Undonded Nylon offers more resistance te
parforation than Bonded Nylon at low velocities, the
reverss is true at high velocities.

£) Among the transparencies, Bullet=Resistant Glass
appsars to offer the most resistance, in general,

8) For certain Lfapact conditions, 2024T=3 Aluminum
Alloy, a typical metallic target material, appesrs teo
offer less resistance than one or another of the non-
metallic materials. In fact, only at high velocity
and low obliquity, is it demonstrated that the
aluminum alloy shows a clear advantage over the none

matallic target materials.
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4", The second set of graphs relates Vo to areal dansity of

tavget. Again, s contour for 20247-3 Aluminum Alley has been in-
serted on each such graph to compare the non-metallic target materi-
als with a representative metal, On the basis of the poaitions of
the contours on these graphs, the followlag conclusions may be drawm:
a) Por impact conditions with low areal density of
target (< 3 l.bl!tz). Unbonded Nylon and Doron offer
generally the most resistance to perforation; their
resistance is comparable to that of 2024T-3 Aluminum
Alloy for such conditions.
b) Por impact conditions with high aceal density of
terget (8-15 lblf:z). thare ia 1ittls avidance to
guida the selaction of an outstanding targat mataerial.
This would suggest, that for such a range of areal
density, ths target matarial selected for a given
function would be salected on tha basis of other con-
siderations, rathar than resistance to parforation.
e¢) Plexiglas, as cast, exhibits somawhat more resist-
ance than Streteched Plexiglas for impact conditions
witk lovw araal dsnsity of target; as the areal
dansity increases, this slight superiority disappears.
d) Bonded Nylon offers a slight advantage in resist-
ance over Unbonded Nylon at impact conditions of high
areal density; otherwise, the Unbonded Nylon is def-
initely superior.,
8) GCanerally, lLexan offers the least resistance o

perforation of all the materials testod.
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Appendix A

Graph Set 1 Vo ve m for Selected Valuss of ¢

Figs. 3-23

Note: Vo {s the value of scriking veloeity, V.. obtained from the empirical
formulas by setting the residual velocity, vr. squal to zero. The signifi-
cance of the Yo values has baon sstablished in previous reports by this
labogzatory where V° has been found to ba a good analytical approximation to
the protection velocity; the lattsr is defined to ha the highest striking
velocity below the Lallistic limit for which the probability of perforation
is zerv. In other words, the Vo values are estimates of tha limiting
striking velocities for which the taxget always prevents perforation by the

fragment .

Dashed contours in this set represent thicknesses of target material
exceeding those used in the BRL experimental work for that target matertal.
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Vo vs Fragment Weight for
Selected Target Thicknesses
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Vo vs Fragment Weight for
Selected Target Thicknesses
Obliquity: 60° Fragment :
Torget Moterial: Plexiglas, os Cost Shope : Compact

Materiol: Steel
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Vo vs Fragment Weight for
Selected Target Thicknesses
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Vo vs Fragment Weight for
Selected Target Thicknesses
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Vo vs Fragment Weight for
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Vo vs Fragment Weight for
Selected Tcrget Thicknesses
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Vo vs Fragment Weight for
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Ve vs Fragment Weight for
Selected Target Thicknesses
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Appendix B

v "
Graph 8Set TI: vl and ;‘ ve v. for Selected Values of L and 6
s ]

Figs. 24-86

Note: The use of doubla ordinates in these graphs requires some explana-
tion. Two sets of thickness contours are to be found on each graph of
this type. The thicknass contours drawn with solid )ines refer to the
left-hand ordirace; the dashed contours refer to the right-hand ordinate.
Thus, for a given graph and a given striking velocity, two ratios are
found. The contours are shown only where both ratios are positiva. Thas
dotted lines on these graphs suggest that the associated residual veloci-
ties apply to a particle of insigrnificant weight. These remarks emphasize
the need for using the empirical equations for residual velocity and residual
waight jointly, 1In this way it becomes apparent where Lhe estimates are
valid, i.e., where both estimates are positive.
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LS k6 1
Ele

Target: Unbonded Nyion

o.

Frogment Size: 100 grains

Obliquity -

ness Contowrs Refer to

Das

CONFIDENTIAL

ElE
© v
[a] o

[FAURAYAY

Me .
E Ordinate

|
RN

hed Thick

500 1000 2000 3000 4000 S000 6000 7000 8000

CONFIDENTIAL

v, (tpe)
Fig. 27



CONFIDENTIAL

CONFIDENTIAL

C S T —— — — P
KJouvIpap ”|"..-. O} 13)3y SMONOY) $SIU paysoQ
supd QOO0I :aa5 juawbo
09 :Aunb

uojAy papuoqun s9baog

sassanjolyl 1961D) PAOIBS o} A A s Pud ”»




CONFIDENTIAL

i’

\\

\
m.\
P

\\
SH4V.aV
&

\

e

l\‘l\

————
L

\L\.
o\ 0

AoUINGD HI".....

Of 1}3Yy SMOUOD SSIUNJIY] PIYSOQ]

susid OO0l :3zig uewbhosy

uojhN

sassauyory] jaboy

S04 :Aumbnqo
papuoqun :4abio)
s

PaaEs Joy A sa 5o puo

A

N

CONFIDENTIAL



CONFIDENTIAL

o€ ‘%
(od3) A
00001 0006 OO0 OOOL J009 GDOS OO0 OOOE 0002  OOOI 0OS

uojky papuoqun :jafsn)
sessawyomyy 196101 padaps s A s s puo A

CONFIDENTIAL



CONFIDENTIAL

sassauyoiyl 13DID) PAJIARS IO} A SA ;

CONFIDENTIAL



CONFIDENTIAL

088. 0006 0008 oo0L 0009 0005 000¥ 000t 0002 000t 00S

L 7
AoUW o OF BjIY LMOWOY SN PIYSOY

sumsd QO -dag sadoag
JOL :Aumbuqo
uojiy papuoqun :jabin)

sassawpL 43610L PAIIPS S0y A sh gy puo D

CONFIDENTIAL



CONFIDENTIAL

«73w

sassauly] }abI0)  PaLoIIes

- . — e

S
3JOUIRIO u....c..h Of )9y SMOJUO) SSAUNIW) PIYSOQ

suo Of :ang juewboiy
O :Aumbyqo
wlkN pIpuog :4absn)

w
Iw

104 A 2'......”

CONFIDENTIAL



CONFIDENTIAL

— \\\ A
L5
\\\\A\X.&r \%\\ \
_— /
\1\\\1\\.\\ g j \
— e
st — SR RS .

k
OO oo O} BJIY MOWOD  SSIUNW) PaYsDQ

sund QOf :ag uewbdoiy
09 :Aumbyqo
uolAN papuog :jabunj

sessauomL 436y PaOARS Jop A s G pwo R

CONFIDENTIAL



-75-

gno

>

CONFIDENTIAL

— i |

‘d M
o — a4 ) ]

CONFIDENTIAL

S|
JoUMPIQ um 0} 133y SO0 SSAUNINY| PaIysog

sunld QOf ang juawbosy

L :&pmbyqo

volin pIpuog - abaog
w

sessonyo) 49bio) pajoaes aop A sh oy pup A



CONFIDENTIAL

:
:
:
:
-
g >
:
:
3
g

10
3

T
|
|
x

l

u.
\

\

\

|
.\\\\\\_
\

\

pd
v
\\
\\

NADUIPIQ = OF 23y TMOWOY SIINOWL PIUSDQ
suiuB QOl :dag (wawsboay
O :Kumbuqo
uoghy pIpuog :jafup)

sassauoiyl 196ip)] PpaRRPS 03 A S n......._.. puo ._»u

AV

st y
II\\\\“. - -~ L3
\I. oy ] ‘ﬂ
— | — o

CONFIDENTIAL



CONFIDENTIAL

T
e
o'l 2 _.cll_l —

AP S5 01 Iy SMOWOD  SSIUNINY PIYSDQ

- \

e

0008  000L

(sd)) A

—\

i

‘\

\\ i}

e

Il\ll\l

e

NEND

m

.\

Anuul

sumib QO :azg jawboay

<09 : &Apnby

Q0

ucihN pIpuog :jabiog
sassawpiy] jabioy pajIaRs Igy

‘w
u> SA au puo

CONFIDENTIAL



CONFHDENTIAL

o..—.llllll’.FlLlH

000! 0006 0008 Q0oL 000% 0008 000 000€ 0002e 000t C0S

|
| I \l. 1} 4

oupso .ﬂ.n..l O} 333y SMO0) SSAUNRDIY) PIYsSDg

suosd Q01 :das uawboisl
OL : Kpnbuqo
wojky papuog :jafso)

sassawomlL 49BIOL PADARS 4oy A oo o A

CONFIDENTIAL



TS

Ao B S e B 3 P e g S

CONFIDENTIAL

uw79=

A AN N

]
‘0*
IﬂN

b $
MNOUIPI) o €} I SMOWOD  SSANIYL PIYSOQ

suod 00t 225 Ik uboiy

O :Aunbugo

uwolAN papuog :4abup;
‘w

sassauyomL 43001 PAIIS Jop A W o pun A

20

+0

90

€0

0’

s

CONFIDENTIAL



CONFIDENTIAL

[ =~
| B i \\ ! \ \ \
L |~
| 4
1 \\\
\\\MA;\ “
- R
\\\.\\\\\\\L\\\ \\\J\%_\ \\.
— L~ v T \\l\\é“
- = V4 I N D i

MOOO. 0006 o008 000L 0009 0005 o00r 000t 0002 COo0t 00%

ouPs M 04 5233y SMO O SSAUNDIY) PIYsSoQ

sunid Q0L :-aag juawbosy
o029 :@4Aumbyqo
uolly papuog :jabin)

sassawpL 96a0L PajoRIS Jap A A o PUD .»

CONFIDENTIAL



CONFIDENTIAL

%8. 0006 0008 oooL 0009 0005 000¥ 000 0002 0001 005

{ \; /
zo \\% \\
\
PR e P,
.Ew.o \\!\\;ﬁ\‘\\!‘\r\.ﬁrdn \\
" \\.\\.\1\\\0\%\. /
...o_ > uy | ..mm
N .Lml L

aoup.o .E 0} 52)3y SMOWOD SSIUNIY] PIYSOQ

sunsd O0E :amg Eu....oo.u

<04 :Aunbuq

uothy papuog 2»9..._,

sassaujoiy| 136iD) padIRS o)

Sw
A SA e P

——

CONFIDENTIAL



CONFIDENTIAL

00001 GOO6 0008  OOGL
7 . 71
-M%om \\\ \ \
“ll.-___mw“ z Bt o \
/~.010= j\A \
l\\\\l\ th.—nc \\\\
w0 IR s®
e
— | ¥
* — o~ %0 - “
— ”II — _ \I\\ﬂ%ﬂ.&\
uDUPI) o 01 By SMOWO) SSAUNDIYL PaysDQ
suid Ot :caag uewdol

sassawpil 43010) PIIRS oy A s o pwo R

CONFIDENTIAL



CONFIDENTIAL

mss_ 0006 0008 o00L 0209 0005 000V 000t oooe 000t 005

AOUPI) o OF MJIY SMOWOD SSIMDIYY PIYSDG

suod Qf -ang Juawbosy
D9 : Apmbyqe
uoxe) :iabiog

sessanpIyL 19601 DAV Jop A s o e R

== ||

CONFDENTIAL



CONFIDENTIAL

NI}
A&
S—J§

\
— \\ 2o
A

N Y

CONFIDENTIAL

[

37
7
TS

M’"lll o't
AoUIPIO .ﬂ 0} 2j3y sMmouod SIIUPWY] PIYsog
sumid QOf :eszg Juawboay
0L : Kunbnag
uoxey :bio)

sassawpoL jeBiL PSS o A s oo puo A




CONFIDENTIAL

00QO! 0006 0008 000L 0009 0006 000Y 000t 0002 000 00§

—— e N °Iq
- “ [ Wl'ull

WDUIQ 1 OF MY TTOWOY SIUNONL PIYsOQ
st 001 eng Jwewbolry
O - Aumbuqo
uoxe] :iabiog

SesSIUPWL 100) PAISRS sy A oo puo A

CONFIDENTIAL



CONFIDENTIAL

CONFIDENTIAL



Torget: Lexon

. and % vs V., for Selected Target Thicknesses
Obliquity : 70°

Frogment Size: 100 groins

Dashed Thickness Contours Refer to

Ordinate

my
My

2 -

CONFIDENTIAL

]

e
e

CONFIDENTIAL

%

500 1000 2000 3000 4000 5000 soco 7000 8000 9000 10000
v, (fpe)
rig. 47



CONFIDENTIAL

-28.

8y *5a
(sdp) A
0000t 0006 0008 000L 00089 000S 000y 000¢ 0oD0o2 o001 00¢

O—\ _ ! (o]
Z0 . 20
v
=
»0 &m.lpnﬁ“. \\ \ .
CEE —— “l!lh\\\‘..v)\‘ \ \ Nj 90
e Q .
g0 — = ..ns\o.“ — g0
———— . e} to—.OO
o). s Ol

]
ADLINIQ .m 0} )3y SMOICH SSAUNDW) PpIYysSOQ

suinid 0O :dng juswboiy
0 :Aunbuqo
uoxe :49610)

sassauyoL §90.DL PAARS s0p A s oo pwo R

CONFIDENTIAL



CONFIDENTIAL

«89«

CONFIDENTIAL



V, for Selected Target Thicknesses

Target: Lexon

Obliquity : 70°

My vs
Mg

and

Ve
v

Frogment Size: 300 groins

m
m

" Ordinate

Dashed Thickness Contowrs Refer to

CONFHDENTIAL

9'_1_373 '
o]/ D
/ .

TS
//

/,
A

CONFIDENTIAL

. .
0
S00 000 2000 30vo 4000 3000 6000 7000 8000 9000 10000

v, (fpe)

rig. 50



CONFIDENTIAL

MDUPID o OF Py SMOKOD  SIIUWWY PIYsH]
sumidb O¢ s Juwbcesy
<0 :Apmbyqo
190) 50 ‘soffmeld :iabuo;

sacsauyom| 190D PAIBRS S0} A SA = bue

CONFIDENTIAL



CONFHDENTIAL

CONFIDENTIAL

sessawpuL 1360L PAIRS sop N W s o A




CONFIDENTIAL

€ S
(sds) ‘A

00301 0006 0008 000L 0009 0005 000v 000 0002 000t 005
o — o

20 \ \ 20
LN —1 >

rg \ 0

‘A

‘A

90

80

W
—, —_— —
WDUIPI) - OF PJIY TMOWOD SSIUXINY PaYsDQ
suoud O :aag uawbosy
JOL Aunbuqo
150) S0 ‘sofxeld :jabso)
Sw

sassapoiyL jabio) papAPs 03 A A o puo .W

b Ot

CONFIDENTIAL



CONFIDENTIAL

00001 0006 0008 000L 0009 0005 000y 000t 0002
I
!
w

Q_s,..

/

\

L/

=%
| o
k \\\.\
S e 7 i

/
//
e

\06

[l
\

./ " \(

i

*
oV
MWPA\
®
lﬂ.\#.
/

————
- e R n& y =3 - ze
L l“gl." ”
o1 ¢ =— = — >

AOUIPI) o OF MY SMOWOD SSAWNON] PIYSOQ
sunid Q01 :amg juawbosy
0 :Aumbuqo
§30) 80 ‘sofied :jabsn)

sassauoll J9DuDL PAOIPS 0} A W = Puo

QY\

000k
\ zo
o
|

e.
\ .
t J

o0

CONFIDENTIAL



CONFIDENTIAL

Q we-i‘a'. N

: T
5 § }\§A\/ / x\/

s b\
SRl F’b\)\/ N

s !’VJA \ [\
S HIAENAN
Z““M/ \ N
EJ;' zl\ 3 \\\\
N |\ \\\
e

S 3

CONFIDENTIAL

500 1000 2000 3000 4000 S000 6000 7000 8000 9000 16000
v, (fpe)
rig. SS



CONFIDENTIAL

=56

18

N
)
——

7 -rﬁvr

\-I iol

3

°

—1#
:
:
:

™~
= U =2

T\/VIA ~-€Z0=9®
2010 =8
& &

&~

I~
o i —
b —— e < v\éd
——— o ‘O/
s el S e el
i —— ] —— L[l ———— _
sSw r,,

AUIPBIQ 5 O MY SMOWO) SSAURIWYL PIYSOQ

suoil QI 925 jwewbosy
i+ 7] : Kpnbuqo
150D %0 ‘soibxeyd :4abio)

S3ssauNOY| §90iD) PAYORPS 40 A SA = puo MP

A

CONFIDENTIAL



e P enn MU PP e o -

CONFIDENTIAL

affe

- o he B LW ™ R e
S "8y
ods) A
0000! 000G 0008 000L 0009 0005 000 oooe 0002 000! 00§
o — 0

/

7l

Vi
2/

\ i
L amad =0 I.
M : " = @)
™~ _ &H.Wm. 1 -
ey Al “
2l \”O)\
= ——— b!
T o <
_ [ K\\l\.\\!ﬂ S o)
= e |__ 0Ly
= ———— o

ANIPI) = 0 PaY SMOWO)  sSAUNIWY PaYsOQ

suoild Q0F aag Jwewdniy
DO :Aunbuqo
150D 0 ‘sofxeyy :4atuo)

sassauywyl 19001 PIVAIS oy A W o Puo A

A

20

*0

90

g0

CONFIDENTIAL



CONFIDENTIAL

CONFIDENTIAL



CONFIDENTIAL

ACUIO 3 OF )Y SMOWOD SSIURIL Paysog

susil® GOE cdag jwawboay
<Ol : Kynbnqo
130D 30 ‘soffixeyy  :4abup)

sassoyoyl 430M0L PAAIS Jop A M o puo A

CONFIDENTIAL



CONFIDENTIAL

ods) ‘A
r < -
_*\\\dm“.\ \\ )
\\\
| = A
r -

——— — —

NOUIID = O MRy SMOWO) SSAUNONL POYSOQ
sund O ‘-aag pwwiosy
DO :A&upmbiqo

soibixaig peudiaNS  :jaluog
Sus

sassowpyL 49601 PAOIRS 0§ A W o Ko B

CONFIDENTIAL



CONFIDENTIAL

-Io

.— <
[~ T — =" N
0 I~ s %
T’ . yut//A ~o \
—Vﬁo-o/WWev e B \n\l\\.m«uﬂuw\\x
g0 — _| ] N —~—— "
0l r 1= ——] A

00001 ©0006 O0008 OOOL OOOF ©ODOS ODOF OOOE 0002  OOON OOS

J
/5 \
\

\

UOUINIO o O) POy SMOWO) SSUNML PIYSOQ
Wl O aag wewboly
D9 :&Aumbuqo
soibxalg PG :sabin)
W

sessauonyL 43Bioy PaORRS sop A s o pwo A

CONFIDENTIAL



T .

CONFIDENTIAL



CONFIDENTIAL

|
ADUIPID o OF BJIY SMOWOD TSI PIyseg
soosb QO :9mg juwauwlosg
O >Aumd a0

soibuearg payNayg :jatio:
Sw

sossauyon|l §90IDL PAOPS dop A o b B

CONFIDENTIAL



CONFIDENTIAL

- [
€] €
.

o) A
T \\\ 4
\\\\“.\\\\L‘qu. \\

Ny lTA’aQ.s
NHMIWJF.I g S |
—! 010z —— —— T— et

ADURI) S OF ML SMOWOD SSIUNINYY PaysDQ
suub 001 :amg wawbosy
09 :Aunbuqo
soibixelg payNaySs (gabso)

sessauyomjl §9D0) PaORRS s0p A s oo pwo A

>l

CONFIDENTIAL



V., for Selected Target Thicknesses

Target: Stretched Plexigias
Obliguity: 70"

Ve

Fragment Szze: 100 groins

Dashed Thickness Contows Refer fo % Ordinate

-0 g ———
09

S S
NIIIAT

et ian —e——r s -

CONFIDENTIAL

o @
(31
<

[l 1/

4

!

f/]'

=
e ;’/k’_‘

LIRS

N

o
500 1000 2000 3000 4000 S000 S000 7000 8000 9000 10000

CONFIDENTIAL

® b
o (=]
Py

¥, (frpe)
rig. 6



CONFIDENTIAL

O000t O0O6 ©OO08 O00L OO0 OOOS OO0y OOOE 000Z OOt OOS

al
- T -
_.1 gt — o |
g0
T“W == ml“ llﬁ””. JN.O*
o e —_—
1 X l L)

qDUPI) o OF My SMOWOD SEIMOMY PIYEOQ

soid QOC :9ag Juawboay
O :Lumbygo
soibimelg paYN2S :jaluoy

sessoupolll 1SODL PaOIRS o} A s o o D

>l

CONFIDENTIAL



al
8
§
g
§

CONHDENTML
3
T

CONFIDfNTIAL






109

5dg) A

)

/
99

"{:2.

BONON e
™\

N

w ~0,
f 2 m N
| E :
P4 90 ~
M 4 \\LV/
8 _ NVAA
m g0 H\\\\.\\‘
_
o |

sw
UMY - O MY SMOWOD  SSIULIIY) paysog

sunid Of a5 JRWbDL,
DO Lmbnqo
ugi0Qq :;abs0 J1

sw "

SassapIyl 430M0] PAYOIPS 10§ A A = puo A

——— e moe a,
A e s ——— . .

Iw s>

- e
. e M. ittt . oa,

CONFIDENTIAL



CONFIDENTIAL

*110-

-]
—=
/

N
o

D

p4
o

wf »
g|&

Q
o

3
T T T T

-]

sassanpOiyl 30Dl PYIBPS N0 A A = PUO

WOUM) o OF MjBY SMOWO) AW PIYSOQ

sl Of cang juawbosy
D9 :Aumbuqo
uosoq :afsn}

&-B w

A

CONFIDENTIAL



. e

e L L L,

e iR AREGte 4 Ny s

CONFIDENTIAL

=111«

0000; 0009 0005 000y 000t 0002 oot 00%
0 \ ‘ Y
9 \ \ e
L Ay \ +0
‘w
‘w
g0 90
0‘
o0
&0 : €0
| . R~
N §
o1 | = o1l

MDD o OF WAy SMOWOD SSINIWY PaYsEQ
sumld Ot :ang wewboiy
0L :Kumbuco
wosoQ :jalsoy

sessanpny 4960L papoaes oy A M oo ewo B

CONFIDENTIAL



CONFIDENTIAL

=112«

B m—

$
NOUPI) o OF J33Y SMONOD SN PaysOQ

suosd 001 :ang jJuawboiy
L0 Aumbuqo
uosog :abso)

‘w

sessauyomyy 96y PajodRg sop A o puo R

CONFIDENTIAL



CONFIDENTIAL

elll=

ADUIID o OF Oy SMOWOY SIURINL PIYSOQ
b 00! :ans (wewdosy
09 - Aunbnao
uosoq :abso;

sassanpiy) 19BID) PROIRS JO§ A M o Puo A

A

CONFIDENTIAL



CONFIDENTIAL

CO00! O0O6 3J008 O00L OO0 OOOS OO0 OOOCE OOOZ  OOO O0%

NN /
A 4
PP e \a.\
90 s o
NNy 4
N\\LV&JW\ 4
on C S . —_ _

MOUPI) T O3 Moy SMOWO) SSAUNOWL PAYSE]
sy OO0 sag pmwloiy
HOL :Kibdnqp

uwasoq :bsny
w

sossnpul 1B} PRI J0p A A oy P D

>

CONFIDENTIAL



CONFIDENTIAL

I

ﬁ.u. == oo 0
) /.
v / W \\\\\ \
..ﬂs \\\\\\ \\\ _ ou\ _ \ =
— \\\ t & .
et ||
o = = =
AOUIPID S OF PJIY SMOWOY  SSAUNSIYY PIysoQ

suioid QOC :aag juswboiy

O :KLunbuqo
uoioQq :4abio)

sassapiy] Jsbip) PaJIIPS 40y A A g5 PUO A

)

>l

CONFIDENTIAL



CONFIDENTIAL

=116=

A T

00001 0006 0008 0o00L 0009
ﬂ

9L "%
(sd3) A

/

0005 000>
|

ArAl
X
s
.
G 1=®
- Ol=

— =

\\\\

-

W\@P

/%
N

—

‘o) '
‘Q'A

7
/
“
&
\

p

®
%
\.\

50"
.

—
1
HDUIRIO 4 OF WOy TMOWOD TSININL PIYIOQ
supib OOt :azg uawbo.y
09 :4Aumbuqo
uosoQ :(abup)

sassanpuyl jabioL padaes oy A s oo pue A

CONFIDENTIAL



- R ERLTTIRN T Lt ey e

i A ) et S e by« £

Bt L TSV § SO -

CONFIDENTIAL

®ilte

. ‘
NOUIPIQ g OF S43y SMOOD SSIUNNY PINSDQ
suod O0E :azg Juswsdo.y
0L :Aumbugo
uosoq :4abioj

sassampwiL 4aBioy padaEs sop A M o puo A

CONFIDENTIAL



CONFIDENTIAL

=]18«

O000! 0006 0008 gh 0009 0005 000 000% 0002 (v ]
°K ~J —

/ /r/ ;A \
N.OW/H \ MG.V/V .cﬁ \\\\ \
V\..o uvo/ oy.o N ° o \ \ \

vo |— e < \\
mm. — N /\.ry / ) \\
S0 R — = N < oso%\
w0 f— 1~
L ~ ;/
o ﬂ — /Mr/anlrL

ADUPI) o O BJIY SMOWO) SSIPWL PIYSOQ
sumil Q¢ caag pewbosy
0 :Aunbigg

SSO1O JuDysisay-iayng :iaban)
Sus

sassanponyl 4abin] PAOAPS doj A M o o A

n

CONFIDENTIAL



CONFIDENTIAL

a4 A
00001 0006 0006 00GL g 0005 000" 000t 0002 0001 008
O—‘ 7
20
*0 =
90

AN e

N T
D]
wo f———t— - N,W
| .

o1 L. n— = r

MOUNI) o OF My SM00D  SSIUNDMYY PIYSOQ
supb Og a5 ueusboiy
<09 : Apmbygo
3019 juD)siey - jagng  :jabio)

sessanpuy 9By paeps g A W oo pw R

CONFIDENTIAL



CONFIDENTIAL

=120«

N
o

hd
o

18

®°
(-]

o

©

Q

SRS R vt s B RS memrSren T cmemeer PRSI PITIOR MRS TR R R MR . o

08 ‘%
sd)) A

OROE O0OB OOOL QDO ODOE O0O» OOOE 0002 OO0 00§

N\ ) 50
NS

N /.

o]

e¢0

0

g0

/i/4
-
/I
[~
Jocupsp u..m. 0} Bj3Y SMONO) SSAPIY) PIYSDQ
sumid Q¢ amg uwboay
O1 :Kmbyd
SS0|9 WDIsISey-Brg  :jabuoy
Sws “>

sassauyonjl §3650) PadIPS o) A SA S PuO

A

0’1

s>

CONFIDENTIAL



R TR it

CONFIDENTIAL

fo e L2 ST

CONFIDENTIAL



CONFIDENTIAL

w122

00001 0006 0008 000L 0009 0005 o0o0» 000t 0002 oot 00%

\ zZo
o\0°
/

o

/
v /
.- *0
) \\A // 51 /| o A
I B~ o /h \\
N

g0

Py

..//
——

el o'

:
ADUIPID) o OF MY TMOC) STIPIY) PaYSOQ

suoll Q0| -sag wawdo:y
09 :A&pnbyqp
$S019 JUDiSISA)-INIng :jabi0)

sassowpn) 196y Papoaes oy A s oo P B

CONFIDENTIAL



. R Y e

=123-

CONFIDENTIAL

sdp) A
N N -
N Mo \
zo / - S
N
o} :
wot |
‘w
g0
80 — -
%
| TR
o._r /ﬁ”"

 j
YOUIPID - 01 Iy SMONOY  SSINPWY)  PIYysSEQ

suod Q01 amg juawbosy
O :Kumbuqo
SEOp) JUDSSIE-INmE  teban)

sossaudiyl Jabsng paIPRS 08 A .»nsl.v_.euP

A

CONFIDENTIAL



CONFIDENTIAL

=124=

$
AOUIPIQ = OF B3 TMOWOD  SSIUNDIY PIYSOQ

sup® QOOC :93zs Ruwboiy

DO :&unbuqo

$8019 juDisisay -4ang  :jabioy
Sw u>

sassawpiyl §3bio)l PNIBPS 40} A M 5 PUD ST

CONFIDENTIAL



. LT T e e e

CONFIDENTIAL

125

,t o'l

. ‘
aoUM) o o Bjay TMOWOD SSIUMDW; PIYSDQ

suwid QOC :3ag Juawbdosy
09 :Aunbuqo
88019 unissay-isqing :abioy

SassawpPyL 130w PARIPS 0} A W

L]
w P

A
‘A

CONFIDENTIAL



CONFIDENTIAL

CONFIDENTIAL



CONFIDENTIAL

al2le

Appendix C

Graph Set III: t(mr. Vr) vs B

for a Particular Combination of Mgs 0, V.

Piza. 87-90

Note: Vuithin this set of graphs, a contour for a particular material is
shown only for those values of the absclssa for which m, and vV are bath
non-negative. Furthermore, the contours are not eignificantly extrapolated

beyond the interval of thicknesses of target maturial employed in the basic

BRL experiments.
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f{m,,v,) vs E
for Various Combinations of m,,8,and V,
me* 100 grains © =60 degrees V, * €000 fps
elinches of B.R.Glass)
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""n.uo of Materiol Thichkness Ralotive to a Unit Thickness of O.R,8loss

Fig. &7
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f(m,,v,) vsE
for Various Combinations of m,,9,and V,
m,* 100 groins © =60 degrees V, * 6000 fps
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*Rom of Moteriol Thichnese Relative to o Unlt Thicknese of B.R.Gloss

Fig, 88
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f(m,,v,) vs E
for Various Combinations of m,,6,and V,
m,* 100 grains © =60 degrees V,* 6000 fps
s{inches of B.R.0Gloss)
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*ﬂnlo of Materiol Thichness Ralotive to o Unlt Thickness of B.R Qlese

Fig. 89
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f(m,,v,) vs E
for Various Combinations of m,,©,and V,
m,* 100 grains O * 60 degrees V, * 6000 fps
slinches of B.R.Glaes)
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*Roolo of Materiol Thickness Ralotive to o Unit Thichnese of B.R.Glass

Fig. 90
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Appandix U

Graph 8et IV: @ (inchas of 2024T=3) va K

for Various Combinations of L 6, and v,

rige. 91-117

Note: The ordinats represents an estimate of the maximum thickness of
calibrating material that can posaibly be parforazed by tha largeast portiom
of the residual fragment after tha original fragment has {mpasted inltielly
on one of the given targeta, The assumption ias made that the reaidual
fragment atrikes tho calibrating matarisl at normal impact and that, fure
thermora, the shape of tha originil fragment is retained despite any loss
in weight,

On each graph in this appendix there appears a valua of e,. This
value is an estimale of thy maximum thickness of the calibrating material
that the original fragment can perforate, assuming normal fmpact and no
intermediate barrier,

The contours are limited on these graphs to 3.0" of 2024T-3. This
represents the maximum thickness of this material that has been considared
in BRL single-target firings. In fact, there is no instance to date of a
perforation of 3.0" of 2024T-3 in BRL experimental work with compact fray-
ments,

CONFIDENTIAL ,



CONFIDINTIAL

«134e
€0241.3 V8 E
for Various Combinations of m, ,©,o0nd V,
m,* 30 grains & 30 degrees V, * 3000 fps
s(inches of B.R.Gloes)
016 08 088 0o78 __.i88 _ M2 ? 780  LI17
0.48 e
- .-”\'
- s .l \.
0.40 ! - -« <\.
LS \?
) A
038 S
-~ ~
]
L 0.30 2
g 02°
Durol ~
™
k 1
0.8
0.10 X
\l
0.08 '
e,loar!
) \
S 04 57 10 20 20 70 100 18.0
Etib/#t?)
» *»
Unbonded Nylon —~-——- 3. 31 Stretched Plexiglas ==+ == 201
Bonded Nylon  «::v.rve: 2.66 Dorvi - |23
Lexan 2.06 B. R. Gloss =eemie OO

Cast Plexigios —emem 201

*Roﬂo of Moteriol Thickness Relclive to o Unit Thiekness of B.R.Glass

Fig, 91

CONFIDENTIAL

LI [ S



elinches of 2024T-3)

CONFIDENTIAL

135 .
€z0z247.3 VS E
for Various Combinations of m,,0,and V,

m¢* 100 grains © =0 degrees V, * 3000 fps
olinchus of B.R.Gloss)
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*Roﬂo of Moteriol Thickness Relotive to o Unit Thichness of 8. R, Oless

Fig. 92
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02413 VS E
for Various Combinations of m,,©,and V,
my® 300 grains © =0 degrees V, * 3000 fps
slinches of B.R.Gices)
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Fig., 93
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eZO?.‘O T-3 vs E

for Various Combinations of m,,©,and V,

mys 30 grains © 260 degrees V, *3000 fps
e{inches of B.R.Gloss)
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@0241-3 V8 E
for Various Combinations of m,,9,and V,
me* 100 qroins © * 60 degrees V, * 3000 fp»
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€04y VS E
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€0241.3 VS E
for Various Combinations of m,,©,and V,
me® 30 grains © = 70 degrees V, * 3000 fps
e{inches of B.R.Gloss)
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Ratio of Materiol Thickness Relotive to o Unly Thickness of B.R.Gless

Fig. 97
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€p0241-3 V8 E
for Various Combinations of m,,©,ond V,

my® 100 grains O = 70 degrees V, * 3000 fps
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*Rulo of Maleriol Thickness Ralotive to o Unit Thickness of B.R.Gioss

Fig, 98
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€.0mavy VS E
for Various Combinations of m.,©9,and V,
me* 300 grains € 270 degrees V, £ 3000 fps -
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e20247-3 vs E

for Various Combinations of m,,©,and V,

mg* 30 grains

© 20 degrees V, * 6000 tps
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018 031 085 078 ) 312 546 780 1?7
g ™= -
L — " . \..‘
09) = <
\,.\\\‘
0.30 \ ~ \\“
NGRS
070} N Y
\‘ 1y
T 0.60 \‘\ A
- -5 ., X 0
g AR\
¥ 080 X \-
MINGT
g 040 ~ :
t M' \‘. » \N \.
0.30 e NS
TN,
\. i \\‘.:
0.20 . \\\
040 : g \\\‘
e, */.00" 1 \
%z 04 5.7 10 20 20 76 100 150
E(ip/at)
» »
Unbonded Nylon ———~ 3 3| Stretchad Pleniglas — = =~ 2.0t
Bonded Nylon  ......... 2.68 Doron - e ],23
Lexan 2.06 B.R. Glass —em 1,00
Cast Piexiglas =.—=..- 20!

*Mne of Moteriol Thickness Relative to o Unls Thickness of B.R.CGlass

Fig, 100

CONFIDENTIAL



elinches ¢t 2024T7-3

B Y - = R E e

b Bty Y e

CONFIDENTIAL
3t
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e20241‘-3 vs E
for Various Coinbinations of m,,©,0nd V,
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02413 VS E

T —

«149=

for Various Combinations of m,,9,and V,

m? 30 graing © 2 70 degrees

slinches of B.R.Glass)

V, * 6000 fps
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Cast Plexigios @ -~ —.~ 2.01

*Rono of Materio! Thickness Relative to o Unl! Thickness of B.R,Gloss

Fig. 106
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€024v.3 VS E
for Various Combinations of m,,©,and V,
m s |00 grains © = 70 degreocs V, * 6000 fps
e(inches of B.R.Gluss)
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*Rom of Material Thickness Relative 10 o Unlt Thickness of B.R,Glass
rig. 107
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€2024r.3 V8 E :
for Various Combinations of m,,0,and V, i
me® 300 grains 8 » 70 degreas V, * 6000 fps
slinches of B.R.Glass) !
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*Rnlo of Materiol Thichkness Relotive to 0 Unit Thickness of 8.R.Glass

Fig, 108
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€2n2ar.s VS E
for Various Combinations of m,,©,and V,
me* 30 grains © *0 degrees V, * 9000 fps
s(inches of B8.R.Glase)
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""n-no of Maisriol Thickness Relotive to o Unit Thickaess of 8.R, Gless

Fig. 109
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€s0241.3 VS E
for Various Comblinations of m,,©,and V,

m,* 100 grains 6 =0 degrees V, * 9000 fps

alincnes of B.R.G'ass)

2.28

03 088 078 188 32 848 78 AT
=gy r
YNt

2.00

.78

slinches of 20247-3)
"
[ ¢ ]
]
|

.00 'T

o7 Oural o \“.

] \ ‘

050 \

0.28

e, =247
%z 04 o7 10 20 20 70 100 160
E(ib/1t?)
o »

Unbonded Nylioh — === 3 3| Stretched Piexiglo == == 2.0l
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Cast Plexiglas  — . ~.= 2.0l

*Rulo ot Maoterial Thickness Relotive t0 o Unit Thickness of B.R,0lass

Fig. 110

CONFIDENTIAL

U il el

ehon i AR Rl e



CONFIDENTIAL
«184=
e20241h3 vs E
for Various Combinations of m, ,©,and V,
m,* 300 grains © « 0 degrees V, * 9000 fps
olinches of B.R.Glass)
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Rotlo of Materio! Thicknass Ralative to a Unit Thickness of @.R, Gless

Pig. 111
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CONHDENTIAL

e2024T-3

«}i55«
vs E

for Various Combinations of m,,0,and V,

me* 30 grains O =60 degrees V, * 9000 fps
o(inchas of B.R.Glass)
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*Raﬂo of Maoteriol Thichness Relotive to a Unit Thickness of B.R. OGlose

Fig. 112
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€0241.3 V8 E
for Various Combinations of m,,©,and V,
m,* 100 groins © = 60 degrees V, * 9000 fps
slinches of B.R.Gloes)
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*Rnlo of Mateariol Thickness Relotive to a Unit Thickness of B.R,Gloss

Pig. 113

CONFIDENTIAI

EESIEES S R ol

ok om e

P ——

Gl i ¢ 0 bl b bt S b

o s it s

L) YT



CONFIDENTIAL

.157-

€0241.3 VS E

for Various Combinations of m,,8,and V,

my* 300 grains © =60 degrees Ve * 9000 fps

alinches of B.R.Gloee)
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*Rnlo of Materiol Thickness Relotive to a Unit Thrickness of B.R,Qloss

Fig. 114
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02413 VS E
for Various Combinations of m, ,9,0nd V,
my* 30 grains © = 70 degrees V, * 9000 fps
slinchas of B.R.Closs)
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*Runo o! Material Thickness Relotive to o Unlt Thickness of B.R.Glass

Fis. 115
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elinches of 20247-3)

§ e VR TRRET L NI OO AR 1§ Sy e oL e e e e R

CONHDENTIAL

=159«
€a024v.3 V8 E
for Various Combinations of m,,©,and V,
my® I00 gmins 6 s 70 degrees V, * 8000 fps

elinches of B.R.Gloss)
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Cast Plexigios - - 2.01

*Rﬂlc of Material Thickness Relotive to o Unit Thickness of 8.R.Gloss

Fig. 116
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.160-
€0241.3 V8 E
for Various Combinations of m.,©,and V,
me* 300 grains © = 70 degrees V, * S000 fps
slinches of B.R.Gioes)
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*lulo of Materiol Thickness Ralative fo a Unlt Thickness of B.R,Glass

Fig. 117
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Appendix B

Graph Set Vi e (inches of Maftex) vs E

for Various Combinations of ms 6, and v.

Figs, 118-144

Note: The ordinats represents an eatimate of the maximum thickness of
calibracing matarial that can possibly be perforated by the largest portion
of the residual fragmont after the original fragment has impacted {nitially
on one of the given targets, Ths assumption ia made that yhe recfdual
fragment strikes the calibrating material at normnl impact and that, furs
thermore, the shape of the uriginal fragment is retained deospite any loss
in weight,

On each graph in this appendix thare appoars a value of e,. This
value {s an estimate of the maximum thickness of the calibrating material
that the original fragment can perforate, assuming normal {mpact and no
intermediate barrier,

The contours are limited on these graphs to 72" of Maftex. This
represents the maximum thickness of this materfal that has baen conaidered
in BRL single-target firings. In fact, there f{s no instance to date of a
penetration of more than 72" of Maftax in BRL experimental work with compact
fragments,
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€uarrex VS E
for Various Combinations of m,,8,and V,
m,®* 30 groins 0 20 degrees Vv, * 3000 fps
elinches of B.R.Gloss)
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*Rulo of Material Thickness Relativa to ¢ Unlt Thichness of B.R,Gless

Fig. 118
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2{inches of Maftes)
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eMAFTEX VS E
for Various Combinations of m,,©,ond V,

me* 100 groins 0 =0 degrees V, * 3000 fps
elinches of B.R.Gl0ss)
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*mmo of Materiol Thichness Relotive to o Unlt Thicknese of 8O.R. Gless

Fig. 119
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Y™
@uarrex VS E
for Various Combinations of m,,©,and V,
me® 300 gruins ©:0 degrees Ve * 3000 fps
elinchas of B.R.Gloss)
0le 031 088 078 188 32 5468 780 117
| T
22.80 *+ —
\..\J pr—,
20.00 3
N

17.80 — Nb-
516,00 \‘L \:°
i 12.80 A L
i no:oo NN

% 3
7.80 \'\ \ \k _\“.

8.00 N Ey
Oural

2.80 e,-aa.ai' \ . \\

W V4

%.2 04 o7 1.0 20 40 7.0 10.0 18.0
Eltesn?) _
* »
Unbonded Nylon —-—-—- 3.3| Stretched Plexiglos = = == 2.01
Bonded Nylon  «..c.o... 2.66 Doron —— .23
Lexan 2.06 B.R. Glass =i OO
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*Rnlo of Materiol Thichness Ralotive to o Unlt Thickness of B.A. Glese

rig. 120
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CONHFUDENTIAL
a165e
Cuacrex VS E
for Various Combinations of m,,8,0nd V,
m,* 30 grains © =60 degrees V, * 3000 fps
a(inches of B.R.Gloss)
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*Molo of Moteriai Thickness Relotive to o Unit Thickrness of B.R.8less

Fig. 121
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alinchec of Meftex)
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=166«
Quarrex V8 E
for Various Combinations of m,,0,and V,
me® 100 grains © *g0 degrees V, * 3000 fps
elinches of B.R.Gices)
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*Rcﬂo of Motericl Thickness Relotive to o Unli Thickness of B.R,Oloss

Fig. 122
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Cuarrex VS E
for Various Combinations of m,,9,and V,

mg* 300 grains © 260 degrees V, * 3600 fps
elinches of B.R.Gloes)
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"‘nm of Material Thichness Relotive to a Unit Thicknass of 8. R Glees

Fig. 123
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euarrex VS E
for Various Combinations of m,,©,ond V,
me® 30 grains O = 70 degrees V, * 3000 fps
elinchea of B.R.Gices)
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*lollo of Materig! Thickness Relotive to o Unit Thickness of B.R, Blote

Fig, 124
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efincnes of Meften)
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CONHDENTIAL

«l69e
eMAFTEX Vs E
for Various Combinations of m,,0,0nd V,
my* |00 grains © = 70 degrees V. * 3000 fps

slinches of B.R.O!0ss)
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"Rcllo of Maotericl Thichness Relotive to » Unlt Thichkness of B.R.Blass

Fig. 125
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@uarrex VS E
for Various Combinaticns of m,,0,0nd V,
mg* 300 grains © = 70 degrees V. * 3000 fps
elinches of B.R.Glces)
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*Rulo of Moterlal Thichnoss Relotive te o Unlt Thickress of B.R,8loss

Pig, 126
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e MAFTEX Vs E

for Various Combinations of m,,©,0nd V,

me®* 3O grains © 0 degrees V, 6000 fps
alinches of B.R.Giass)
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*Ro'lo of Materiol Thichnass Relotive to a Uait Thickneses of B.R, Gloss

Fig. 127
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€uarrex VS E
for Various Combinations of m,,8,and V,
m,® 100 grains © 30 degrees V, #6000 fps
elinches of B.R.Gloes)
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Appendix G
Graph Set VIIl: Impact Conditions for Fragment Shatter

Fige, 134-158

Note: No graphs for Bonded and Unbonded Nylon appear within this Graph Set,
The limitations of the experimental data for these materials were such that
extrame cages of fragment break-up are not in evidence. Still higher
striking velocities would be needed to produce the break-up data necessary
to warrant predictions of impact conditions on this material for which the
fragment will shatter.
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Impact Conditions For Fragment Shatter

Target Materiol: Lexon
Shatter Criterlon: ¢'am,/m, = O -=-=-== Extropoloted

Notes'
) Thickness contours shown only whare perforotion is anticipated.

R)Blocked orea shows maln reglon of axperimentation.
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Impact Conditinns For Fragment Shatter
Target Materiul: Plexiglos, as Cast
Shatter Criterlon: ¢sm,/mgs 0  =~--~-- Extrapolated
Netes: I Thicknese contours shown only whers perforaticr (s anticipeied.
2)8locked ares shows mein region of experimentation
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Impact Conditions For Fragment Shatter

Target Materiai: Stretched Plexiglos
Shottar Criterion: gemy/my» 0  =~=—== Extrapolated

Notes:
1} Thicknass cantours shown only whera parforation is enticipoted.

2)8locked orsc shows main region of axperimentation,
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Impact Conditions For Fragment Shatter

Target Material: Doron
Shatter Criterlon: ¢am,/m¢= 0  ~===-— Extrapolated

Notes!
1) Thighness contours shown oniy whare perforation (s anticipafed.

2) Blocked areo shows maln reglon of experimeniation.
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impact Conditions For Fragment Shatter

Bullet- Resistant Glass

Shatter Criterion: ¢amy/my= 0 ~==== Extrapolated

Notes

]
1} Thicknasa contours shown only where parforation (s anticipeted.
2} Bloched cree shows main region »f exparimentation
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Appendix H
Photographs of Targats After Iwpact

Figs, 159 = 176
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Nylon

Fig., 160
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Gtretrehed Plexiglus

I'igs. 165, 166, 1067
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Stretched Plexigles

Flgs, 169, 169, 170
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Doron

Fig. 171
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Doron

Fige. 172
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Sullet-Resistant Glaa= =2l7-
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Bullat-Resistent Qlass
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Bullet-Resistent Qlass

Me. 175
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Bulluc-HRealatant Glass

Flg. 176
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Appendix 1
Rxparimental Data; Steel Fragmants

Impacting on Various Targel Matarials

Tables XIXI-XIX
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Dacum
No.

X A R A7 R Xk X oo
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EAPERIMENTAL DATA

Table XIIT 1 Btual Fragments Impacting on Unbonded MNylon

Matarial
Thickness

e(inches)

0d
02
03
02
02
02
02
02
01
02
01
023

Yragment
Weighe
[ .(.runn)

R}
l‘s
.83
2.10
2.10
.10
16.09
16.09
16.09
16.09
16.0%
17.00
83
16.09
16.09
18.09
83

R
1]
88
)
.83
2.10
.40
2,10
2.10
16.0¢
16.09
16.09
16.09
17.00
N}
16.09
16.09
16.09
16.09
1.63
1.0
16.00
16.00
16.00
16.09
16.09
16.09
16.09
1.35
1.35
1.33
1.38
2.65

Seriking Residual Residual hols
Obliquity Velonlit Velogit Waight Avea
0(degrees) V _(fpe v (tps) w (srains) (sq. in.)

0 k V1] 0 . -
0 L1k ] L2 - .
0 42 498 - .
0 550 0 . .
v 1023 900 . .
0 1218 1132 - .
0 339 2% D .
0 700 483 . .
0 818 187 . -
0 1?7 [ 173 . .
0 1002 914 . -
0 L)) ] 0 - -
0 350 [ ] . .
0 4% 0 - )
(] 111 378 . )
0 1008 63 . -
0 730 0 . .
0 1027 422 . -
0 1508 1179 - -
0 wel site - .
0 3000 2816 - -
0 b Y] kR A1 . .
0 768 0 . .
0 1263 11 ) - .
0 2406 113 - -
0 a2 2467 - -
0 100 0 - -
0 902 628 - -
0 1209 1020 - -
0 1564 1307 - -
0 654 0 - -
0 800 0 - .
0 800 0 - -
0 1003 s - -
0 1207 1023 - -
0 1306 1381 - -
3 992 0 - -
&0 1038 0 . -
0 800 0 - -
0 1143 692 - -
0 2111 1358 - -
0 838 0 - -
0 1013 648 - -
0 124¢ 1023 - -
0 1434 1233 - -
0 1193 1] - -
30 1239 0 - -
43 1253 0 - -
60 1398 4] - -
0 1030 0 - -
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Datum Thickness

Table X111 :

Nagerial
a(inches)

.230

Fragmont
Height
LR (graine)

83838888

L2888

« » o & o o
- X X X X
LB B AV RV RV RV ]

CONFIDENTIAL

EXPERIMENTAL DATA

fiteal Fragments Impacting on Unhnnded Nylon

Striking Residual Residus)

Obliquity Velocit Veloe l.:; wei,
©(degress) V.(lp. V'(tn
4S 990 0
0 958 0
0 1050 0
0 012 1484
0 bk ) 914
] 4328 el
0 3004 4513
0 1068 0 .
0 1298 TAY .
0 3 1878 .
0 99 2603 -
0 3394 1893 .
0 900 0 .
0 1142 a3 -
0 1716 1395 .
0 1092 1698 .
0 1933 1014 -
0 930 0 -
0 1158 o3 .
0 1423 " -
b 902 0 146.0
k 1189 .
43 1202 0 .
@ 1297 0 -
% 1044 0 -
AS 1103 0 -
0 1073 0 -
k 993 0 .
0 1400 0 -
0 1812 99 -
0 1792 1979 -
0 Jl66 2361 .
¢ 4102 kL L} :
(1] 1295 0
43 9% 0
(1] 1012 0
10 3440 %74
70 3963 4444
10 7279 3693
0 9800 197
0 9075 s128
0 9727 -
0 a3t 974
0 1960 0
0 22%3 1008
0 28630 1906
o 97 2373
0 4112 3368
0 4843 4089
0 5295 4506
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patum
No.

(X}

104
108
108
10?7
100
1ne
110
111
12
13
1is
118
1.8
117
118
119

in
122
123
12
i1s
id
127
128
129
130
131
132
133
13
138
136
137

139
140
141
142
143
144
145
146
147
143
149
150

Table XIIX
Mazaris R LR
Thicknes:c Heught
a(inctinn) n i

2% T

PRI |

Jouh .10

250 .10

2% 2.10

+25%0 2,10

250 2.10

280 2.10

+268 5.88

<2060 17.00

266 .

266 147.00

206 207 00

280 2.68

.280 1.63

S0 2.0%

«290 265

290 .03

+290 3.8%

«290 3.88

+290 7.00

290 17.00

290 17.00

290 44,00

298 3.00

» &98 240,00

300 N 1)

.300 .83

300 .08

.300 .83

+300 .83

«300 43

300 83

«300 N1

300 .83

.300 .83

300 .88

Im lus

+300 8%

300 A3

.300 N1

.m lls

.300 .83

300 .83

.30¢ .83

. 300 .85

+300 .83

300 .08

.300 .83

.300 .83

CONFIDENTIAL

EXTERIMENTAL DATA

Striking
CLivedt
V.‘fpl

[ ST X I
Tt 3weey)

1897
Ve
2697
1936
i
4267
4778
1307
1270
1230
1062

950

939
19%
1718
1680
1824
1320
1338
1430
1168
1254
1303
1082
1082

900
1714
2074
2573
2993
3529
a8
4238
1691
183
222
%08
5078
5424
21
2479
2520
2646
2886
2609
3734
4064
4190
ase
4917
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Rasidual
Veloeit
V'(!pl

4]
1035
1392
2081
322
2612
Jaes
3620

0

[-X-F-X-R-RX-T-R-E-K-X-2-2-X-¥-%-X-¥-J

1 Steel ?rannnﬁta Impacting on Unbonded Nylon

Residual
Weight
n:(tratnl) (0q. tn.)

o0 20 N N I N IO I I I B4

| 33

T 6 88 & 8 2 48 LIS S » & 8 s S 0 B

P9 90 s 8 3 8 B
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Datum
No.

n
152
153
1%
158
136
187
158
13
160
181
162
183
164
163
168
167
168
169
170

Tabla XI1II
Material Fragmant
Thi .kness Weight
e(inahas) n.(grntnl)

+300 0,88

J00 1.1

Om ‘03’

+360 1.8
300 1.38
« 300 .01
+300 2.0t
+300 .01

+300 2,01

+300 2,01

+300 2.01

300 2.01

+300 2,01

300 2,01

300 1.10

«300 2.10

+300 1.10

S0 2.10

+300 2,10

+300 a.10

+300 1¢.00

«300 16,00

+300 16,00

+300 16,00
+300 16.00
+300 16.09

+300 16.09

+ 300 16,09

+300 16,09

+300 86,20

0 223,00

. 300 225.00

+300 225,00

308 44,00

+306 44,00

+308 44,00

363 $.88
+36) S.88
362 3.03
.363 $.85
+363 17.00
4362 12.00
363 17.00
362 17.00
+363 44,00
+363 207.09
»362 44,00
+I82 44,00
382 44,00
,382 44,00

W s, N CRZAMMEIGIM LB G e e
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BXPRRIMENTAL DATA

Striking
Obliquity Veloeit

0(dagreen) V'(!pa
L1 3096
)] 2012
b ] 0N
43 2051
80 2098
0 1543
0 1983
0 211
9 nn
n 87
0 4420
0 L1Y ]
0 3164
0 - 8022
0 160)
1] N
0 0ne
] 3854
0 4529
0 3086
0 900
0 1394
0 2397
0 mn
0 4098
0 1150
0 129
0 2344
0 4147
0 990
L] 350
0 964
0 1168
AS 1113
43 1128
60 12
0 1438
3o 1482
[ 3] 1482
60 1634
0 1340
30 1322
43 1399
60 1413
0 1152
0 936
30 1188
30 1197
45 1197
43 1202
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Residual
Valoeit
V'(lpl

n
0
0
0
0
0
1144
1528
744
3.0
810
)93

9"
9
1248

3
1118

0
144
1967
(11 ]
4182

0
619
1293
e

..
ge
a8

- N-N-N-N-¥-X-X-¥-¥-X-N-X-R-X-§-X-J

t Steel Fragmonts Impacting on inbondeu Nylon

Restdual
Welght

e e R AT LT
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Hole
Avea

e e,

-'(urntn-) (aq. in,)
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vaaln X112 & ¢ Bteel Frugmentn I nun? on Unix.ndad Mylon

Wat+e hul
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sz
.“o

Fra;
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«eloaley’
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80880358
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b
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valulw Veight Area
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\ 0 . .
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0 . -
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a2}«
BXPERIMENTAL DATA
Table X111 : Btesl Fragments Impacting on Unbonded Nylom
Material Fragmunt 8triking Residual Assidusl Hole

Datus Thickneas Waight Obliquity Veloaity Velootiry Weight Axun
N>, a(inchen) l.(gutnl) A(degiraes) V.(!p-) Vr(fn) l‘_(gulnl) (oq. 1In.)
231 840 3,85 A3 410 0 - -
2" .350 “.00 ” ‘“, 0 - -
23 860 44,00 X 1663 0 . -
z’. I“ “u“ ‘5 “,’ 0 - -
2% 944 11.00 9 2070 0 - -
256 J944 17.00 30 2116 0 - .
258 JIhe 17.00 60 2336 0 . .
b11) b 3.85 » 2479 0 - .
260 N 35.08 (1) a7y 0 . -
261 D4k 44,00 0 708 n - »
dol N ) & ,00 ¥ 1822 v - .
203 N ) 44,00 A} 1887 n . .
264 1,089 3.83 0 2618 ) - -
268 1.09 17.00 0 2232 ') - v
F{ ) 1.080 17.00 b ) 229 0 . .
207 1.0%0 17.00 A3 2351 8 - -
b '] 1.089 17,00 60 2604 0 - .
28 1.009 44,00 0 1906 (] . .
220 1.089 147,00 0 1532 0 100,0 -
an 1.009 207,00 0 1808 ] 3.4,0 .
bt 1.148 5.08 0 2641 0 - -
173 1,244 3.00 0 5370 i A9 -
i 1.244 10.00 60 3070 7”7 8.9 .
73 1.264 13.00 43 16000 4733 12,0 -
276 1,244 1..00 60 10742 Jh2 8.2 .
an 1.204 15,00 70 10790 2768 12.2 .
278 1,244 1,00 o0 8800 2925 18.? )
270 1.244 30.00 70 9500 1064 14.0 .
a8l 1.264 0.00 70 09%40 - 40.1 .
282 1.244 240,00 70 6020 2511 3.3 -
283 2.488 15.00 0 9118 294 12.0 -
284 1,488 30.00 ] 10000 3833 - .
203 2.408 30.00 a8 10850 1 19.0 -
288 2,408 60.00 (1) 9300 0 - -
HH 2,408 60.00 70 11000 0 . -
288 2,511 15.00 0 9628 3308 14,0 -
269 YT ¥t ou.uY ] Jdbb 2106 49,0 -
290 3.281 15.00 0 7000 0 - -
91 3.281 60.00 0 $000 0 - -
293 2.257 240,00 0 7500 0 - .

. an
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EXPERIMENTAL DATA
Table X1V 1+ Steal Frapmante Iwpactiug on Bondad Mylan ,
Material Fragment Striking Residual Restidual Hole
Datum  Thicknese Weight Obliquity Veloeit Velosit Waight Area
No. afinches)  m (grains) O(dugress) Vv (Ips V (tpn) = (srains) (sq. in.) .
1} .23 5.0 )] 4900 837 4.4 .
i .23 w0 0 1363 4908 k¥ ] .
] i k) 15,0 0 2600 047 9.7 -
) 8 15.0 0 $300 6190 2.9 -
3 34 5.0 0 4000 kT T1 4.3 -
¢ M 3.0 0 3630 2108 4.9 .
? 36 15,0 [ ] 8730 5970 9.2 -
8 34 18.0 10 81%n 3253 3.6 -
9 &) 10,0 0 a8l 0 9.3 -
10 &3 10.0 0 4209 3263 9.5 .
12 |“, 1.V o Ty l‘g;; Jea .
13 43 10.0 m 5728 3383 9.5 -
14 ) 1.0 0 30 2% 14,3 .
13 A 15.0 43 4433 3403 14,5 .
16 43 15.0 (] 49176 ian 14.8 .
\? &3 13.0 ] 10083 3868 . -
18 &3 15.0 Ll 87 s 10.0 .
19 A3 1%.0 0 8048 M2 . - .
0 N} 30.0 ] 2805 2318 9.9 .
a A3 3.0 0 981? 8000 7.6 .
1 N} 30,0 0 10202 as1) 3.0 -
b § ] N} w.o 43 3458 2820 9.3 . .
24 43 3.0 ()] 3828 2008 9.3 -
3 A3 30.0 w 3086 3226 24,0 -
26 N Y 3.0 [ 11032 3964 0.3 -
a? Y] ©w.0 0 2434 1972 9.0 -
28 &3 60.0 43 nn» 731 $9.0 .
29 4) 6.0 60 4490 3469 59.0 -
30 63 &®0.u 10 046 %2 39.0 -
3l A3 0.0 » 9430 3404 18.% .
32 N3] 120.0 0 asn 2196 119.0 -
3 N} 120.0 (1 2503 233 119.0 -
3 .63 120.0 () 1537 2138 119.0 -
38 M) 106 0 ELYTA W 119.0 -
% 43 240.0 0 4210 2006 239.0 .
» A3 o0 ' 2400 2163 239.0 -
k1] &3 1400 ® 2876 2280 239.0 -
39 @2 200.0 0 3374 2511 239.0 -
40 S 13.0 70 10460 - 0 -
(3] .38 5.0 0 2810 2068 4.2 -
A2 .33 %.0 ] 6700 %188 4,7 -
4) .53 5.0 0 o004 6004 4.1 -
44 .33 30.0 10 2630 474 15.8 -
43 .66 10,0 1] 4300 081 9.1 -
46 .68 6.0 10 8870 4740 121 - *
47 .07 3 0 8650 7003 26.2 -
&8 .67 3.0 [+ 8860 4915 22.2 -
49 .67 30.0 70 10475 4432 1.4 -
80 m 260.0 70 9300 6152 49,2 - *
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EXFERIMENTAL DATA
Table Xiv : Steel Pragments lmpacting on Bonded Nylon
Material fragwent ftrikiag Residual Residual Hole
Datur  Thiakneaa Weight Obliquicy Velocit Veloaity Walght Arce
No, o{inchea) n.(sntnl) 8{degrees) V.( fps ":“"') L (avaine) (sq.in.)

51 .8 5.0 0 11799 2396 - .
33 N ] 13.0 0 un 3323 10.0 -
3% N | 15.0 0 9489 3613 2.0 -
S8 N | 3.0 0 011 b ) 9.3 -
36 N ) 30.0 0 10492 7582 1.0 .
’7 . ” a° 60 “” m’ “.0 -
6N [ ] W a 0 AREs 1Ly - 0 -
39 N | 60.0 2 4044 3002 3.0 -
60 .8 60.0 (] 4960 2983 $9.0 .
61 N ] 60,0 ® 9380 3394 2.3 .
62 N ] 60.0 70 171 473 3.0 -
[ X} N | 60.0 70 8696 1643 10,0 .
[ ] N 120.0 [ ] [ 1) 2519 11%.0 -
43 N ] 120.0 bl s281 1322 119.0 .
o N 2400 0 3038 b2l L] .0 -
¢ N ) 0,0 ® 3328 2364 an.0 -
] .8 260.0 » 076 1002 .0 .
] 1.0 17.0 0 2420 0 - -
0 1.0 17.0 30 2594 0 - .
n 1.0 12.0 43 2736 4 . .
78 1.0 17.0 0 301 0 . -
3 1.0 & .0 [\ 2043 0 . -
74 1.0 4.0 0 2076 0 . -
7 1.0 &b .0 43 an 0 . .
76 1.0 4.0 0 2483 0 . -
n 1.0 207.0 0 1473 0 - -
78 1.0 207.0 30 1501 (] . .
” 1.0 207.0 43 1822 0 - .
80 1.0 207.0 60 1770 0 . .
81 1.0 82%.0 0 1108 0 - .
a2 1.0 925.0 0 1143 0 . -
83 1.0 83%.0 45 1268 0 . -
84 1.0 823.0 60 1414 0 - -
83 1.0 17.0 0 895 0 - .
8é 1.0 17.0 30 4237 0 - -
87 2.0 17.0 A3 4876 0 . -
" 3 .0 “.0 ° ”l‘ 0 - -
89 2.0 44.0 30 3138 0 - -
90 2.0 44 .0 43 3389 0 - -
91 2.0 44.0 60 4208 0 - -
92 2.0 207.0 0 2113 0 . -
93 2.0 07.3 30 219) 0 - -
9% 2.0 207.0 [ 3] 2281 0 - -
935 2.0 207.0 60 2676 0 - -
96 2.0 825.0 30 1646 0 - -
87 2.0 825.0 45 1786 ¢ - -
98 2.0 825.0 0 1930 0 - -
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Datus
No,

CE G WIS

CONFIDENTIAL

EXPERIMENTAL DATA

Tabls XV : Steal Pragments Impacting on Lexan

Materlal
Thicknass
s(inchas)

128
123
128
123
128
123
128
128
A48
Y]
128
A8
128
A28
3]
AN

520
+ 520

Bt Estimated

Fragment
Waight

n.(.rnlno)

”Io

120.0
120.0
240.0
240.0
240.9

15.0

15.¢

Btriking
Obliquity Vulovity
O(degreen) v _(fps)

11605
3248
328
5747
8336

830
1362
&30
016
3033
1240
1084
1309
1402
1279

10623

10198
1314
13
012
mi
4397
nay
1573
1740
1999
1297
7950
2160
3570
3333
1297
1480
1700

11064
6030
8i1?
9850
3967
8%
8939
4190
N
9550
3831
9471
1500
2800

2033838333382 805008802000038288000500000338880333c

CONFIDENTIAL

Reaidual
Velocity
V'(lpl)

9820
4252
W
YA Y )
1728
902
3423
1367
A04
11
1197
1143
1273
1183
9328
9198
it
117%
1978
2254
3398
287

133
920
kT Y]
1176
/56
1672
20
1189
Asl
8382
2534
2613
6649

346)
2349
kk!. ]
7618

e
64232

T e NI SR g -

Residual
Waight

n'(uratuo) (oq. in,)

Hole
Ares

38
02
01
04
39
06
18
09
123
01
03
06
.08
08
18
14

b

Y

b 6w it
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Table AV
Material Fragmauc
Patum  Thickness Walght
¥o. s(inchas) w _(srains)
49 .520 15.0
0 +320 30.0
5 520 3.0
52 520 3.0
1] 320 30.0
54 +520 0.0
35 + 340 120.0
36 +543 0.0
L) 343 10,0
1) +334 240.0
1] 1,000 0.0
@ 1.000 3.0
61 1,000 0.0
[ 1] 1.000 3.0
()] 1.000 .0
[ ) 1,000 0.0
(1] 1.000 3.0
o 1.000 .0
[ 1] 1.000 0.0
“° 1,000 0.0
(1] 1,000 120,0
10 1.000 120.0
n 1,000 240,0
72 1,000 240.0
2] 1.000 240,0
7a 1,000 240.0
73 1.000 240.0
1] 2,000 30,0

e e mm e e e

81 Kstimated

CONFIDENTIAL

FXPRRIMENTAL DATA

Striking Residual
Valocity Velocity
0(degreen) V.(lnl) vrttpu)

ubliquity

0 3260
0 1400
©0 2400
60 2633
0 3000
0 3150
0 1242
1961
2728
1017
15008
2470
4904
0e?
4000%
4370
8000%
6006
0839
8990
6012
9341
11008
1334
1600
9087
8836
A100R

8828838 Booco0o000

-»
(-2-J-X-%-%]

CONFIDENTIAL
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§tesl Zragmencs Impacting on Lexan

1120
700
0
790
0
830
798
1208
1340
387

0
1728
2524
N4l

4]
1156

0
2240
4412
)83
3
4970

0
1232
10s¢
6839
5918

o

Residual
Weight

-r(lratnn) (eq. ia.)

=231

Hole
Area

coco
2%

-

Qe 8 3
glﬂo
[

-
-8
“

36
-39
N
0.18

1.11
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EXPERIMENTAL DATA
Teble XVI 1 Steel Fragments Impacting on Oast Plewiglas
Material Fragmen® Striking Residual Residual hole
Datum Thicknaea  Weight Joliquity Vilocltg Valoeit Wedght Arvea

No. a(inches) m.(ntn&na; ¢(degreas) V.(!pl Vr(Zpl nr(uralnl) {aqe Lne)

1 228 240,0 h 1939 1050 239.3 .

4 2 240.0 70 3830 433 . .

3 238 30,0 70 2036 0 9.0 -

4 Nk} 30.0 4 672 0 29.8 -

$ «239 30,0 43 4865 4333 29.0 .

é +260 30.0 8¢ 4512 ] - -

? + 360 120.0 0 1141 974 119.3 -

8 + 260 120.0 0 4833 4581 119.0 -

9 «130 3.0 70 4368 1573 4,3 0.07
10 +230 15.0 70 4931 2020 14.7 0.3
1 +250 30,0 43 1017 407 3.3 -
12 250 30.0 1] 480y 4313 - .
13 +150 30,0 10 2538 665 .0 .
14 «150 3.0 10 4773 a7 . .
13 Q50 120.0 70 1944 113 119.0 .
16 «250 120,0 70 3933 48846 - -
17 +250 240.0 0 268 0 239.5 .
18 2954 240.0 70 a7 3163 2%.0 -
19 +256 120.0 70 S884 4790 . -
20 297 30.0 0 1695 1289 9.8 -
a 187 0,0 0 1193 801 .3 .
L) 297 240.0 0 5826 3683 239.0 o
3 257 260,0 70 1118 236 9.3 -
% «158 30.0 0 833 689 9.5 -
23 . 238 30.0 n 5103 4314 - "
2¢ 203 120,9 0 839 280 119.) -
a7 +486 8.0 0 5227 2740 (8] 0.01
28 486 15.0 ] 4373 2680 14,9 0.03
29 486 15,0 60 4603 718 14,8 0,32
L) +4086 0.0 4S 4018 2310 29,3 0.1
i 492 30.0 A3 1888 LY ) - .
3; W92 0.0 43 4896 Sgﬁl - .

492 240,0 45 869 93 239.5 .
M .ho8 n.n 0 nes Q 2.9 -
a3 498 30.0 0 4793 1563 - .
36 493 §0.0 0 687 309 59.0 -
k1 493 120.0 2 1198 896 119.0 .
k1 } + 300 3.0 0 $220 4140 - -
3 +300 30.0 70 3os2 0 - .
40 500 30,0 70 6166 2687 - -
'} +500 60,0 0 4911 4277 - .
42 +300 6C.0 70 2209 376 59.0 -
43 »300 60.0 70 5034 2878 - -
& 300 120.0 0 5785 5183 - -
45 500 120.0 20 5798 2524 - -
&6 500 2640,0 0 17¢ 120 29,4 -
47 + 500 260,0 0 5910 5310 - -
48 50 240.0 48 869 193 23%9.0 -
49 +300 240.0 45 sS4l 4333 - -
50 500 240.0 70 1969 483 239.0 -
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Mo,

N
32
-3

Table XVI

Haterial Fragmant

e e gt . AT e SR LA 3 o WA v o e e 2

CONFIDENTIAL

EXPERTMENTAL DATA

t Stesl Fragments Impacting on Cast Plexiglas

Striking

Obliquity V-lonl:g

a{inches) m.(.nl.nn) 8(degreen) V.(!po

Datum Thicknuss Waight
L 4 m z‘o.o
025 3.0
628 3.0
-62’ ”00
623 3.0
+628 60.0
+628 60.0
825 6.0
628 0.0
628 40.0
«625 240.0
+618 260.0
«618 40,0
732 0.0
« 738 60,0
) 0.0
750 30.0
750 60.0
JI50 200
968 240.0
978 30.0
906 240,0
989 40,0
902 120.0
993 30.0
997 240.0
1.000 15.0
1,000 30.0
1.000 30.0
1,000 60.0
1,000 60,0
1,000 120,0
1.000 120.0
1.000 120.0
L.000 460.0
1.000 240.0
1.000 240.0
1.000 240.0
1.000 240.0
1.000 475.0
1.000 475.0
1,007 60.0
1.010 1.0
1.010 30.0
1,011 30.0
1,012 0.0
1.023 60.0
1.050 60,0
E: Estimated

10 SN2
0 1348
0 403

10 3900

70 3034
0 1048
0 4430
10 LT3}
70 si62
0 (1]
0 830
70 1092
0 3833
10 9017
] da
9 ki1 1
0 34000
60 080
10 010
10 9346
0 14
0 ()] ]
70 3387
0 107
0 417
0 "1
0 3330
0 8200
60 8480
80 3960
70 9328
10 5721
70 8620
20 9374
70 Ja831
10 3000
70 6060
10 6110
70 38uu
70 4710
43 4701
0 5517
0 s221
70 8992
n 4650
0 8702
” 8968

CONFIDENTIAL

Residual
Valoecit
v, (Tpa)

4189

Residual
Weight
-r(.:ntnl)

[
s
-

-4

S D¢ s eBEs s

e
ccoLrS
< !

(Y KT ) - :‘—.-o

A~

B st LS e

-23%-

Hole

Avea
(8q. in.)

(- J
-]
-

-
»
- 3

°
0.32
0.02

s

~8
-

w
w

»
-

o
o

o
©
w

0.08
1.98
2,24
06.03
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Datum Thickneas

LA A X 1" X J"F ') )

T AL WY 2.4

CONFIDENTIAL

EXPERIMENTAL DATA

Table XVII 1 Steal Fragments Impacting on Stretched Flexiglas

Material Fragment
Weight

e(inches)  m (graine)
0.03 S
0.08 15
0.08 ]
0.08 (3]
0.14 ]
0.14 [ ]
0.14 13
0.14 13
0.14 30
0.14 3
0.14 30
0.14 30
0.14 3
0.14 60
0.14 (]
0.28 3
0.2¢ 13
0.268 13
0.6 »
0.26 0
0.28 ¢
0.2 )
0.2¢ 120
0.26 110
0.%6 0
0.2¢ LY ]
0.3 5
0.33 3
0.3 5
0.3 13
0.13 13
N 13
0.3 13
0.3% 13
0.33 k)
0.33 30
0.3 122
0,33 120
0.22 240
0.33 0
0,351 3
0.336 30
0,387 S
0.18? 306
0.3%? 30
0.387 30
0.361 240
0.40 18
0.40 18
0.40 30

R: Eatimated

Obliquity
O(degraen)

10

Striking
Veloort
V.(!Pl

2875
1299
0"y
4876
723
881
il

CONFIDENTIAL

Residual
Velocity
Vr(fpl)

2393
1199
s
4662
k1Y
874
6
noor
1256
8260
1612
1930
M9
680
3909
73
0
933
1214
3808
80
40
L)
4358
1339
L1438

Rosidual
Waight
l;(;rulnl)

4.3

Hole
Area
(.q. in,) .

0.08
0.08

;:.Ounill.l..
..—-8

n-.oo-OlOO
-4

3
»
L J

-9
2%
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«235.
BXPER IMKNTAL DATA
‘Table RVIY 1 Steel Pragments Impacting on Stirestched Plaxiglas

Haterial Fragment Striking Rosldual Rosidua) tole

Datum Thickneass Weight Obliquity Voloeit Velosity VWoight Ared
Na. o{inchaa) l\.(gnlm) 6(degrees) v.( m; vr( £ ) lt(gutnl) (eq. in.)
31 0.40 3 70 7328 3515 13.8 .
L]] 0.40 3 10 11290 . 0 -
33 0.40 60 60 2676 1507 39.3 0.73
(1) 0.40 60 60 8993 6600 38.0 4.10
L) 0.40 120 70 2691 1242 119,8 1.4%
L) 0.40 120 70 4032 en 105.0 $.34
LY 0.40 40 70 2726 1838 239.0 3.8
38 0.40 240 70 6158 4119 180.0 s.28
L] ] 0.407 3 70 3800 2487 28.1 .
60 0,409 240 70 1380 438 239.0 .
61 0.410 ] 70 2630 - - .
62 0.410 S 10 3300 . - -
63 0.410 S 70 3480 - - .
o 0.410 3 10 3700 - - -
48 0,410 ] 10 38238 . - .
8 0.414 3 70 1600 - - -
4? 0.%6 240 70 1970 849 2)0.0 -
] 0,507 k 1} 70 $700 - . .
)] 0.908 30 " L - - -
70 0.514 L] 10 aslv . - .
n 0.5% S 0 82 1422 4.9 0.03
72 0.3 s 0 ARNGL 4720 [ 1% ) 0.01
”n 3.98 3 70 6403 - - 0.%
74 0.8 ) 10 ar4d - - 0.43
78 Q.58 13 60 2980 804 14,5 0.16
7% 0.3 15 60 3207 630 14,9 0.18
n 0.5 15 o 8161 2212 9.5 1.46
78 0.33 30 0 1989 - 9.5 0.12
7% 0.5% 30 0 1029 1116 9.3 0,12
80 0.53 30 70 4300 - - -
81 0.3 Jo 70 4382 - . 0.9
83 0.53 3 70 8000 o - -
8a 0.5% 30 70 A 1943 4.0 -
1] 0.33 3 70 418 - 1.0% 3.10
86 3.9 60 43 2195 1212 39.5 0.31
87 0.9 60 43 9147 6470 26.0 Ny
88 0.33 2640 70 20008 0 - -
.3 0.601 30 70 4393 - - -
%0 0.608 3 10 3400 - - -
91 0.609 240 70 2828 1400 239.0 -
92 0.619 30 10 2023 2527 3.8 -
9 0.728 30 70 3900 . - -
9% 0,728 240 70 4170 1456 23,0 .
93 2.729 3 70 8850 1802 1.8 hd
96 0.720 473 v 1140 - - -
97 9.733 ] 0 4775 12379 4.9 -
98 0.908 60 10 7950 1708 0.4 -
1] 0,910 475 70 2810 1119 474.0 -
B: Rstimated
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EXPERIMENTAL DATA
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Table XV1L: Steal Pragwents Impacting on Stret hed Plexiglas

«236=
Material
Datum Thickness
o, e(inches)
100 0.922
101 0.930
102 0.9)0

Fragment
Waight
n.(lrllnl)

0
3
s

Obliquity
9(degrens)

70
0
0

Scriking
Velocity
v (fpa)

6100
3000
6196

CONFDENTIAL

Residual Resldual

Velocity Weight
V'(!pl) n_(grains)
r
nn 11,0
1010 4.9
2094 4.9

liole
Arsa

(sq. in.)

L™ "

™ b, Wl

e e el

ey
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Datum  Thickness

No,

Table XVIII ¢

Matertal
a(inches)

+033
038
036
038
078
073
078
0735
073
4073
075
1078
078

Coer e eTseeTmi. STERL L

CONFIDENTIAL

EXPERINENTAL DATA

Stes] Fragments Impacting on Dovon

Fragmant Striking
Weight Obliquity Velonie
u.(.rntnl) 0{degraan) v.(fpn
2.65 0 9,
2,68 30 1038
2,68 43 1269
2,65 60 1301
13.00 0 1218
13.00 0 123
30.00 0 1997
30.00 0 2018
30.00 0 3684
.ty Q i
30.00 0 247
30.00 ) 2497
30.00 & 413
30,00 10 968
80.00 10 s
17.00 43 a8t
44.00 60 (13
147.00 0 n?
1.8 60 1301
13,00 0 2040
13,00 0 2063
15.00 70 asn
13.00 70 3600
17.00 k] 761
17.00 60 1033
30,00 60 kil
10,00 60 4013
30.00 7 3881
Jo.00 70 3910
44,00 30 635
44,00 43 872
(0.00 60 2696
60.00 60 mns
60.00 70 3538
60.00 20 3587
120.00 60 3036
120.00 40 30N
120.00 70 J89s
120.00 10 3929
240.00 60 2164
240.00 60 2180
240.00 60 3176
240.00 60 3198
5.85 45 1M
5.85 0 959
5.85 30 1000
17.00 a §30
44.00 0 ;ra
0.85 0 1S
0.85 ¢ <000

CONFIDENTIAL

Reasnidual
Valocity
v (tps)

1836

0
1633
1670
161
2686

n
s
051
106

2210
2240
2726
6t
2433
2482
i
3263
1964
1966
2882
2907

OCoac o0 C

Restdual
Walght
Ir(lrl!nl)

=
»
s

o 9 6 8 28 0 B 3 0 8« 8 B U B¢+ s 15

-
|
L]

119.3

229.8

g1y atembar g

«237-

Hole
Area
(‘q« ‘ﬂ')
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=238=
EXTERIMNANTAL DATA
{at- « XVITL 1 Sceal Fragmants Impacting on Doron
My« = ial Fragment Striking Rosidual Rosidual Hole
bacum  ilccnoaass  Weight obliquity Valoeicy Valoeity Weight Area
Mo, e(inches) n.(grntnl) @(degraas) V.(rpn vr(rp-) n'(urulnl) (sq. 1n.)
s1 102 0.85 0 2300 1488 - -
31 102 0.83 0 2949 2039 - .
L] 102 0.83 0 Jooo 1083 - -
3 102 0.83 0 3092 1ny . -
33 102 0.83 0 3300 4630 . .
L]} 102 0.08 0 4000 3140 . .
37 +102 0.88 0 4300 3631 . .
L] | +102 0.83 0 3000 4108 - .
5 102 0.88 0 3190 4249 - .
60 +102 147,00 0 606 0 - -
[ ]} +108 0.8% 0 1920 0 - -
62 108 0.85 0 4082 Jon . -
[ ] 108 0.8% 0 3418 43681 . .
[ ) 108 0.8% 43 2304 0 . .
L 1) 108 0.08 43 3249 1148 . »
1) 108 0,03 (1} 3007 m - -
67 108 0.8% 60 2701 /1) » .
] +108 0.83 60 313 1081 . -
69 «108 0.83 60 3932 2566 - .
10 108 a.10 0 1778 0 . -
n 1108 .10 0 3992 2059 - -
1% .108 2.10 0 343 4176 . .
73 108 .10 (1] 2361 0 - -
14 +10R 2.10 (1] 4014 M50 - -
13 108 a.10 43 %691 bLELY - -
] +108 2,10 60 Jost 0 - -
v} «108 1.10 80 4079 1616 - -
78 .108 1.10 80 $0%2 3041 - -
7% .109 2.68 0 1490 0 . -
80 A6 5.88 0 1289 0 - -
[ 1) o114 17.00 0 993 0 - -
82 118 2.68 60 a5 0 - -
84 +120 17.00 30 $79 0 - .
83 120 44,00 30 7?72 0 - -
L 1) 122 2,685 30 1610 0 . -
8? »122 17.00 &0 1231 0 - -
122 3.83 48 1321 0 - -
89 126 2,63 (1] 1861 0 - -
90 124 3.8 60 1827 0 . -
” 124 44 .00 43 97 0 . -
92 144 17.00 0 1079 0 - -
9 143 3.88 0 1409 0 - -
94 «130 17.00 30 1152 0 - -
93 +150 30,00 3201 - 28.84 -
9 .150 30.00 60 5993 - 23,20 -
97 «150 30.00 70 31827 - £8.89 -
99 .150 44,00 30 843 0 - -
9 .151 $.8) 30 1349 0 . -
100 151 7.20 0 737 o - -
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EXPER IMENTAL DATA
Table XVIIl ! Steal Pragments Impacting on Doron
Materiai Fragment Striking  Realdual Re :idual Hole
Datum Thickneas Weight Obliquity Valocit Velooity Waight (1 1)

No. a{inches) l.(uulnl) 0(degreas) ".(fpl V'(lpl) ur(grnlnl) (eq. 1n,)
101 181 7.20 0 4439 4211 - -
102 181 7.20 43 57 0 - -
103 181 1.20 43 4430 4290 - -
104 181 7.20 80 anr 0 - -
108 JA81 7.20 60 $0463 4162 - -
106 +152 5.08 AS 1503 0 - .
107 182 17.00 &0 1418 0 - -
108 182 46,00 AS 918 0 - =
109 152 147.00 30 653 0 . .
110 BEH 107.00 0 628 0 - .
111 154 $.83 60 1823 0 - .
112 184 15,00 70 aés . 14.0 -
112 154 17.00 43 1220 ] - -
114 154 30.00 70 a8 " 29.0 -
I8 192 5.85 0 1794 0 - -
118 192 12,00 0 13082 0 - -
117 J193 .83 0 2426 0 - -
431 ] 193 2.43 3 2308 o . -
119 +193 2,63 AS 979 0 - .
120 193 15,00 0 671 1827 14.5 -
12} 1193 13,00 0 2693 1870 - -
122 193 30.00 10 4890 2844 - )
133 +193 30,00 70 L TR} 096 - -
124 193 63,00 60 1793 1907 - .
128 193 60,00 60 2798 1882 - -
12¢ 193 6,00 70 373 1223 - .
127 193 60.00 10 3788 1233 - -
128 «19) 120,00 0 148 1912 119,38 -
129 193 120,00 0 N7 2950 - -
130 193 120,00 70 397) 2350 - -
131 19) 120.00 70 4004 2610 - -
132 194 2,63 &0 3528 0 - a
133 194 147,00 0 mn 0 - -
144 108 260,00 0 071 2359 - -
133 198 260.00 10 3104 Fal3] - -
136 193 2640, 10 6191 4828 - -
13 196 44 00 0 1062 0 - -
138 200 5.83 43 1936 0 - -
139 .210 17.00 30 1358 0 - -
140 210 44 .00 k1] 1114 0 - -
161 213 5.85 30 1741 0 -
142 .213 17.00 60 1791 0 - -
143 214 17.00 45 1588 0 - -
144 214 44,00 48 118¢ 0 - -
143 1243 $.8% n 2052 0 - -
146 .25%0 5.00 (] 5000 3388 4,7 -
147 250 30.00 0 3879 kDY) - -
148 +250 30.00 60 3897 2335 - -
149 .250 30.00 60 5350 5986 2.7 -
150 «250 60,00 60 8756 5769 2.0 -
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Datun
No,

131
15
133
134
133
15¢
19
138
13
160
161
162
183
104
188
166
147
1]
18
170
imn
1
173
174
173
178
mn
178
179
180
181
182
183
184
183
186
187
188
189
1%
191
192
193
194
183
194
197
198
199
2090

n.(.utnl) J(degrees)

Table XVIIL
Materisl Fragmant
Thickness Woight
a(inches)

330 120.0
250 240.0
«230 240.0
+250 40.0
282 107.0
202 2,69
266 2.488
+266 2.68
20 5.08
270 30.0
270 30,
+310 0.0
170 120.0
100 17.0
.88 .0
300 7.20
302 7.20
301 .20
302 7.0
+302 7.20
.302 7.20
317 3.88
0 1202.0
340 17.0
A2 3.8
JIA2 17.0
Y ) 12.0
+378 207.0
+384 12.0
48 147,0
1463 13.0
+48) 3.0
N 1] 30,0
482 44,0
483 44,0
4086 828.0
490 17.0
+490 17.0
w490 17.0
+A490 12,0
491 44,0
491 400.0
693 64,0
497 207.0
497 800.0
499 600.0
500 10.0
Sw 30,0
. 300 30.0
500 3.0

CONFIDENTIAL

EXPERIMENTAL DATA

obliquity

0
0
43
L]
0
0
3
AS
A3
60
10
70
70
0
0
0
0

43

£ 800l ol 8o8888000880c0000i8823c08282

ftviking

Velosit
V.(!pl

nn
3939
7
3396

8
339
7
3398
1397
8153
anyn
8110
30
1768
1409

om
4099
194}
4610
8
4833
2624
1004
2881
A48
1886
1234
1066
127)
1229
3a21
4903
3900
1937
1952

8¢9
2992
2626
3533
8433
2328
1009
2e08
1443

930
1030
4650
4579
4700

3830

|
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1 8Steal Fragments Impacting on Doron

Residual
Velocit
V'(!pl

1682
3
09
4317

4130
0
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EXFERIMENTAL DATA
Table XVIII: Sceal Fragments Impacting on Doven
Matorial Fragment geriking Residual  fesidual Wole
Datum  Thicknaas Weight Obliquicy Velocity Veloeity ‘taight Arca

No. s(inches:) n'(gul.nl) 0({degreas) v.(!po) vr(!pn) u‘(lntua) (eq. in,)

201 500 3.0 60 7102 1473 - .

202 +300 3.0 60 1980 - 6.63 -

203 300 3.0 60 10578 - 0 .

204 +300 60.0 0 3198 2189 - -

208 «300 60,0 0 3894 344 . .

206 «300 60.0 [ ] 7199 B} 1) - -

307 .500 00.0 “ ,607 - 20.’ .

208 300 60.0 60 7973 4597 .4 .

209 +300 60.0 20 6198 0 . -

210 «300 60.0 10 8164 - 2.96 -

a1l +300 60.0 70 8700 - 0 -

a12 +300 120.0 0 3862 - 108.52 .

an3 +300 120.0 0 a8 2761 - -
e 300 120.0 AS 3598 2131 . .

a13 300 120.0 70 1889 0 . ]
aie +300 0.0 0 74 1930 . -
7 .500 240.0 (1] 3648 2144 . .
i18 +500 140,0 [ D66 ale - -
219 .500 240.0 70 4719 2148 - -
120 +308 400.0 A8 1110 0 . -
m +623 240.0 70 830 4838 - -
22 3 400.0 A3 1497 9 . .
113 JJed 400.0 L) 1938 0 - »
a24 AL 207.0 0 1446 0 - -
228 730 30.0 0 5229 . 27.72 .
226 +750 60.0 0 6037 - 46,08 -
127 +750 120.0 (1] 3043 - 102,61 -
228 +730 240.0 0 3529 - n .
229 J% 260.0 60 4229 - 221,50 -
230 L7490 240.0 70 5483 2 - -
23, idd 400,0 0 1436 0 - -
232 182 000.,0 0 1384 0 - -
233 2793 207.0 0 1762 0 - -
234 7138 207.0 180 1873 0 - -
238 J37 17,0 0 4330 0 - -
136 757 46,0 0 ol 0 - -
2 763 600.0 43 1493 0 - -
238 963 207.0 A3 2331 Q . )
239 966 402.0 0 1763 0 - -
240 966 000.0 0 1364 0 - -
241 +998 44,0 30 4143 0 - -
242 1.000 30.0 0 4769 0 - -
243 1.000 30.0 0 6999 1999 - .
244 1.000 10.0 45 ma 2013 - -
245 1.000 6.0 60 105908 0 - .
246 1.000 60,0 0 5038 - 41.67 -
267 1,000 60.0 0 7376 2627 - -
248 1.000 66,0 60 8929 4829 - -
249 1.000 60.0 70 100008 - 0 -
0 1.000 120.0 0 5010 - 79.7% -

2: Estimateod
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Datum
No.

31

Table Xvill
Matericl Fragwmnt
Thicknass Weighe
a(inches)

1.000 120.0
1.000 240.0
1.000 260.,0
1.900 473.0
1.02% &,0
1,400 0.0
1.4% 0.0
1,448 600.0
1,460 430.0
Bt Setimated

CONFIDENTIAL

RXPERIMENTAL DATA

18tasl Pragments lmpacting on Doron

Strihing Rasidual

Obiiquity Veloait

n.unl.m) o(degrees) v.(ﬂu

15008
3940
0
5147
4173
04
110008
1)
W40

CONFIDENTIAL

Vel

Ve

3

]
o
00.80- s

aciLy
(fpe)

et e A RN e i s SN Peli ¢

Residual
Welght
a, (oraine)

152.0
8.30
aN,0

R PR

Araa
(..l ll\.)

¥ MmN A B M R

‘;]:if{iﬂlmigé"ﬁﬂ.iannw ,.



o

PGB E »ea~-

'~"'
1 Vg oy L L T ‘
‘ e “
CONF: JENIAL :|
2% !
Bl IMENTAL DATA w
L}
coode REIR 0 Bteal Prapgmecie Impavting on wllet Registant Glase i
Moioadl Py oant Striting  Restdual  Residual Hols i
L ane 4 Welgh. ) SRRTN 1) Val:city  Valooit Waight Ares |
wirehens  mo(avalns) L 1ivicne)  V tipe) V,(!n; o (gralns) (oq. tn.) |
. 30.0 0 87 120 9,8 . :
AL 3.0 0 481 es . . ;
18 00,0 0 (T “n . - !
8 60.90 43 o7, "/ . . '
8 60,9 70 3 4373 . .
is $#0 .0 0 090 0 a3 - ]
18 0.0 0 111 5188 . - l
I Woo 43 je12 o000 . . :
Y | U040 10 v 101) tRIY ] a !
1Y) 140, 10 S84t b11Y) - .
+133 18,0 % 5006 ¢ 0 . . |
489 3.0 70 so0e 0 . - !
%} 0 43 31z 1310 .8 03 !
N} 10.0 ® 376 1003 7.2 W11 I
13 30.0 0 L1V bl ] YR o3 ;
n” 10.0 ° "’6 Tm ‘0. .“ '
43 3.0 1 ] 999 348 9. - l
o3 30.0 (1] 1106 F141] s -
R 30.0 0 7019 19 . . |
o3 80.0 ¢ e 43 59.3 . :
g 240.0 ] 1 0 9.0 - ;
436 e a At [T | 342 . - t
AN Y 0  J} ] 476 0.3 . !
4N 0.0 43 %89 L)) .3 .
23 60.0 10 3308 2386 . . |
103 30.0 AS 5674 3009 U - 1
+168 3.0 7 3703 31 - - !
493 3.0 0 1064 ] 9.3 . !
500 .0 10 082 0 - - ;
%00 90.0 70 8129 2941 . .058
cain 4,0 70 8760 1348 1.0 1198 :
S 10,0 43 2683 0 . - :
33 20,0 0 (Y] 1020 2.0 03 i
.33 3010 IO 07?‘ - 0 .01 '
R 6.0 0 1096 163 5.3 - ;
33 6.0 43 $340 2033 24,0 10 i
N 60.0 70 4510 - 0 - ;
93 60,0 20 8732 - 0 22 i
83 60.0 70 9268 - 0 - i
9 120.0 a 3478 2008 116.3 .08 i
1N 120.0 70 3320 . 0 2,83 i
.33 120,0 70 6333 - 0 .29 ¢
.5 240,0 n 3388 2308 232.0 .14 {
33 240,0 0 4n7 3130 228.0 W11 .
.53 240.,0 a 3891 4160 9.1 .28 :
.53 240,0 70 8379 1000 25.7 91 3
534 240,0 D 756 U 439.0 - :
.538 120.0 0 5925 3083 - - !
542 30.0 0 2630 540 29.0 -
S42 60.0 48 1578 1498 - -
§
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No,

i Atesl Fragments Impacting on Bullet Renistant Olass

CONFIDENTIAL

FAPERTMENTAL DATA

striking  Aesidual Restdual

Obliquity  Velooit

u.(;nl.nl) Otdograss) v.(m

Table 1R
Matorial Fragwent
Datum Thickness Weight
a(incaan)
1,000 30.0
1.000 0.0
1.000 0.0
1.000 0.0
1.020 13.0
1,020 3.9
1,020 0.0
1.020 120.0
1.420 180.0
00 120.0
1,020 .0
1.0%0 0.0
1.020 40,0
1.5¢ 470.0
36 473,0
1.9¢ 473.0
1,96 4770
1.9 8.
1.90 60.0
1.50 120.0
1.58 120.0
1,50 140.0
% w00
1.60 3.0
1.40 60.0
1.t* ~ARL0
1 o .0
1.633 44,0
1.623 240,0
1,618 140,0
1.618 240.0
Bt Sotimated

8873
a2
8030

8200080038008 508033808200c00808a
;]
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Velooit
V'( fps

0w
0

1; ]
0
1033
m

Hole
Velght Ares
g -‘,(nut-.a) {ags in,)
30.. l‘ol
0.3 -
. 028
°l, -
0 % 1
- ¥
118.8 -
1200.0 101
3.1 N
AT6.9 28
0 33
0 ™ L
) 0
1.9 1,09
1.3 3,73
0 2,43
0.3 243
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