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ABSTRACT

Perforation data for steel fragments Impacting on each of seven non-

metallio materials have been collected and 4.nelyzed. The expertmenral data

are characterised by compact fragmenta wuighl.n five to 825 grains, striking

velocities as high am 12,000 feat per second, and obliquities of strike as

high as 70 degrees. ImpLri~al formula$ of a gLven t.,pe hava been fitted to

the data oat each target material, thereby relating fragment residual veloa-

tey and residual weight, In separate equations, to Important Impact parae

stores

The two sets of foinulas, used Joingly, serve &a a baols for several

extensions or applications such is 1) a comparison, fot equal weight of

Larget per unit area, of the resistance of target mnateriaL4 to perforation,

2) a calibration of the resistance of a target material to perforation tn

term of the maximum thickness of a standard medium that the rhoidual frag-

ment can perforate, and 3) a determination of the effect of an ..ntermedi-

ace barrier on the potential of a fragment to damage a primary target beyond

the barrier.
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INTRODUCTION

Yor several years, this laboratory has been participating in

pinqtras sponsored by the Weapon Systems Laboeatory, Ballistic Research

Laboratories (BRL), to supply information for vulnerability analysts and

weapon designers on the resistance of various materials to perforation by

steel fragents and projectiles. All of these matcrial& have military

significance but do not nacessarily conetituto primary targets. These

materials are representative of those used for body-armoeing, transparencies,

and special functions. Their ure may be justified because they have som

property or properties necessary or dges1.able for a given function or

structural purpose. For example, bullet-resistant glass to a standard

windshield material in aircraft aircraft canopies are often made of Plexi-

Slams, as cast or stretchedl a packaged pArachute contain@ a large number of

folds of nylon sloth. These materials might offer considerable resistanes to

an Impacting fragment. A vulnerability analyst suet contend with the problem

of determining the extent of protection afforded by these mater&aes in situ

even though the primary function of the&, materials may not be one of armor-

ing.

A substantial amount rPf InLvestigation is being made to devLse

light-weight urmoring mater.als which offer more protection, - to personnel,

for ex.mple. Several composites (combinations of two or more materials) as

well as entirely new materials are being examined. For comparing the resist-

ance of IUght-weight materials to perforation by fragments, it becomes

necessary to establish a firm measure of the resistance of certain basic

materials to perforation. This report should help to meet this t,.ed while

suggesting a rational method for a romparison of materials in this particular
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respect.

Several reports have been published by this laburatory dealing with

the teoistanne of materials to parforation by fraamwnto and projectiles.

The deniSnatiOne dtld titles of these reports are outlined in Table 1. A

recent report, Technical Report No. 47, is similar In ieope and format to the

present one, but deals with a sample of ten metallic materials while the

present report evaluates the resistance to perforation of seven non-metallic

materials.

The bulk of the experimental data required to furnish information

on the resistance of these materials to perforation has been provided by NIL.

Data from other sources such as a) Army Cheadcal Oenter, Edgewood, Md.. b)

Watertown Arsenal Laboratories, Watertown, Mass., a) Development and Proof

Services, Aberdeen Proving Ground, Md., and d) Midwest Research Institute,

Kansas City, Missouri have supplemented the baoic sample| together, these

data make this study possible.

A listing of the experimental data is given in Appendix 1. Whereas

morn than one not of homolngoua steal fragments was -sed (f the experimental

work, all of these fragments can properly be classified as compact and

reasonably alike In shape. •ne shapes of those fragments can be described

simply as cylinders, cube-on-cylinders, or near-cylinders.

Studies in the realm of fragment and projectile impact are continu-

ing at this Laboratory. The resistance to perforation of composite materials,

spaced materials, and now materials is being examined. The relationship of

hole size in the target to Impact 1)aram:ters is receiving some attentf n as

well as the weight, velocity, an d spatial distributions and the number of

pat Liules ormed from an impact. The influence of certain projectile
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parameters on t~hn performance of the projectile is being investigated. Im-

pact data for bullets, flec|.ettes, and other projectiles are being collected

for study, In this respect, reference is made to a current Ballistic

Research Laboratories Memorandusn Report entitled "An Empirical Method for

Pradicting Target Penatratizna and Residual Velocity fot Small Bullets (U)".

An imlortant conclusion from this memorandum suggests that whenever the

projectile remains essentially intact after impact, its performance seem to

be directly related to the weight and the presented area of the entire pro-

Jectile.

The ob.jectives of this report are: 1) the consolidation, revision,

and extension of informatin- pertaining to perforation of seven non-nmetallic

materials by steel fragments, 2) the development of empirical equations

permitting 'istimates of the residual weight and velocity associated with the

largest portion of steel fragment that perforates the target material, 3)

the extension of thesot empirical equations to provide estimates of siniimm

velocities for which perforation is possible, 4) a comparison of the resist-

ance of non-metallic materials to perforation by steel fragments, and 5) the

determination of a measure of the maximum expacity nf the residual fragment

for additional perforation assuming, Initially, the perforation of a non-

metallic barrier target with known impact parameters.

The main taec'inque of the work for this report is outlined as

follows:

a. Obtain for each targdt material a small sample of approximately

fifty data points spanning the impact conditions of interest. These data

points should include a careful recording of all the important parameters

describing the impact condition as well As measurements describing the result.
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b. Fit indopendeunt equationa of a givan typo to the raw data to

permit initial estimates of residual weight and residual velocity for the

largest portion of fragment perforating tne target.

c. By comparing actual with calculated values for residual weight

and actual with calculated values for residual velocity, determine impact

conditions for which the variation between actual and calculated values Is

unduly large.

d. Repeat steps b and ao ,fter the results of neo impact conditions

are included for testing, to provide a firmr basis for reporting.

a. Provide graphical information which renders the equations more

useful. Combine the information from empirical equations for several

material& onto a single set of graphs for the oaks of compariaon ef target

materials, while appropriately absorbing Inequities in aomparison due to

differences in densities of the target material#.

This technique finally provides a practical set of formulas for

each material for the prediction of a) minimum velocity for which perfora-

tion Is possible with given fragment weight and shape, b) residual velocity

and weight when perforation occurs, 4nd c) impact conditions for which the

fragment will shatter completely. These formuLas are especially useful

whenever good predict.....s are needed over broad ranges of impact parameters

rather than when pin-point accuracy is neded for a few specialised sets of

impact conditions. Thr :..laa include the important impact parameters and

are established with relatively modest experimental effort and expense.

The target materials selected for inclusion in this report are

listed In Table I1 which follows. Table III summarizes the characteristies

of the experimental data for each target material. Table IV provides the

dimensions and weights of the fragments used in the experimental program.
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b. Fit 4ndopendent equations of a diven type to the raw data to

permit Initial estimat•es of residual weighc and residual velocity for the

largest portion of fragrmnt perforating t.he target.

a. By comparing actual with calculated values for residual weight

and actual with calculated values for residual velocity, determine impact

conditions for which the variation between actual and calculated values it

unduly large.t

d. Repeat step% b and u, after the results of now impact conditions

are included for teasting, to provide a firmer basis for reporting.

a. Provide graphical Information which renders the equations more

useful. Combine the information from empirical equations for several I

materials onto a single set of graphs for the sake of eomparisou 6f tuge|t

materials, while appropriately absorbing inequities in comparison due to

differenees in densities of the target materials.

This technique finally provides a practical set of formulas for

each material for the prediction of a) minimum velocity for which perfora-

tion is possible with given fraoment weight and shape, b) residual velocity

and weight when perforation occurs, and c) irpact conditions for which the

fragment will shatter completely. These formulas are especially useful

whenever good predictions are nweded over broad ranges of impact parameters

rather than when pin-point accuracy ic needed for a few specialized sets of

impact conditions. The formula@ include the important impact parameters and

are established with relatively modest experimental effort and expense.

The target materials selected for inclusion in this report are

listed in Table Il which followq. Table III summarixes the characteristics

of the experimental data for each target material. Table IV provides the

dimensions and weights nf the fragments used in the experimental program.
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EltIRICAL REIATIONSHIPS

The resistance of a material to perforation by steel fragments has

been measured is, nany ways. Here, the assumption is made that this resist-

ance can be related to the losses in weight and velocity sustained by the

fragment during perforation. Accordingly, experimental data have been

collected for steel fragments Impacting on each material of a variety of

non-matallio target materials. Those data cases where perforation vas

achieved vera singlad out for the analysis. Measuremente of both the

residual valouity and the residual weight were recorded. These measurements

refer to the largest piece of the original fragment which perforates the

target material.

In Technical Repoze %. ... (see Table 1), a method to described

for obtaining empirical equations from residual velocity data to relate

residual velocity to important impact perimeter,. The type of equation

proposed ill

%? a cc
Vr = a 10. (eA) Ms (see 9)7 v a

whore Lis Lhe fragment residual velocity in fps,

Va is the fragment striking velocity in fps,

a is the target thickness in inches,

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

i Is the weight of the original fragment in grains,

G is the angle between the trajectory of the fragment end the

normal to the target material, and

c, a, P, y, )6 are constants determlned separately for each mararial.

The derived values of the constants specifying the estimating
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equation for fragment residual velocity for each material are tabulated In

Tables V and VI of the Results IeatLn.

The oxponenLial form of this equation is simple, yet it Includes

the important impact parameters. The form has Le abddLtLoual], mertt of being

oonvertible into a corresponding logarithmic form which is useful because of

its linearity.

For a comparison of the resistances of tar&iAt materials to perfora-

tion by fragments, it has been found useful to replace a, the thickness

parameter, by another variable, I, in the estimating equation. The new

variable refers to the &real density of the target material and is measured

in pounds per square foot (see Flgure 1). It is obtained by meutLplyim. the

tearet thickness Ln feet by nhe density of the target material In pounds per

cubic foot. By altering the formulas so that the thickness parameter Ls

replaced by the areal density parameter, it become possible to compare the

resistances of target dsterials to perforation on the basis of equal weight

of target per unit area. For such a comparison, refer to the section

entitled "Measuring the laximnui Capacity of the Residual Fragment for

Perforation".

The criterion for goodness of fit of the estimating equation is

the magnitude of a defined below. If I V li Is the magnitude of the error

made in estimating the fragmen residual velocity in the i-th set of V sets

of experimental conditions. then

NZ Iar I I
2
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It is undetstood that the selection of fit for each target material

is made to correspond with the lowest obtainable value of a. The value of a

for each residual velocity estimating equation is given in Table V of the

Results Section.

In order to obtain an empirical formula for estlmting r-sidual

velocity for steel fragments Impacting on each target material, the basic

formula Is converted into the associated common logarithmic forms

log(Ve . Vr) uo4+Clo8(sA) +I logs+y loosse@ S+ X log V.

Vith this linear form, the msthod of least squares is employed to determina a

satiefactory set of values for a, a, S, y, ).. Admittadly, this procedure min-

1mmas. 8, defined below, rather then o, where

N 2

2 [lo (AV) o

and (AV) is the fragment loss in velocity as determined from the estimet.ng

equation and 66'9)i is the actual fragment loss in volooLty, both numbers

referring to the i-th experimuittal set of impa.•t 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 fit

of the estimating equation. Experience has shown, hoveier, that the minor

improvements obtainable do not Justify the effort.

For the type of equation assumed, it is possible to solve for Va

when V Is zero. This striking velocity shall be designated V . The constants

which define the Va equation for e.&6h tar&est material are specified in Tables

VII and VIII of the Results Section. The significance of V0 has been

astablished in previous reports by this laboratory where V has been found
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to be a good analytical approximaition to the protection velocity; the latter

is defined to be the highest striking velocity below the ballistic limit for

which the probability of perforation is szre. In other words, the V values
0

are estimates of the limiting striking velocities for which the target always

prevent# perforation by the fragment. A set of graphs featuring V values

for each target material is included in Appendix A.

In an analogous manner, an enpirical equation is developed for each

target material for estimating fr&3msnt residual weight. The form of the

equation fitted to the data for each target material is

"." ", "IO1 ("A)= M (see 0)7

where the only now symbol is iN, the weight in grains of the largest portion

of steel fragment perforating the target. ob ncoommadate a similar least

squares treatment on the associated logarithmic equation. the assumption is

"mde that the minimum loss in fragment weight is one-tenth of a grain rather

then zero grains. The criterion of goodness of fit is a* defined below. If

lborliis the magnitude ,it the error in estimating the fragment residual

wnight in the L-th set of M sets of experimental conditions, then

N

The values of the constants specifying the equation fot estimating fragment

residual weight for each target material are given in Tables IX and X of the

Results 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, serves as a goo' measure of the resistance of the
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target co perforation and the capacity of the residual fragment for perforat.

ing another target. As the striking velocity inczeases, the break-up of the

fragment becomes more and more pronounced untiltinally, this aspect of the

impact has to be taken Into accounte. he residual weight of the fragmnt

seet be determined s well as the residual velocity before a proper estimate

of the capacity of the fragment for perforating another target io possible.

Fragment recovery after Impact Is accomplished by the use of a bank

of fiberboard (Haftex) sheets. The residual fragment is located within this

bank and weightad the depth of penetration of the partiale Into the Neftex

ia recorded. 1ore refined techniques and other recovery materials ao In use,

but recovery in Haftax was adopted "e the met practical inthed for this

study. The weight of the residual fragment together with the depth of Pmo-

tration Into Neftax suggest a striking velocity on the Neftex which serves as

a tough check on the residual velctity recorded for the fragment* kren this

simple recovery technique is tedious and tis-coneuiruin but for the objee-

gives of this report# the derived information was deemed important enough to

outweigh thenae disadvantages.

In many experimental cases, the weight of the largest place of

restdual fragment approximstes the total weoiht of fragment perforating the

barrier target. At any rate, the capacity of a fragment to perforate a

primary targat beyond an Initial barrier can be conservatively estimated by

considering only the largest place of fragment which perforates the barrier.

This approach is justifLed whenever the hypothetical primary target is one

for which damage from the impact of small, slow-meving particles Is not

anticLpated, i.e., damage to such a target will essentially be that caused

by the largest, fastest particle that impacts on it. xamples of such tough
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primary targets ar, the internal components of guided missiles and aircraft.

These aosposaert are often large and difficult to protect, so they contribute

heavily to the vulnerability of the target complex.

On the other hand, when a large, hypothetical, primary target is

extremely vulnerable to impact, even from a small, slow fragment, then a

solution based on the largest, fastest fragment In helpful but incomplete.

A typical highospeed impact may result in one main fragment particle, several

smaller fragment particles, and, possibly, hundreds of spell particles of

variable size Issuing from the rea surface of the target. I any one of

any of these particles can kill the primary target, then It becomes

necessary to account for the total number, simes, and veloeitte of these

particles before a proper maur, of the damage resulting from the impeet of

the original fragment can be made.

in the laboratory, it is more practical to keep track of the

largest portion of residual fragment then to recover every portion of

residual fragment regardless of mise. Ideal Information would provide the

veight, speed, and direction of esah particle of the original fragment that

sucessfully perforates the target material as well as the weight, speed,

and direction of every spell particle.

Sets of graphs for estimating both fragment residual velocity and

residual weight are presented in Appendix R. The use of double or6inates In

these graphe requires some explanation. Two sets of thickness contours are

to be found on each graph of this type. The thickness contours drawn with

solid lines refer to the left-hand ordinate; the dashed contours refer 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 shovn unly where both

ratios are non-negative. The dotted lines on these graphs suggest th& the

associated residual velocities apply to a partiale of insignificant weight

(no more than one or two grain@).

No comitment Is made on the spell particles which are formsd from

the plate autarial. Limited observations of spall patterns reveal wide

experimental fluctuations in the number. eiss, and velocity of tbe spall

particles from one round to the next where the same Impact conditions are

employed.

The previous remarks emphasuie the need for using the empirical

equations for residual weight and residual velocity jointly. In this way, it

become apparent where the rewi.Jts are valid. The double-ordinate graphs

clearly display the regions of validity, i.e., where both mr and Vr are non-

negative.

An alternate form of the estimating equation for predicting frag-

ment residual weight Lt

(1) a r a 0k 0 a m (se 0)7 V

The omission of the parameter A, the average presented area of the

fragment, implies that fraoments of a fixed shape are under consideration.

In a manner similar to that used in developing a V0 equation from

the eatimating equation for predicting residual velocity, an auxiliary

equation is developed for predicting conditions for which the fragment

shatters completely upon impact.

a1t m - 0 in equation (1). Let the value of % corresponding to

this condition be called m . Then
0
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(2) % a k (o) V

Equation (2) produces estimates of Impact condi•ions for which the

fragment shatters on impact. For discrete scts of values of e, 0. and Vel

values of a0 are generated. Sash set of values of m0 as, 9, and V satisfy-

ing equation (2) defines an Impact condition for which the fragment to

expected to disintegrate during the pertoration of the target. Before this

result can be accepted, It oust be ascertained that V V0 oorresponding to

the remaining values of the parameters a, ms, and S.

To Illustrate, a graph Is provided corresponding to the impact

condition of aeOS", 0 a 60P, with luIlteRe-sistant Glass as the 8arget. Zn

Figure 2, the Vo contour for this condition is shoewn as well as the "shatter

contour". These contours divide the am, V% plane into three regionei 1) no

perforation, 2) perforation with NU ý 0, and 3) puerforation where Ut a 0.

This figure emphacis*@ the fact that the predictions of impact conditions

for which the fragment will shatter are valid only when target perforation ts

anticipated.

Values af the constants defining the %o equation for each of

several target materials are given in Table XI. With two of the seven target

materials, these constants are not given since the fragment bresk-up data for

these two target materials vera inadequate to establish such equations. For

such materials, the higher atriking velocities necessary to establish the

values for these constants could not be achieved with available experimental

facilities.
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RESULTS'

The empirtcal formulas developed fr'om the experimental data on each

of the non-metallic targets for the purpose of estimating residual velocity

are of the form:

V - 10, (*A)a A (doe A)7 V

The values of a, a, p, y, and )6 are tabulated in Table V fow eash

of the non-metallic targets. In addition$ the sample lse N of experisenul

data and the value of a are dinplayed.

For fragments of a given shape, these formuls Gan be simplified

by remeval of the impset paraneter A to the forms

V a V o .0 * (see )

since for any fragment shape approximating that of a regular convex poly-

hedron, the average presented aea is nearly directly proportional to the

two-thirds pover of the mass.

Note that whenever a form of the estimating equation is desired

whtah omits the impact parameter A, then some assumption has to be made about

the shape of the fragments under consideration. When the fragments under

consideration are similar in configuration to those used in the experimental

work for this report, it can be assumed that the simplified equations, graphs,

and conclusions based on the master estimating equations are valid. Zn fact,

extrapolated predictions from these equations for bullets with lead, steel,

and tungsten carbide cores show good agreement with experimental results.

If the fragments under consideration have large length-to-diameter ratios,
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like some fla•hettes, then these estimating equations may not apply# The

euperimental data which have been used to fix the estimating equations involve

compact fragments, I.e., fragments vith length-to-diameter ratios alose to

rnity. The simplified equations for non-compact fragments would be different

from these used here since so-- new relationship between average impa.L are

and fragment weight would be appropriate.

The values of c*, s, A*, y, and X for the equations associated with

compact fragments are tabulated in Table VI.

The Vo formulas derived from the empirical residual velocity

formulas are of the form:

vO loc1 (eA)lm (M seeS)1  .

The values for all c1i, IS1, and 7, for each target material are

tabulated in Table VIT.

For fragments of a given shape, these formulas can be siLmplLfied,

as before, to the formt
at cc 01

V o°10 a m, (seee)

The values of ac. i, 1, and 7, for the equations associated with

compact fragments are tabulated in Table V1I1.

The empirical formulae developed from the experimental data for

the purpose of estimating fragment residual weight are of the form:

S- me - 10i (m&)* me 0 (sea 9)7 c

The values of a, a, 1, 7, and ). are tabulated in Table 11 for each

CONFIDENTIAL



CONFIDENTIAL
-20-

target material. In addition, the sample sise Ni of experimsntal data used

to obtain the residual weight equation and the associatsd value of a eae

noted.

For fragants of a given shape, these formula can be simplified

by removal of the impact paremeter A, as balore, to the torms

a-ns - 10 so* 1(&** ( ) V

The resulting values of a Co 13 0 *, and X for the equations

assoelated with comat fragments are tabulated In Table I.
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The Interaction of V. Estimates with Estimates
of Impact Conditions for Fragment Shatter

Target Mutertal, Bullet- Resistant Glass Obliquity, 0 a60
Target Thickness, e, 0.50"
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Fig. 2
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ADAPTAT1U43 TO VUWIIIMBPILIT ANAL!,3

The vulnerability analyst, calculating the affeets of a hypotheti-

cal fragmenting weapon as used against some priaary target, usually relies on

experimental evidence from fragments fired singly against facsimile or mock-

up targets. The tarsoe is considered as an assembly of sets of vital seepo-

nents shielded by structural "shell" members or other componentso Firings

are conducted to determine the level and extent of damage required to "defeat"

or "kill" each vital component under v&rious kill criteria. These firints

provide the basis for an empirical formula relating the acnditional probabil-

ity of killng each vital component, ilven a hitto some appropriate funtion

of the weight and velocity of the Impacting fragment.

Assumngn that suchk• relationship Is establishedoe ON •n pioceed

with the analysis when the tmpaet weight and velocity of the fragment &et

known. If the fragment Impinges first on boms barrier target, then it is

important to be able to estimate the losses sustained by the fragment in both

weight and velooity during the perforation of this barrier.

The advent of guided missiles and other space targets has forced

vulnerability analysts to consider higher and higher impaet velocities. With

these higher striking velocities, the fragment tends to break up move and more

while is is perforating the target. While the significance of fragment

break-up for various specific conditions of Impact has been acknovledged for

some time, there has hitherto been little quantitative evidence to) acco'ant

for this aspect of impact on non-metallia targets.

The present study makes it possible to account more fully for the

effect of barrier targets, as represented by any one of the seven non-metallic
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materials, on Lhe original fraiment. The appropriate estimating equations

can be used to provide estimates of the effective fragment residu#l weight

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

evaluate any suitable function of fragment weight and velocity to determine

the probability of killing a particular component. It is, of course, the

responsibility of the analyst to determine the function o1 frAsmgne weight

and velocity to be used wtth each component type. The function that ts

ohosen will depend on the type of component and the criterion for damage.

Finally, the corresponding probability of killing or incapacitating the

primary target io obtained.

Zn graph let III of Appendi• G, for a fined combination of a a 0,

and Vs, four diftarent functions of % and Vr are plotted against target

areal density. Those graphe serve to show that the ordering of the tontoure

for the target material* varies with the function of m, and Vr being used*

Therefore, any comparison of the resistance of target materials to perfors-

tion, using as a basis mom selected func.(on of Nr and Vr, tos weakened by

this arbitrary selection. Nevertheless, sem. particular function of %1 and

V1r my be entirely appropriate as a measure of the probability of killing a

given component.
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MEASURING THE K4AXJIM4 CAPACITY Of THE RESIDUAL FRAGMW T FOR PERFORATION

Establishing minimum requirements for perforation of these non-

meLallic iuaterials is needed, but this knowledge is hardly useful in estimat-

ing the capacity for adaitioral porZ•Q t$. whan theta minimum requirements

aro exceeded. A technique for measuring this capacity for additional perfora-

tion will be discussed In this section. This technique was first deesrLbed

in Technical Report No. 47.

Usually, the non-metallic materials are not themselves primary

targets, so their perforation by fragments is of Interest mainly in the sense

of the resulting changes in the characteristics of the fragment during per-

foration. The two outstanding c•hracteristlcs which determine the capacity

of a fragment for perforation are the weight end velocity of the fragment.

Thus, it is important to be able to estimate the Losses in both fragment

weight and velocity doiring perforation. When these factors are properly

estimated, it beaome. possible to make a first-order approximation of the

maximum capacity of the residual fragment for perforation. With the advent

of fragment break-up, It becomes necessary to compromise in this matter by

assuming thet this capacity can be estimated by considering only the largest

piece of fragment which perforates the target material along with the

associated residual velocity. This compromise still provides a useful

masure of the capamity of the residual fragment for perforation, since the

largest portion of the residual fragment Is the only portion that matters

for the tough primary target. These tough primary targets exist and are of

major con-arn to vulnerability analysts and designers of weapons.

By means of the empirical formulas developed for relating fragment

residual velocity and residual weight to the main impct parameters, one can
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make satisfactory estimates of the values for these two parameters. Admitted-

ly, spell (particles of target material) and particles of residual fragment

other than the largest part~cle issuing from the target material at time of

impact are not considered. Usually, the most lethal element resulting from

an impact for which there is a perforation is the largest particle of

residual fragment. This is the partiale whieh meot regularly penetrates

deepest into the recovery target behind the target material in the experi-

mental work.

The empirical formula@ feature a single exponent for the produat

of target thickness and average presented area of the fragment. This, tn

tffeoteugests that if certain results are anticipated for a given impWat

aondLtion, than the same results should be expected for, say, an impact

situation where the target thickness is halved and the fragment shape is

altered so that the average presented area is doubled. As long as the prod&

uct of target thickness and fragment presented area remains aonstant, the

same results are expected. This assumption has been found tenable at least

for those fragment shapes which are not distantly removed from compact shapes.

Initial efforts to compare the resistanc,. of target materials to

perforation used either fragment residual velocity or residual weight as the

basis for the comparison. Neither basis is entirely satisfactory. For

example, how does one compare the relative capacity for perforation 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 perforat-

ed, a more useful comparison of the LuaLsLance of ;.hese materiale to perfora-

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

For purposes of calibr-xcion. the simplest aspect (normal impact)

is assumed for the impact of the residual fragment on the calibrating matari.

al regardless of the angle of Impact of the fragment on the barrier' target.

The Impact parameters which determine the uapacity of a steel frag-

ment for perforation of a given medium include the fragment weLeht, velocity,

shape, and the angle of obliquity. stimates of values for the first tWo

parameters are provided by the empirical formulas. The shape of the largest

portion of a residual fragment is usually similar to the shape of the original

fragment whenever the residual fragment is of appreciable size. There is a

tendency for the fragment to be squashed and thereby rendered ltes compae t.

When there to considerable break-up of the fragment during the per-

toration of the initial target material, the residual fragment may have a

shape other then that which could reasonably be called compact, Zn such

cases, the residual fragment may have an average presented area (eseuming

randem orientation) several times that of a compact fragment of the seme

weight. It in also of importance to recognize that, for a non-aompact frag-

ment, there is a Rreater interval between the mintimm and the muxitmim nre-

sented areas than for a compact ftasmenr of the same weight. This Implies a

greater possible variation in oerformanme for the non-compact, residual frag-

mint against a given primary target,

Furthermore, recovered portions of fragments after impact reveal,

in many cases, a shredded appearance suggesting much less unity than the

original fragment possesses. Such a particle appears more susceptible to

further break-up on impact with a second target than a fresh, unfired parti-

cle of Lite same weight. This increased susceptibility to break-up no doubt
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results in a iower capacity for additional PIrfoiE&LuO.

The Importance of each particle formed from an Impact of a fragment

upon some barrier target depends on the vulnerability of the primary target

to particle impact. If the primary target is extremely sensitive to such

Impact, It io important to know huw many partioles are formed, #nd the veight

and velocity of each particle. It the primary target is one vhich is not

likely to be damaged by the Impact of small, slow particle@, thwn these

particles can be ignored.

The present report deals primarily with the characteristics of the

largest particle uf fragment origin resulting from impsat on a barrier target.

from the point of view of protecting the Primary target, it the primary

target can withstand the impact of the laresat, fastest-movinS partials of

frameint coriin, then it ti reasonable to nume that the primary target can

withstand the impact of all particles formed from the initial impast.

A basis is now offered for measuring the maximum capacity of the

largest porticle of residual fragment for perforation of a second medium.

The maximum thickness of this medium which can possibly be perforated by the

largest portion of residual fragment striking the calibrating medium at

normal impact will be used as the measure. To arrive at this measure,

estimates of the fragment residual weight ond velocity are required. To favor

the performance of this residual fragment, it will be assumed that this par-

title has the same capacity for perforation as a fresh, unfired fragment of

the same weight.

Sets of graphs, relating maxim=m thickness of calibrating material

that can Possibly be perforated to areal density of the non-metallic target

materials for each of twenty-seven combinations of fragment weight, veLocity,
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and angle of obliquiLy are displayud L. AppcndlA D. An aluminumfl alloy,

2024T-3. has been selected an a calibrating matorial since much oxperimentp.l

work in ballistic impact has been performed on this well-known structural

material.

Tn Appendix E, a similar net of graphs is presented using Maftex

as the calibrating material. Technical Report No. 50 (see Table 1) provides

a comprehensiva treatment of the resistance of Haftex to penetration by freg-

ments of any on. of several materials. 4

Under the assumptions which have been clearly stated, it to a i

simple matter to une these graph* to compare the resistance of the non- I

metallic materials to perforation by steel fragmmnts. For a given value of

&real dc•-ttty. the "beat" target material is that one for whioh the least

thickness of calibrating medium is needed to atop the residual fragment.

If the change in shape of the ranidual fragment and the veakened

condition are taken into aaenuant, lower estimates of mauLmm thicknesses of

the calibrating medium will result. For purposes of ompariion of the

resistance of the initial target materials to perforation, this would not be

necessary. The proposed technique does tend to over-estimate this maximum

thickness. Certainly if the distortion, change in shape, and weakened

condition of the residual fragment are taken into account, soma lesser thick-

nano of calibrating material will be found to be equally adequate in stopping

the residual fragment.

On each graph in Appendices D and 3, each of the non-metallic target

materials is represented by a separate contour. One might ask, how do these

non-metallic target materials compare with metallic materials 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 together, Technical Report No. 47 and the present report

provide the basis for a broad comparison of the resistanee rf various materi-

ale to perforation by steel fragments. The separation of materials Into tvo

odtsgoriee, metallic and non-metallic, represents an arbitrary method of

classifying materials. Insofar as resistance to perforation Is concerned, it

appears that some non-metallic materials show to advantage, for certain im-

pact situations, over metallic materials normally considered as armor. There

arm$ underetandably, many otheu factors to consider in the selection of a

material for ome partioular funeaton.
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CONCLUSIONS

1. fragment shatter (complete disintegration) upon Impact on non-

zatallic tagSets Is not likely unless the Imp~et condition to an extreme one,

e.g., thick target, high obliquity, small fragment, and striking velocity in

excess of 8000 fps.

2. Fragment break-up Is not as critical a consideration for Inter-

mediate ,•zLklng velocities Wi0h non-ImNaAL.11 targets as with metallic targets.

This beWng the case, the fragment residual velocity, alone, can serve adequate-

ly as a criterion In the comparison of the resistance of such targot mtera.

ae sto ballistic impact.

3. With Donded and Unhanded Nylon, used In moderate thicknesses

oorresponding to their military functions, it is virtually impossible to

locate iopat oonditltus which produce serious fragment break-up dvring the

perforation.

4. ?or remarks concerning the comparative resistance of the seven

non.metallis target materials, two different sets of graphs apply.

4'. The first set of graphs estimates the thickness of

caLbr•ating medium needed to setop the fragment which has Impacted

on a known target material with given 4real density. With such

"bast" :•rgot material Is that one for which the least

thickness of calibrating medium Is required to stop the residual i
fragment. Whether the calibrating material is 2024T-3 or Haftex,

the following observations have been made from such graphs:

a) At low velocities (ow 3000 fps), Unbonded Nylon

offers the greatest protection of the non-metallic

target materials, surpessing even the resistance
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aftared by 20247-3, a Lypical armoring materail.

b) At tntermediate velocities (. 6000 fps), a sur-

prising feature is that all the materiels considered

offer essentLally the same resistanee to perforation.

a) At high velocities ( 9000 fps) and for moll

fragments, Doron and Bullet-ReListant Glass se#m to

show some superiority over the other non-metallic

target materials. As the fragment sLxs increases,

this superiority tends to vanish.

d) At low velocity the resistance of Stretched Plexi-

gle ie s similar to that of P dlisle. 48 castj 1weor,

with Increasing fragment velocity, Stretched lexiglas

shows to increasing advantage over Plexiilas, as casts

e) Whereas Unbonded Nylon offers more resistance to

perforation than Bonded Nylon at low velocities, the

reverse is true at high velocities.

t) Among the transparencies, Bullet-Resistant Glass

appears to offer the most resistance, in general,

g) For certain Impact conditions, 2024T-3 Aluminum

Alloy, a typical metallic target m'terial, appears to

offer less resistance chan one or another of the non-

metallic materials. In fact, only at high velocity

and low obliquity, Is It demonstrated that the

aluminum alloy show. a clear advantage over the non-

metallic target materials.
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4". The second set of graphs relates V to areal donsity of

tatget. Again, a contour for 2024T-3 Aluminum Alloy has been in-

sorted on each such graph to compare the non-metallic target materi-

als with a representative metal, On the basis at the positions of

the contours on these graphs, the followiing conclusions may be drawn:

a) For impact conditions with low areal density of

2
target (K 5 lb/ft ), Unbonded Nylon and Daron offer

generally the m=t resistance to perforationj their

resistance is comparable to that of 2024T-3 Aluminum

Alloy for smuch conditions.

b) Per Impact conditions with high areal density of

target (8-1- lb/ftC), there is little evidence to

guide the selection of an outstanding target material.

This would suggest, that for such a range of areal

density, the tarset material @slected for a given

funactln would be selected on the basis of other can-

siderations, rather than resistance to perforation.

a) Plexiglas, as cast, exhibits somewhat more resist-

ance than Stretched Plexiglas for impact conditions

with low areal density of target; as the areal

density 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.

a) Generally, Lexan offers the least resistance :o

perforation of all the materials tested.
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Appendix A

Graph get I: Vo vs me for selected Values of a

Figs. 3-23

Note: Vo to the value og striking velocity, V., obtained from the esirical

formula& by setting the residual velocity, Vr, equal to zero. The signifi-

canoe of the V. values has been established in previous reports by this

laboratory where Vo has been found to be a good analytical approximation to
the protection velocity; the latter is defined to be the highest stuiking

velocity below the ballistic limit for which the probability of perforation

is seru. In other words, the Vo values are estimates of the limiting

striking velocities for which the target 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 material.
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Vo vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 00 Fragment:

Target Material: Unbonded Nylon Shape Compact

Mnterial: Steel
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Fig. 3
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 600 Fragment:
Target Material: Unbonded Nylon Shope.: Compact

Material: Steel
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Fig. 4
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 70* Fragment:

Target Material: Unbonded Nylon Shape: Compact

Material: Steel
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Fig. 5
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 0* Fragment:

Target Material: Bonded Nylon Shape: Compact

Material: Steel
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 600 Frogment:

Target Material: Bonded Nylon Shape: Compact

Material: Steel
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15000
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8000
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m,~ (groins)

Fig. 7
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Vo vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 700 Fragment:

"Target Material: Bonded Nylon Shape; Compaut

Material: Steel
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3000
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3000

6000

400 m

10 15 20 30 50 70 100 150 200 300 400
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Vo vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 00 Fragment:

Target Material: Lexan Shape : Compact

Material. Steel
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7000

-00- --

150001000

100

400
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m, (grains)

Fig. 9
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 60" Fragment:

Target Material: Lexah Shape : Compact

MaiterilO: Steel

WOO_

3000
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2000

15000

8000

600

400 - -

10 15 20 30 50 70 t00 150 200 300 400
M. (grain*)

Fig. 10
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Vo vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 706 Fragment:
Target Material: Lexan Shap.: Compact

Material: Steel
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m, (grains)

Fig. 11
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 00 Fragment:

Target Material: Plexiglas, as Cast Shape: Compact

Material: Steel
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Fig. 12
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 600 Fragment:

Target Material: Plexiglas, as Cast Shape: Compact

Material: Steel
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity., 70* Fragment:

Target Material: Plexiglas, as Cost Shape: Compact

Material: Steel
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ms (grains)

Fig. 14
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 00 Fragment:

Target Material: Stretched Plexlglas Shape: Compact

Material: Steel
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2000

1500
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1830
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Fig. 15
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 600 Fragment:

Target Material: Stretched Plexiglas Shope: Compact

Material: Steel
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Fig. 16

CONFIDENTIAL



CONFIDENTIAL
-56.

V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 700 Fragment:

Target Material: Stretched Plexiglas Shape: Compact

Material: Steel
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3o000 - - - - --

2000. --
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10 15 20 30 50 70 100 150 200 300 400
m. (grains)

Fig. 17
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V. v.s Fragment Weight for

Selected Target Thicknesses

Obliquity: 00 Fragment:

Target Material: Doron Shnpu'I Compact

Mateiial: Steel
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 600 Fragment:

Target Material: Doran Shape, Compact

Material: Steel
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V. vs Frogment Weight for

Selected Targe; Thicknesses

Obliquity: 700 Frogment:

"Torget Materiul: Doron shapeI Cor,,port
Material: Steel

10000

7000
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3000

;aooo -

I000 ,

1001000
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10 15 20 30 50 70 100 150 200 300 400

m. (groins)

Fig. 20
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliauity: 00 Fragment:

Target Material: Bullet- Resistant Glass Shope:- Compact

Material: steel
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Fig. 2L
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V.6 vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 60* Fragment:
Target Material: Bullet -Resistant Glass Shape; Comnpact

Materoial Steel
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7000 a
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2000

3 000

2 000

6500___
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M. (grainf)

Fig. 22
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 70' Fragment:

Target Material: Bullet-Resistant Glass Shape: Compact

Material: Steel
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V. vs Fragment Weight for

Selected Target Thicknesses

Obliquity: 60'0 Fragment:

Target Material: Bullet -Resistant Glass Shope: C, rpact

Material, Stool
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V,

2000

1 500

10001
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m. (grains)

Fig. 22
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Appendix B

V a
Oraph Set M, a8 an i vs. V for Selected Values of a* and

Ifigs. 24-86

Not The use of double ordinates in these graph* requires some explana-
tion. Two sets of thickness contours are to be found on each graph of
this type. The thickness contours drawn with soltd 11nes refer to the
left-hand ordirate; 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 positive. The
dotted lines on these graphs suggest that the associated residual veloci-
ties apply to a particle of insignificant weight. These remarks emphasize
the need for using the empirical equation. for residual velocity and residual
weight jointly. In this way it becomes apparent where the estimates are
valid, i.e., where both estimates nrP positive.
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Appendix C

Graph Sot III: f(mr, VY) va I

for a Particular Combinagton of m 0, 0, V@

rit•;2, 87-90

Motet Within thin set of graph., a contour for a particuLar material is

shown only for those values of the abscissa for which m r and Vr are both

non-negative. Furthermore, the contour@ aire not iugnificantly extrapolated

beyond the Interval of thLcknesses of target material emtpoyed in the basie

BRL experiments.
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f(mr,vr) vs E

for Various Combinations of m5 ,eOand V.

mina 100 grains e a 60 degrees V. '6000 fps

e(IncMs of B.R.GOlaeu

.016 .031 058 .0'S .156 ,2 .56 7S0 1.17

9.00

6.00

2

5.0

~.4.00A

U!

.5.00"

"2.00

gondedNylon ...... 2.\ Do 1.23
1.00

0.4 0.7' 1.0 2.0 4.0 ?.0 10.0 15.0
S (Iblft')

Unbanded Nylon - 3.31 Stretched Plexiglas -..... 2.OI
Bonded Nylon...........2.66 Doron .... 1.23
Lexan - 2.06 B. R. Gloss .. .... 0.O

Cost Plexiglas .... 2.01
tR~flt Of MateilO g IhlcknnSS Rnlltive to a UnIt Thickness of . R. 01698

f1t. 87
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f(mr,Vr) vs E

for Various Combinations of m. ,e~and V.

in,, 100 grains 6 a 60 degrees Ve a 6000 fps

e(Inces of BR Gloes)

.016 .031 .065 .06 .156 .312 .546 750 1.17

4.50---

2 Dur,,el --
* 3.00

" 2.50

:2.00 -

1.50

"",)r 0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0

Efib/fli)

Unbonded Nylon ---- 3.31 Stretched Plexiglos -...- 2.01
Bonded Nylon ......... 2.66 Doron 1.23
Lexan - 2.06 8. R. Glass . 1.00

Cost Plexiglas ..... 2.01
"PRoll* of Materiol Thlikness Relative to a Unit Thlckness of D.R. Gloss

Fig. 88
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f(mrvr) vs E

for Various Combinations of m, ,e,and V.

mao o00 grains 9 a 60 degrees Ve a 6000 fps

e4nuhee of IR..l,).1 . 0.. .00 "08.14.3 54 90 11
I.e - -"•..

" " -'-."- -, ,!1  - - l - ..........

:..' "; ', I- - --.-- , l l l
1.60

0' -Ura- - -

1.20,

0.4

4 0.4 0.7 1.0 2.0 4.0 ?.0 , 0.0 15.0
lElb/fti'l

Unbonded Nylon . 3.31 Stretched Plexiglas --...- --. 01
Bonded Nylon ........ 2.66 Doron . 1.23
Lexon - 2.06 B. R. Glaes s. 1,00
Cost Plexiglas .. .. 2.01

""N11tlto of Moteriel Thickness Relative to a Unit Th4knteb of S.0, .l.ee

nIs. 89
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f (mr, vr) Vs E

for Various Combinations of m, e, and V.

"ms 100 grains 'J "60 degrees V1 a 6000 fps

*(inchws of ,R, Oloss)

,018 .031 .055 .076 .16 ,31I 5 8 1.17

III Ir... .. zi I -

1? 1.20 - --- - -----

S•;~~ural •••

1.00 
N

K : o, eo------- -,"

0.60 - -.

0. .7 102.0 4.0 7.0 10.0 15.0
E~tb/ft

49 *

Uflbofded Nyllon - -- - 3.31 Stretched Plexiglas - -- 2.01

Bonded Nylon .......... 2.66 Doron 1.23

Lexon - 2.06 B. R. Gloss 1.00
Cost Plexiglas 2.01

*Ratio of Material Thickness Rlotatve to a Unit Thickness of B. R. Glass

Fng. 90
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Appendix U

Graph Set Zi a (inches of 2024T-3) vs I

for Various Combiastions of an, 0, and V3

pig.s 91-117

Notee The ordinate represents an estimate of the maximum thickness of
calibrating material that can possibly be perforated by the largest portion
of the residual fragment after the original fragmant has impatated itrltialty
on one of the given targeta. The assumption is made that the residual
fragment strikes the calibrating material at normal impact and that, fur-
thermore, the shape of the crigimin fragment is retained despite any lose
in weight.

On each graph in this appendix therp appears a value of ac. This
value is an estimaLe of Lhu maximum thickness oZ the calibrating material
that the original fragment can perforate, assuming normal impact and no
intermediate barrier.

The contours are limited on these graphs to 3.0" of 2024"T-3. This
represents the maximan thickness of this material that has bran considored
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 frag-
ments.
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e2o• 1., vs E

for Various Combinations of m, ,e,ond V,

n-, 30 grains 8a0 degrees V,,3000 fps

*(lncmhu of AR.Glass)
.016 .031 06 .076 .1 312 .546 780 .I7

045 --...

0,40

0.35 - - ---- -- --- -

!o.,o\ , - ,0.30- \i -

0.-5 -.....

Oural ,

\ -.

01.7 1 2.0 4.0 7.O -00 15.0

E(Ib/ft

Unbanded Nylon ---- 3.31 Stretched Plexiglos --..-- 2.01

Bonded Nylon ......... F.r.6 0014,... 1.23

Lexon - 2.06 B. R. Glass ........ 1.00

Cost Plexiglas 2.01

1Retio of Moleriol Thicknnss Relative to a Unit Thilkness of U. R. Glass

Fig. 91
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e2O24T-3 vs E

for Various Combinations of m, ,eand V.

no" 100 groins e '0 degrees Vs ,3000 fps

efinchas of B.R.Olosou
016 .031 .05 ,96 . 12 .546 70 1.17

0190

0.90

0.60 -lo

0.40

0.30 
%,4- 

- - -- -a - -

0.110

0.10

es, \.? .uX:l

.204 OT 102.0 4,0 7.0 10.0 15.0

*

Unbonded Nylon ---- 3.31 Stretched Pleig~las - -..- 2.01

Sonded Nylon...........2.66 Doron 1.. .- 23
Leo a- 2.06 B. R, Glass . .00
cost Pl ohigios- 2.01 2.01

*Retlo of MOteIloI Thickness Relatilv to a Unit Thih"OnesS o Iof 8- 6e1

Fig. 92
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e 2 O2 4 T.3 VS E

for Various Combinations of m.,,Gand V,

in-% 300 groins e - 0 degrees V1 u 3000 fps

e00nohes of BR, SI.)l
.016 .031 ON.070 M,156 312 .5 7

II

1.15 -

1.20

102 5 . . . . . 00 1.

0.O0 M a,

0.4B5..... 26 1.23

0.30 - \ "

0.5 urol-\. ,.

i20.4 0.7 1.0 2.0 4.0 ?-0 I0.0 15.0

E 0Ib/f t)

Unbonded Nylon --- 3.31 Stretched Plexiglos ...... 2.O1

Bonded Nylon ......... 2.66 Doron . ... 1.23

Lexon 2.06 B. R. Gloss . . 1.00

Cost Plexiglos -.. . 2.01

*RoIIo of MatetIal Thicknles Relative to a Unit Thickness of 8. R. Closs

F/g. 93
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e 2 07., T-3 vs E

for Various Combinations of m ,e,and V.

mil, 30 groins e '60 dogrees V ,3000 fps

I(inches of BROlaI)
.Ole .031 '055 .156 .i?.66 76

0.45 --

0.40 -

0.35 - - , " ,

~±0,250

"0.20

0.10 \ " . .

0 e . 0.47 " .' -

oa0.? 1.0 2.0 4.0 7.0 10.0 ISO
E(lIbftt)

Unbonded Nylon --- 3.31 Stretched Plexiglas .. 2.01
Bonded Nylon ......... 2.66 Doron W...... 1.25

Lexar, - 2 .06 a. R. Gloas s... 1.00

Cost PlexiglOs .. . 2.01

*wittlo of Material Thicknles Relotive to a Unit Thickness of a.Rft 910 -

Fig. 94
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020a,1.-3 vs E
for Various Combinations of m, ,e,and V,

no, 100 groins e ,60 degrees V, '3000 fps

e(Inches of I.R.Sloss)

.016 .Oll .066 .078M .

0 .9 0 --

0.60 %L L

o.s0

O.40- - -.- -S-

0.30--

0.20 Da -

0.10 0.73 . 4 -

q4 0,1 1.0 2.0 4.0 ?.0 10.0 15.0
E(Ib/ftt)

Unbonded Nylon ---- 3.31 Stretched Plexigloa .... 2.01
Bonded Nylon .. .. 2.66 Doron 1..... 1.23
Lexan - 2.06 B. R. GOolss- 1.00
Call Plexigloa 2.01

Ratoll of Material Thickness Relative go a Unll ThIcknoss of 1ER. 1 Iotes

TiSe 95
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e2O AT-. vs E
for Various Combinat ons of m, 0, ~andV,

M
in3 300 rains 18 a 60degrees V.* 3000 fps

-.
0F

0.60

Cost -lx~a T_ a.R ls - -_. .0

101
-WRbOnd NyOf j44C' 0cn*ktre11o to ched~ T 0Pl~I9 Of --.014--

96*

9ondedO~h NyloN DorA" 1
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e2o24T.3 vs E

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

rn, 30 grains a 70degreeu V1 , 3000 fps

e(lnMhee of .R.Sae)

.016 .o01 .055 07 .1 .. 2o .17

0 i4

0.40 -.

0.40 - - -.- --

0\..

0.30 o \ \ .

*0.25 -. -- - - -

o~oaI \ ". _

0.410. - -A A ---

0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0
E(Ib/ft')

Unbonded Nylon --- 3.31 Stretched Plexigla. -.- *. 2.01
Bonded Nylon ......... 2.66 Doron ... 1.23
Lean - 2.06 B. R Glass .. 1.00
Cost Plexiglas .... 2.01

*Ratio of Material Thickness Relative to a Unit Thickne• ss of U.R1i. 1as

FIS. 97
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eo0 24T-3 vs E

for Various Combinations of m, ,e and V,

n a 100 grains e a 70 deorees V, 3000 fps

csnchestSm 9. R.Glass)

.01, .031 .055 .076 ,156 .17

0.901 - 1 1 . - I I L-- -

0.60 T I -~.

0 .7 0 
1

0.60

0.30 - -..-0.•0 ~- - -" • '

0.40.

0.30 - -
Dural L

0.20 
\

e. • 0.73 \

0.2 04 0.7 1.0 e.0 4.0 7.0 10.0 15.0
E(Ib/ftt

Unbonded Nylon 3.31 Stretched Plexiglas .... 2.01

Bonded Nylon ......... 2.66 Doron .. 1.23

Lexon - 2.06 B. R glass . 1.00

Cost Plexiglos . 2.01

*R4I11 of Molerfol Thiek"te Relative to a Unit Thleknesm of .ROfloes

Fig. 98
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vs E

for Various Comblnotions of m= ,9,ond V1

m." 300 grains e a 70 degrees vs' 3000 fps

.016 .031 . O d 156 312 046 0 II7

1.35 . . . " . . ..

1.n

0.79 ..0-,- ..-. •-

0.-- --- ..-

0.30\

0.15 -E:12

---C 0. 4 0.7 1I0 2.0 4.0 ?.0 10.0 1500

Unbonded Nylon - 3.31 Stretch-d Pl- -los -.. - 2.01

13onded Nylon ......... 2.66 Doran 1.23
Lexon - 2.06 B.R. Glass 1.00

Cost Plexiolas 2... 01

'NRatio of Material Thickness Relative to a Unit Thickness of I.R. Sles$

Fig. 99
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e2 O2 4 T.3 vs E

for Various Combinations of m, ,eand IV,

me" 30 groins 8 *0 degrees Vg 6000 fps

a(inchus Of IR.Oloss)

.016 .03 .55 0.46 ,1 7

0.9)

0,7 ?0

1i4

e± o.,o •

~0.

0.30

0.20

0.2 0.4 0.? 1.0 2.0 4.0 7.0 10.0 15.0

Unbonded Nylon ---- 3.31 Stretched Plextglas ..... 2.01
Bonded Nylon ......... 2.66 Doron ... 1.23
Lexan 2.06 B. R. Glass 1.00
Cost Plexiglas .... 2.01

Rollo of MUtorial Thulcehest Relalive to a Unit ThIclheea of U.R. Slugs

Fig. 100

CONFIDENTIAL
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e 2O2 4T- 3 vs E

for Various Combinations of m,,e0ond Vs

mrx 100 groins 6 .0 degrees V. 6000 fps

6(inctes of 11R.11l8s06)
.016 .031 .055 .0W6 .156 .312 .46 ?80 1.17

- - - . ,a

1.80

1.40

1.20

N%

o~eo -, - - ~ . -

0.60 --- ---- I

Dural "

0.40 -

8j 0.48 0. 1.0 20 4.0 7.0 10.0 15.0

0.2 - -

V *
Ellb/ft|)

Unbonded Nylon ---- 3.31 Stretched Plexiglas --.. 2.01
Bonded Nylon ......... 2.66 Doron 1.23
Lexon -- 2.06 8. R. Glass ..... 1.00

Cast Plexigls - ... 2.01

'"'Ratio of Mo telia l Retttla v to 0 Unit Thickp os t of 11.N. 9iege

Fig. 101

CONFIDENTIAL
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e vs E20•24T-3 V

for Vorious Combinations of m, ,e,ond V.

N, 300 gmins e o0 degrees V., 6000 fps

e(inc•as of F.R.ias]

.016 .031 m5 .ore .156 312 .46 7 117

2.25 - - -- - -

,,50 -.- - . .

Ib
21.00
1.5

S; O~~ural -".-

0.75 . -

0.50

0.2•5 • ..

o . 1 .H

0.4 0.7 1.0 2.0 4.0 7,0 10.0 TO.0
E(Ib/ft')

Unbonded Nylon - 3.31 Stretched Plextglo .-- *... 2.01
Bonded Nylon ....... 2. 2.66 Doron . 1.23
Lexon - 2.06 B.R. Gloss .. 00
COst Plexiglas 2.01

*1"net0 of Mot1oIgI Thithnese Relative to a Unit Thlekaeea of UR.O.ale

Fig. 102
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e 2 OZ 4 T-3 Vs E

for Various Combinations of m. ,e,ond V,

Ng 3(0 giains e 60 degrees V1 '6000 fps

e(inceW. of ,RGioss

016 .031 .055 .076 .16 . .546 .60 .17

SI

0.20 - -- --. *.

O,~US N4\ •,

I

0.I-

0.40 . ...... 0...----" 0,30 ..

0. onded.. N.o......2.6.oo

O, asO Ple,:.lua
0,20 .

0.10 1"0

e, CN1.00A
002 -- 0.4 0.? 1.0 2.0- 4.0 7,0 10.0 15.0

E(Ib/fls)

Unbonded Nylon ---- 3.31 StrefthedlPlaxtglae .... 2.0I
Bonded Nylon ......... 2.F66 Ooron .... .23
Lexan --- "-2.06 B. R. Glass 1.....0.O
Cast Plexh~qlas .. .01.O

"*'Ratio of Material Thickness Relative to aI Unit Thickn~ess of S1.11, elose

Fig. 103
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e2O24T-3 VS E

for Various Combinations of m. ,e, and Vs

m. a 100 gmrins e 60 degrees V,. 6000 fps

e(lnchtn of BA.-,Gila)

.016 .031 .r06_ .0 ?a .161 .5f s 1.17

ini

1.80 . .

I.2I

0.40

0.20

0,1..002. . 70 1.0 1.

0.40

06 3 T- 0 . . . . 00 1.

Unbonded Nylon --- 3.31 Stretched Plexiglas -.-- 2.01

Bonded Nylon .......... 2.66 oron 1.2

Lexan -- 2.06 a. R. Glass 1'- .00
cost Plexiglasu 2.01

*o.io Of Materfal ThIcbw"@fl Reletive to a Unit TbIck"Sts of U.1. 1 .6es

Fig. 104
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e2 o2 4T-3 vs E

for Various Combinations of m. ,F,and V.

mana 300 groins e a 60 degrees V, a 6000 fps

eOinchem of & R.Gl0s1 6
.016 ,031 .055 .078 IRS 1.17_

2.25 - .-

b.1.50 \ \

0.75 -J I I-

Dural' V

L * 2.39

0.2 0.4 0.? . 2.0 4.0 -7.0 10.0 15.0

o.N----3.31 Stretc•dPlxlo-- 2.01
sneNyo ........ 2.66 Doron 1.23

Laxon 2.06 8. R. Glass -*- 1.00
cost Plexigls _2.01

.ti Material Thickness Reimfive to a Unit T11o111s9 Of 1.-R.0Gi11s

Fig. 105

CONFIDENTIAL
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e2024T-3 vs E
for Various Combinations of m, ,e,ond V,

IN,' 30W groins e a70 degrees V. 6000 fps

e(inctis of B.1.G6ass)
.016 .Ol ,055 .076 I1 .546 0 17

0.90 .-.

oleo0. 70 -

S0.60 - - - *- -- - .-

~0.50

0O.40 '- ---

0.30 - - - -- - ,

0.2 0- - - - -

Dural

0. 04 0.7 1.0 2.0 4.0 7.0 10.0 15.0
E(Ib/ft')

Unbonded Nylon ---- 3.31 Stretched~lxqa-.- 2.01
Bonded Nylon........2.66 Doron - *-1.23

Lexan - 2.06 8. R. Glass 1.00
Cost Plexiglas - .- 2.01

*Relic of 111616001 Thickness Relfative to a Unit Thlickness of *.P. Gloss

Fig. 106
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e2o247-3 vs E

for Various Combinations of m, ,e,and V.

min 100 gmins e a 70 degreos V, '6000 fps

e(Inches of B6R.0145)

.016 .031 .066 .076 .146 .546 fo 1.17

1..0

1.40

i.n

o- ,1 0 "- -- ' . -• = ---

1.00 ", -

0.80

O.-ol - \\-"

0.40 *----

0.20 \ \'

0. 0.4 0.? 1.0 2.0 4.0 7.0 10.0 15.0

E(Ib/fft)

Unbonded Nylon ---- 3.3! Stretched Plexigls ..--..-- 2.0
Bonded Nylon ......... 2.66 Doron . 1.23
Lexon .0- .6 B. R. Glass . 1.00
Cost Plexiglas .... 01

*11stti of Material Thickness Relative to o Unklt Thielmaoe of *.R. elI0

F-Ig. 107
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e 2oP 4 T., vs E

for Various Combinations of mr ,,,ond V.

jna 300 groins e • 70 degrees V,. 6000 fps

f(Ingis of SR.Glass

.016 .031 .055 .078 .156 .32 .54 710 117

2.25

2.00 -- , .-

1. ?-

%.5 0. A

0.5
Dural - \'. "

0.2

02 0.4 0.7 1.0 2,0 4.0 7.0 0.0 15.0

E(Ib/ftl)

Unbonded Nylon ---- 3.31 Stretched Plexiglo -... 2.01
Bonded Nylon ......... 2.66 Doron 1.. 5.23
Lexon -- 2.06 8. R. Gloss . . 1,00
Cast Plexiglas * .. . 2.01

*Ratio of Material Thlehfleas Relative to a Unit Thickness of *.m.sitsu

Fg, 10
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e2n24T-3 vs E
for Various Combinations of m,,Gand Ve

rm, 30 grainb e ,0 degrees V,, 9000 fps

s(inams of B.R.Qas.)

.016 a0m .056 .076 .1 3 .54 80 1

1.35 - - -

.Or- .031Z. .01-

1.20 - -,

0o.e0- IL *. - ..

0,45 - - \ -

Ourol k •

0.30 - I H .

o se.57
0.! Q4 0.7 1.0 2.0 4.0 7.0 10.0 15.0

I(ib/ftt I)

Unbonded Nylon ---- 3.31 Stretched Plexiolas --..-- 2.01
Bonded Nylon ......... 2.66 Doron ... 1.23
Lexon - 2.06 B. R. Glass .... 1.00
Cost Plexiglas 2.01

'W111110 of Moe.tloi Thickness nlloelyg to a Unit Thicke.ne of *.111iloss

Fig. 109
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e20 2•T• vs E

for Various Combinations of m, ,9,and V8

me" 100 groins 6 0 degrees V• 9000 fps

e(incoss of B.N.6I's)
,016 ,031 ,M6 We7 .156 .312 ,564 ,9 117

2.2 5

2.00 S

1.25

0.78

0.50

0.25

1 *6. * 2.4?

0 2.0 4.0 7.0 10.0 15.0
E (lb/fll,

Unbonded Nylon ---- 3.31 Stretched Plexglos --- 2.01
Bonded Nylon .. ....... 2.66 Doron 1.23
LXO -7 . 2.06 1. R. Gloss 1.00
Cost Plexiglos .... 2.01

*tloRnt of MoetlIal Thickness Relative to a Unit Thickness of SR.1Ose

Fig. 110
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e2 O2 4 T,.3 vs E

for Various Combinations of m, ,eand V,

ma 300 gmins e ,0 degrees V, 9000 fps

Oneh"s of S.R.8lms)
,016 .031 .055 OT .156 .32 .4 0 .17

2..10

2.40 •'. •; •

2.10 -
R ural • ' '

ID

0.30 - - - - - - - - - - - -

', > 3.00

020.4 0.1 1.0 2.0 4.0 7.0 10.0 15.0

Unbonded Nylon --- 3.31 Stretched Plexiglas --..-- 2.01
Bounded Nylon..........2.66 Doron 1.23
Lexon 2.06 S. R. Gloss 1.00
Cast Plexiglas 2.01

*Ratio of Materim Thickness RMotive t a Unit 1hickesee of U.N.6loe.

Fla. III
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e2O24T., vs E

for Voirious Combinations of m, ,Eand V,

na, 30 grains e x 60degrees V, * 9000 fps

slinclsm of BRGlaus)

.016 .031 0 r8 .076 IM .312 .546 7

1.20 -

1.05

0.70

0.60

0.30

0 .20407 10204.0 ?0 10.0 18.0

I% *

Unbonded Nylon - 3.31 Streltched Plexiglas ---- 2.01
Bonded Nylon 2.66 Doron 1.23
Lexn -- 2.06 B. R. Glass 1.00
Cast PlexIglas -. -" ,-2.01

*ftatio of Moforial Thichness Relative to a Uui~t Thickness of 0. R. Glosv

g 112
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-156- V

e2O24T-3 vs E

for Various Combinations of m, •,e•and V,

"is 100 groins e "60 degrees V,1 9000 fps

Olnchss of S.R.OGlas)
.06 .031 .156 .322 5 8 .17

2.00 6M

0.ra0 
-- - -- - -11 

I ~ ~

0.25 ----
S2.4 7

"00.4 0. 1.0 2.0 4.0 7.0 10.0 15.0
E H*t

Unbonded Nylon ---- 3.31 Sretch"dPlex l• .,--..-- 2.01
Bonded Nylon ......... , P. . Doron 2.23
Lexon - 2,06 B. R. Glass ...... 1.00

Cost Plexiglos .... 2.01
*R atio of M aerialI Thickness Relative to a Ufnlu Thickness of U.I R. OSII

Fig. 113
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eOeT. vs E02024T-3 v
for Various Combinations of me ,e,ond V,

rna 300 groins e a 60 degrees V." 9000 fps

elins of GR.Gloss)

.016 .031 .055 .70? .156 .5.j -6 1.17

2.70 '-..-

2.40

I-1.00

1150
,1'i.o 1''

0.9 -- -- .

1.90

0.30 F
e,> 3.-o

0.4 0 T 1,0 2.0 4.0 7.0 10.0 18.0
EIIbifte)

Unbonded Nylon 3.31 Stretched Plexiglos-...- 2.01
Bonded Nylon ......... 2.66 Doron .... 1.23

Lexan 2.06 B. R. Glass .. 1.00
Cast Plexiglas .... 2.01

*Retlo of Mole'lol Thickness Relative to a Unit Thickness of B.R. Gluss

Fig. 114
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e 2 0 2 4 T-3 vs E

for Various Combinations of m, ,e and V,

m. a 30 gmlns e a70 degrees Ve 9000 fps

ellnemes of .R.Glass)

,Ole .031 .05• .078 .15I .54 110 1.I

- " - ,. ' -

"1.35 - .

1.20 --- --

1.05 - - .. . .

-~t - - -

-,4---- - - ----- "0.90 "- ' ---

--- ..... l -

0.15 - ------ Ž.- - - .

9 6 9• 1.5 7I
0, 1,51 1 '1 16 6- -- - * .,IIII*

0.1 0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0
5(Ib/ftl|

Unbonded Nylon ---- 3.31 Stretched Plexiglas - -..- 2.01

Bonded Nylon ........ 2.66 Doron 1.23

LemI 2.06 B.R. Glass ...... 1.00

Cost Plexiglas ... 2.01

".*Ratlo o0 Materiol Thickneds Relative to a Unit Thiehnness of *1.R,1.lsoe

Fig. 115
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e20P 4 T. 3 vs E

for Various Combinations of m, e,and V,

rN, 100 gmins e a 70 degrees V, 9000 fps

O(lnohes of GR,0l0se)
.016 .031 .065 .078 .156 .3 .544 70111?

2.25 - . "-1

2.00 I

I-1.70

1.25

11.00Ou

0.75

0.25, 
2.47

0.2 0.4 0.7 1.0 2.0
E(Ib/fts)

Unbonded Nylon ---- 3.31 Stretched Plexiglos --.... 2.01
Bonded Nylon ......... 2.66 0oron . .1.23

Lexan - 2.06 B. R. Glass ... . 1.00

Cost Plex1glos ..- 2.01

"*Fl tfo of Materlal Thickness Relotive to 0 Unit Thickness of 1.RR- 1l90

Fig. 116
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e 2O2 4 T.3 vs E
for Various Combinations of mc ,eand V,

in, 300 groins e a 70 degrees V, 9000 fps

e(inches of BR, Glaes)

.016 .031 .058 O0s .156 3 A .546 0 1.17

2.402,4ra -:

S1.80 IN I

(1.5

.20

0.90

0.60 1

0. 3- Q- - - - -..-.- ".-1

20.4 0. 1.0 b .0 4.0 7.0 10.0 18.0

Unbonded Nylon ---- 3.31 Stretched Plexiglas - - -- 2.01

Bonded Nylon ......... 2.66 Doron . 1.23
Lexon 2.06 B. R. Gloss ... .... 100
Cost Plexiglas .... 2.01

* t11 t lo of I814110I Thie n ogs R al otiv e to a Unit Thickness of U.R. Clou s

Fig. 117
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Appendix 9

Graph $at Vi a (inches of Jaftex) vs 3

for Various Combinations of m*, 0, and V

Figs, 118-144

Notew The ordinate represents an estimato %W the maximum thickness of
calibrating material that can possibly be perforated by the largest portion
of the residual fragment after the original fragment has impaoted initially
on one of the given targets. The assumption is made that the reaidual
fragment strikes the calibrating material at normal impact ead that, fur-
thermore, the ahape .1 Lhe original fragment ic retained despite any Lose
in weLght.

On each graph Ln this appendis there appears a value of eso This
value is an estimate of the maximum thickness of the calibrating material
that the original fragment can perforate, assuming normal Impact and no
Intermediate barrier.

The contours are limited on these graphs to 72" of Haftex. Thin
represents the maximunm thickness of this material that has been considered
in BRL single-target firings. In fact, there is no instance to date of a
penetration of more than 72" of Haftex in BtRL experimental work with compact
fragments.
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.162-

eMAPEX vs E

for Various Combinations of m. e9,and V,

rmi, 30 groins e a O degrees V, 3000 fps

e*inchi of 6R.G1l60)n

.016 .031 .055 .07o .1i6 .31, . 760 .17S 1 i l - i

13.501.

SI
12.000.7 1

10.50 ..

""--ftt4.50

N*

3.00 - 3

1 onded Nyon... ... 2.66 Dr..-12

1. 0 e•1.

00i.2 0.4 0. 1o. 0 2: .0 4.0 7.0 10.0 15.0
El(b/ltl)

Unbonded Nylon -- - 3.31 5Stretched Plex igIo as .... 2.01
Bonded Nylon ......... 2.66 Ooron . ... 1.23

Lexan - 2.06 BR. Glass -.. 1.00
Cast Plexlglos -.. 2.01

*Rotleo of MoteeloI ThlN tnoes Relative to a Unit Thiehnees of IIi.R.,elgo -7

rig. 118
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CONFID)ENTIAL

eMAFTEX VS E

for Various Combinations of m, ,G,ond V.

n," 100 groins e a 0 degrees V, 3000 fps

s(inch•e Of .R Gloss)
016 .031 .0b6 .070 .156 .312 .64 ? 1.1?

- , . . .. .

10-

4

IO -. Oural -

g oal 15.8 6

%. 0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0
E(lb/fte)

Unbonded Nylon ---- 3.31 Stretched Plexiglas --..-- 2.01
Bonded Nylon ......... 2.66 Ooron ... 1.23
Laxon - 2.06 6. R. Glass .. 1.00
Cost Plexiglas ... 2.01

"*Ratio of Moterlal Thilckness Relatlve to a Unit Thickness of 1.1 .1 l1. 4

Fig. 119
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eMAFTEX V3 E

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

minm 300 grains e s 0 degrees V• 3000 fps

(Inae of BR.G1oS) .

0.004 .1 M M .- 3 54 710 H?

20.00 - - - -

12.50 - - - -6.- -7.- 0- 7 "

Bonded Nylon ......... 66 oron ' 1.23
Lexan 2.06 S. R. Glass 1.00
Cast Plexlglas ..... 2.01

*Inotlo of Motetlol Th!tknbss Rmlotive to 0 Unit ?hlntkfla s of U.N1. Olo9e

Fll. 120
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eMAFTEX vs E

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

rn, 60 groins 6 ' 60 degrees Ve • 3000 fps

e(lnctw of S.R.Olons)
.016 .031 .055 .078 .156 ,3 .546 760 .117

13.50 - -

II

1.00

0.5

7.50

3.00

If *

B.50 onde ". - : .3

9,,•
0 LN

0.40 0. 1. . . . 00 1.

Lxan - 2.06 B. R. Glass 1.00
cost Plexdglas ....2.1.01

*Ratio of Moterial Thiebness Relative to a Unit Thickness of I.R.Olest

fts. 121
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eMAFTEX vs E

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

m,, 100 groins e ,60 degrees V,, 3000 fps

*(lncaw of 8,R.Ploael
.016 .031 .055 .0?0 .16 .312 .54 8 MI,

Dua - .

I1 6-- ---: - - --

IC

N A\

0.4 0.? 1.0 910 4.0 7.0 10.0 15.0
5 lb/fl')

Unbonded Nylon --- 3.31 Stretched Plexiglas-.-- 2.01
Bonded Nylon...........2.66 Daron -- * 1.23
Loan - 2.06 B. R. Gloss 1.00
cast PIOlas -- 2.01

*91,0*1s of Moteriel Thicknsess Rteitive to o Unit ThIckness of I.R.8Iees

Fig1. 122
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eMAFTEX VS E
for Various Combinations of m,,e,and V.

in,' 300 grains e ' 60 degrees V. 3000 fps

*(inclwe of B.R.Gl1ss)

.016 .031 .ON .oWe .1 .2 .54 7 .M ?

22.50 - - -- -

20.00 ~ - - --

,,| . ..

17.50 -- - - - -- - - -'"B C ,° -. ' - - -- -. -- -

10.00

Dural

2.50 - .-

0. 23.8
0.4 0.? 1.0 2.0 4.0 7.0 10.0 15.0

E(IblftI)

Unbonded Nylon 3.31 Stretched Plexiglas -.-.-- 2.01
Bonded Nylon ......... P,66 Doron .... 1.23
Lexon - 2.06 B. R. Gloss 1,00
Cast Plexiglas ..... 2.01

PIeetle of Meteriol Thicknele Roletive, to a unit "roIctnete of 9,R .1e1 e

rig. 123
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eMAFTEX VS E

for Various Combinations of m, lehond V.

rnso 30 grain% 0 a 70degreen Vs, 3000 fps

einceto of BR.-lass)

I.016 .031 .055 WO7 .156 312 S5 O 7 1.

luo 1
13.50 -- -

-

12.00 . - - d

9 .00 --- -- - - *. -

4

6.00- - - ' - -

4.50 "+ -- ,,, ., , ,,

1.50 ~ .

20.4 0, 1.0 2,0 0.0 7.0 10.0 1;.0
U(Ib/ft|)

Unbonded Nylon ---- 3.31 Stretched Plexiglas - -. - - 2.01

Bonded Nylon ......... 2.66 DOron. 1.23

Lezan - 2.06 B. R. Glass .. 1.00

Cast Plexiglos .... -. 01

Ratioo of Malerliol Thickness Relative to a Unit Thlcket ss of B.3 .6loe,

Fig. 124
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eMAFTEX VS E

for Various Combinations of ms ,E,and V,

rnm, 100 groins e a 70 degrees Vs 3000 fps

e(inctws of BR, Gloss)

,016 .031 V05 .078 .156 .312 .546 780 1.17

- -- ou* -

4 6- - --- .... - - .-- -

'E .., - -I ' -l l 1 1, , ,,, - , - - . ...

10- IJ
Dural

E(Ib/ft')

LUnbonded Nylon --- - 3.31 Stretched Plexiglas -.- 2,01
Bonded Nylon...........2.66 Doran 1.23
Lexan - 2.06 B. R. Glass -1.00

Cost Plexiglas ... 2.01
tRI O* $ Of M aterial Th hlpkne , N el ati ve to is Unit T hickeows of 11.1. 81619

Fg. 125
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eMAFTEX VS E
for Various Combinations of m. ,e,and V.

rNs 300 gmins e a 70 degrees Ve * 3000 fps

(IOn of D.R.6k466)

.016 .031 -M 0 M * .072 .5. .80 M?

22.50

20.0 0 -

2.50

2?.50 -I, h'i it -l\"- L\.i L .

SNX"\

; anded Nylon ......... 2r66 Dorn 1.23
Lex. n 2.06 a. R. Gloss 1.00
cast Plexiglas -. ? - 2.01

*RO$Io0 of NMotoris Thicknaess Relative, to a Unit Tihbolto of 6.11.61614

Fig. 126
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eMAFTEX vs E

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

mil 30 groins e a 0 degrees V, 6000 fps

s(incbes of N.R.GIoss)

.016 .031 .058 .078 .156 .312 .546 780 1.17

2?

I

24

9i6

3-

%2 0.4 0.7 1.0 2.0 4.0 70 100 i50

.(lb/ft)

Unbonded Nylon 3.31 Stretched PlexIlos.-.-.- 2.01
Bonded Nylon ......... 2.66 Goron 1.23
Lexon - 2.06 B. R. Gloss 1.00
Cost Plexigloa .... 2.01

*,Ratio of Malerilo TIltkaness Relative to a Umilt Thickness of 9. ft. GigOv

Fig. 127
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eMAPTEX VS E

for Various Combinations of m,,Ge,ond V. i

moo 100 grains e ,0 degrees Vs a6000 fps

e(inchtee of B.R.Ois)•

.016 .031 .__1%M .1 ,546 71 ?

451 1oi J s I n' Is I_ I I - S0

40 A30-I

20 -

Dural % '-

10S

Unbonded Nylon 3.31 Stretched Plexigl-s--....- 2.01

Bonded Nylon ......... 2.66 Doron .. ... .3
Lexon 0. 2.06 S. R. Gl.ss 10.0 0

Cast Plexiglas ..... 2.01
*tRaIIo of Material Thlchnoe Relative to a Unit Tilekness of 11,lA. WeI

itS- 128
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eMAFTEX vs E

for Various Combinations of mi 3e,and V,

Mo 300 grains e ,o degrees V, b6000 fps

(Indaos of ,Rflaulo

.0 .0 .1 .-- . . " M

4

Dural - • '

s4 '-

: .22 L ...L-Jr I.ll I ....... J.JLI
G04 0.7 1.0 2.0 4.0 7.0 10.0 15.0

E(Ib/ft2 )

Unbanded Nylon - 3.31 Stretched Plexiglas . . 2.01

Bonded Nylon ......... 2.66 Doron 1.23

Lexan - 2.06 8. R. Glaos ....... 1,00

Cast Plexiglas -... -. 01
*Ratio of Material Thickness Relative to a Unit Thlckneut Of B. R.- !i9

Fig. 129
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eMAFTEX vs E

for Various Combinations of m, ,e and V.

m•, 30 groins e a 60 degrees Vs 6000 fps

e(Inches of B.A.R Is)

.06 .031 .055 .078 .156 .312 .546 7 1.17

24

15.1

6-

Sii

'I

Dural- -

0.4 0.7 1.0 2.0 4.0 7.0 0.0 16.0
6061/ft)

Unbonded Nylon 3.31 Stretched Plexlglos---.-. 2.01

Bonded Nylon ......... 2.66 Doron 1.23
Lexan 2.06 B. R. Glass ... IOC

Cast Plex~glas .... 2.01
*RttGIo Of M0t11I06 ThicknnSS 1140#119 tO a Unit ThickRISS of O.M.lets

Ft8 . 130
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'eMAFTEX vs E
for Various Combinations of m. 8,a~nd V,,

"is a 100 grains 0 G0 0degreos Vs 6000 f ps

stinchn f Rlas

.00 31 -. 0655 08 .15 .312 .5670 W

40 -

38

130
326

04 07 .02.0 4.0 TO ,0.0 15.0
E(Ib/fttma

Unbonded Nylon --- 3.31 StretChed Plexiglas 2.0- zo
Bonded Nylon ......... 2.66 00911-. .. 1.23
Lexan - 2.06 B. R. Glass - * 1.00
Cast Plexiglas -2.01

R atioo Materiel ThickneSIS 11601O t~w o a UWill hiektiets of S.113. Slos

Fig. 131
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eMAFTEX vs E

for Various Combinntinna of m. 0,oand V.

ms= 300 grolns 8 a 60 degrees Ve 6000 fps

o(inches of S.A.GlMOs)
.0i6 ,0 1 r1w6 ,01'8 .56 IS .17!

3O 
m

.4 .... . \ \ 7:~ni4

Is

Dural q! -.

Goo• 59.2 H\

0A 0.? 1.0 2.0 4.0 ?.0 10.0 15.0

EOlb/fte)

Unbonded Nylon ---- 3.31 Stretched Plexiglos --. -- 2.01
Bonded Nylon ......... 2.66 Coro" .... 1.23

Leon 2.06 B. R. Glass . . 1.00

Cost plexiglos -.-.. 2.01

*RntIo of Muleriol Thickness Relative to a Unit Thicklness if 1O11.111411.

Fig. 132
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eMAFTEX vs E
for Various Combinations of m, 8,Gand V.

in a 30 groins e ,7degrees Vs 6000 fps

O(inchs of B.R.Gloss)

.016 .031 ,065 .078 .16 .312 .546 780 1.17

24 -

15
12 -

Dural • ,

'V..

oW .26.6 "

.2 0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0
E(lb/ftt)

Unbonded Nylon -.-- 3.31 Stretched PIO.xiqlas 2.01
Bonded Nylon ......... 2.66 Doron . 1.23

Lexan - 2.06 B. R. Gloss ... 1.00
Cost Plexiglas ... 2.01

F"etflo of Material Thickness Relative to a Unit Tiltcneses of S. I. alesa

Fig. 133
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eMAFTEX vs E
for Various Combinations of m. ,G ond V.

rm, 100 gmins ,70degrees V,'6000 fps

*Unass of B.R.Glns)

.Ole ,031 .055 .078 .156 . .54 7 1.17

45

40 1

Is

0 -- - - - - * Dural - - s. 2

0.2 0.4 0.7 1.0 2.0 4.0 ?.0 10.0 15.0
E(lb/ftI)

Unbonded Nylon ---- 3.31 StretchedPlexlglos--.--. 2.01
Bonded Nylon ......... 2.66 Doron . . 1.23
Lexan - 2.06 0. R. Glass .. 1.00
Cost Plexiglas ... 2.01

Ratio of Materiel Thicknese Relatlo e to a Unit Thiebmoas t if .1SR.6 sh

Fig. 134
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eMAFTEX vs E

for Various Combinations of m.,,e ond V.

mni. 300 gmins 6 a 70 degrees V, 6000 fps

*(inctwe of BR Glass)

.016 .031 .065 .078 156 .312 546 780 1,?

54

46

41

3 6

24 - -- --- - -

I.I

12 **5. * T t- -

-0.4 0.? LO 2. 4.0 ?.0 10.0 15.0
E(lb/ft l)

Unbanded Nylon ---- 3.31 StretChed Pl*Xigla -- *-- 2.01

Bonded Nylon ......... 2.66 Doron ....... 1.23
Lexoan - 2.06 B. R. Glass ..... 1.00
Cost Plexiglas ... 2.01

*qRatio of Material Thlcknees Relative to a Unif Thlcknls, of a.P.14Alat

Fig. 135
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eMAFTEX vs E

for Various Combinations of m.1,e,and V.

m,= 30 gmins e 0 degrees V. a9000 fps

00nowe of B.R.Ol806)1
.01e .031 .0o5 .06 .oT% .I1 .564e W LI

40 "

35 "- -': - - "i

Dwal a

-- - -" .01

0,4 2.O 2.0 4.0 7.0 10.0 10.0
Ellb/ft1 )

* *
Unbonded Nylon ..... 3.31 Stretched Ple.Iglos ... ...- 2.01
Bonded Nylon...........2.66 Doron ....... t.23

Lexan - 2.06 B.RF. Gloss ..... 1.00

Cost Plexiglos ..... 2.01
*gtstlo of AinMrtot l Thickness Relutive to a Unit Thickness of U.R, Olose

t.s. 136
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eMAFTEX VS E

for Various Combinations of m, ,Gand V,

rm, 100 groins E ' 0 degrees Vs • 9000 fps

*Onchem of B.R.Oloss)

.016 .061 .055 .078 I56 .312 .546 760 117

64Dual-

546

40

32

24 --

e,> 12 ?2

0.4 0.? 1.0 2.0 40 70 I0.0 15.0

E(Ibitf t l

Unbonded Nylon ..... 3.31 Stretched Plexiglom - -- 2.01
Bonded Nylon ......... 2.66 Doron 1.23

Lexan - 2.06 9. R Gloss ... 1.00

Cost Plexlglas P.01
'i(oilo of Material Thickness Reloaive to a Unit Thiclness of F.R.R Glit

Fig. 137
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eMAFTEX vs E

for Various Combinations of m ,8,oand V.

men, 300 grains e "0 degrees V. "9000 fps -

*(Incras of S.R.GIss)

.016 .031 .0 , ..076.1.6 .312 .54 o 760 .1

out

49- - - --. -

j 41 -S35 1 '

14 - - -...- - .. -. -- -28- 1 1

21

0"~ 71
%.2 0.4 0.7 1.0 2.0 4.0 7,0 10.0 1W.0

E (Ib/'tI)

Unbonded Nylon - 3.31 Stretched Plexiglas ..... 2.01

Bonded Nylon ......... 2.66 Doron 1.23
Lexan - 2.06 0. R. Gloss -...... 1.00

Cost Plexigl3 6.2.. 2.01
'0R,16 0 of Material Thlieleas Relative o a Unill Thl1llnoue of 9.n.Sl'.sa

Fig. 138
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eMAFTEX Vs E

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

n, 30 grins e "60 degrees V. * 9000 fps

efinche of B,R Glose)

.016 01 .055 .078 IaS .312 .546 780 117

4!!

40

ac

.1.to
151

0.4 0.? 1.0 2.0 4.0 ? 0 10,0 15.0

E(Ib/ft )

Unbonded Nylon - 3.31 Stretched Plexiglas ..... 2.01

Bonded Nylon ......... 2.66 Doron 1.23

Lexon - 2.06 6. R. Gloss ........ 1.00

Cost Plexgloas .. . 2.01
*Rot !* of Meoetiil Thickneles RelativO to a Unit ThICebega of B.R. 81eam

FLg. 139
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eMAFTEX vs E

for Various Combinations of m, ,e and V.

l," 100 gmins e "60 degrees V5 *9000 fps

e(lnchM of S.R.6Iaee)

.016 .031 .0M .070 .1! 4 .546 780 1.l?

40-

PK 40

ii

04.? 1.0 2.0 4.0 7.0 10.0 15.0

Unbonded Nylon 3.31 Stretched Plexiglas------ 2.01
Bonded Nylon ...... .2.6 Doron 1 -23
Lexon - 2.06 B. R. Gloss 1.00
cast Plexiglos . 2.01

*Raft* of Materiul Thickness Relative to a Unit Thlehe.,gs of 3.11.lose

Fig. 14;0
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eMAFTF.X vs E

for Various Combinations of m, e, and V,

rni" 300 grolns e v 60 dogroes Voo 9000 fps

e(Incts of ,GiRlass

.01 0,1M 058 .07 .Ie8 .312 546 ,17

N
'__
56

.1~~ tel- ,.

0, 0, 5 , 6 lO 4.0 - . tO, i O ,O~ 1.

Unbonded Nylon - 3.31 Stretched Plexiglas ..... 2.01
Bonded Nylon...........2.66 Doron ..... -**- ;.

Lexon ----- 2.06 B. R. Gloss ....... 1.00
Cost Plexiglos ..... 2.01

4n Rto of M -t-l --l Thl .3ness Relatieo to 0 Ui l xien go l of U.l. 2l.0e

Fts. 141
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eMAFTEX vs E

for Various Combinations of m,6 ,e and V,

rn , 30 gmins ? 70 degrees V, 9000 fps

esincius of BR Glass)

.016 .031 .055 .078 .156 ,312 .546 *7110 H

40

25

,o0\ -15

0,*•46. 2N II\ 1
0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0

E(Ib/ft)

Unbonded Nylon ---- 3.31 Stretched Plexiglas ...... 2.01
Bonded Nylon ......... 2.66 Doron ....... 1.23
Luiu - 2.06 S. R. Glass .... 1.00

Cost Plexiglas ..... 2.01
*1"H 9IO of Materiol Thickness elatiwve to a Unit Thickness of 111- 11I. e

Fig. 142
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eMAFTEX vs E

for Various Combinations of m, ,•,and V.

rn,- 100 groins e a 70 degrees V. 3 9000 fps

S(Ini.. of BR c.Gsi

.016 .051 .056 .078 16 .312 .546 7S9.I17

72 - - .- -,-- -- - - - --..

64

848
;49

24

Laa

0.4 0,? 1.0 2.0 4.0 70 0.0 185.0
E(Ib/ftI)

Unbonded Nylon ---- 3.31 Stretched Plexiglos -.... - 2.01
Bonded Nylon ......... 266 Doron 1.23
Lexon - 2.06 a. R. Gloss 1.00
Cost Plexlglos .. 2.01

"Ratio of Materiel Thicknoes ReiltivO to a Unit Thlicknes of U.R, Olols

Pig. 143
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eMAFTE. vs E

for Various Combinations of m, ,eDand V,

Di, 300 groins 0 a 70 degrees Vs 9000 fps

ellnehge of 1i.R.Glass)

.016 031 065 .0o8 .116 312 .546 780 1.17

sok

49---

i42 ---

21 -- , ' - - -"

Dural -

i4 - Al ,

6* 7

0.4 0.7 1.0 2.0 4.0 7.0 10.0 15.0
90lb/flt)

E *
Unbonded Nylon ---- 3.31 Stretched Plexiglas 40 .... 2.01
Bonded Nylon ........ 2.66 Doron ...... 1.23
Lexon - 2.06 B.R. Gloss ....... 1.00

Cost Plexiglas ... 2.01
*ReIlo of Material Thickness Relative to a Unit Thickness of B.A. Glees

Fig. 144
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Appefndix 1

Otaph Bse V11 V versus I for Various ComLntiLons of au And

figs* 145,-13

CI
I

I
U

a

CONFIENTIA



CONFIDENTIAL
190

Ti I

I L

fI ri I I f

7o.. !
I ~4-t

!i~l wz; 1,111 M 1 Al

is 1.

CONFIDENTIAL



CONH-DENTIAL

;F. 11 
I I

I ~111 1i~~I~lIl I 1

N,0A t ]-

CONFIDENTIAL



CONFIDENTIAL

11Kl I xb

Hil I

Ir Alf

CONFIDENTIA



CONFIDENTIAL19

WIN.I

.111 ah "'dlii

-7,
... .... ...

CONFIDENTIAL



CONFIDE NTIAL

I hullell

101 - 1.II 111 S., S. II I: l;

I J.

TI-I

CONFID[NTIAL



CONFIDENTIAL
195-

I Oil I .j 11111 : if l.

~Ilit1i 'i i

CON FIDETIA



CONFIDENTIAL
196

II-

3d.

CON FIDE NTIAL



(:ONFI DENT IAL

I MI

j'I

CO17 id t N-ALLL



CON FIDE NTIAL
198

w I II u ii
131' ý-t- +4 11-
.b1-

fil

COMDEMA



CONFIDENTIAL

Appendix 0

Graph get YU:i Zu tat d Cmlition for prLovost Ihstow

tigi. 15A4",8

Notes No graphs for Bonded and Unbonded Nylon appear within this Graph Set.
The limitations of the experimental data for these materials were such that
extreme eases 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 Material: Lexan
Shatter Criterion: ',rm,/mr. 0 Extrapolated

Wes O)Tilcnese contours shown only where perforatlon is antlilpated.

3)D1loeked oaet shows me a region of eperilmentitlon.

0.0o 8.606 0970"
1000, -.-

400-. - .

300--- --

1o0 - l -• - -

goo-----.- -I-:

ISO0

30 - -

160*

Ia - I

go ,

f4t
1 . -- '•,4-0 - i111 --1--o"1 ' 9

3S

Fig. 154
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Impact Conditions For Fragment Shatter

Target Material: Plexiglas, as Cast
Shatter Criterion: c'*mr/rn, a 0 - -Extrapolated

Noe lyhlomnns. Contours shown only, where perforeltis Is onlielpoood.
21)11ooeshd ores Iwow me a region of es ermgmetot on.

9s0* 0-60' 9.8706
1000-
auuu

400

300
60-

loo0- II I l1 1 1

so,--

3--

1:1
A I0 I ...

3~g 135
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Impact Conditions For Fragment Shatter

Target Materaol: Stretched Plexiglas
Shatter Criterion: cwm,/m, • 0 Extrapoltoed

No. i)Tes ltnnt 0ontouMM shown only whare perforations il nti0ipet1d.

,t181Oeed area shows man iregion Of tlterimentotlon -

@so*eeo
1000 . ."

400coo - . .
400---..-- 1-I1-. .

too ".11,oo , L 0 -- •-L -

so i'f.

300-

aI 6 0 15 ,,Shttr Veoit ,, , ,0fPS

60

11Fig. I_-
o ,. N-I IEITI 1I Iii' ,,

4o - - ; -- "- " 1:- -

2-I .... -H--

I I l l- ..- -"-,

Shelter Vellocity , V6 (lO00fps)

Fig. 1.56
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Impact Conditions For Fragment Shatter

Target Moterlol. Doron
Shatter Criterion: cd mr/me o 0 Extrapolated
Notoes

I)ThiokfleS olntOWtS Shown only where perforation Is entieipoted.
21D1loeked are showse main region of e M 6lfme ntatlon._ _.____ 0°_,__

- 0o8 -- 90609 00
100 0

Boo
400
300 . .

,so
10

Ioo -- ! !I -2 - . ..,'
go-- ri/

,oo - - - - -.. . '

IIII-i - - -, ,,,, _

40-

I-- III

2-- --

0 - 0 I -2 -" 10 1'. 20 -

Shatte r Ve2oe0ty (IQOCfPs)

Fig. 157
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Impact Conditions For Fragment Shatter

Target Material.- Bullet- Resistant Glass
Shatter Criterion: c'-mr/me a 0 Extrapolated
Notes

1)Th1i6knasil 9O40wo shown oail where Perforation Is antleipoted.
2i|locked ores shows main reelon ,f experimentation.

00"Q 98600 9670
1000 - , ,

600
Il I Z I , i

400 - .

300200 ---- l-- - -

ISI

100 = .

40,

30,

go to 1A t'

0 I /. I - .-15i--- --

I M

4. L I --

I-AI
a 2 1 A "s I I _wI)A

Shorter Velocity , (O00fpe)

C fiDE N 158
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Appaeix K

Photoigraphs o Taorets After Impact

Filal 159 o 176
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Fig. 159l
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Nylon

Pig. 160
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pig. 163
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Sitroto~her Plexiglan-13

rigs. j.65, 166, 167
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Stretched Plexielas

Fis 115S, -L69, 170
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floron

Ff

Fig. 171.
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Fig. 172
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Bullet -Ralaatant Maas

Fig. 174
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Dullt-Rsistt Gass-219.

F~ig. 175
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Fig. 176
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Appendix I

x1perimntal Datal Steel FrA&ments

Impating an Various TargeL Katertala

Tables Xlt1-XUX
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U•PBRIMINIITAL DATA

hle xZ111 , tital 7vI*TV 8~ iq[acttfin on Unbondid Nylon

HoL tat IfavenV Striking Reoidua1 Resul mole
Datum Thtek"lOes weight Obliquity V, Zo% Lty Velocity Weightc Area

NO. *(Inches) a(&irns) O(dearO~e) Vs(lps) Vivo,) au(Alaitni) (8q. in.)

1 .021 .43 0 US5 0--

26.02 .8* 0 S3 4-
3 .01 .05 00
4 .02 2.10 0 50 0-
5 .02 5.10 u loss OD
6 .02 2.10 0 1235 1132
1 .02 16.09 4) 339 294-
1 .02 16.09 a 700 485--

5 .02 16.09 0 Its -

10 .02 16.09 0 oil 61-
t11 .02 16.09 0 1002 91.4""

13 .023 17.00 0 51 0 - -
13 .050 AS 0 550 0 -
14 .050 16.01 0 W 0 - "
is .050 16.09) 0 oil Spe-
15 0 too0 a6 - -

17 .070 0 No 0
1o .070 .65 0 1017 I") 1 •
1t .0A .5 0 1596 1279 - -
20 .010 .65 0 iwfio- -
21 .070 165 0 3000 210 --
2 .070 .85 0 3474 333, -
It.070 2.10 0 763 a

24 .010 2.10 0 1163 81, .
25 .070 2.10 0 21406 115 -i

26 .070 2.10 0 2712 2467 - -

2? .070 16.09 0 700 0 "
26 .070 16.09 0 902 628 - "
IV .070 16.09 0 1209 1070 ",'
30 .070 16.09 0 1568 1507 - "
31 .074 17.00 0 654 0 -
32 .100 .65 0 g00 0 - a

33 .100 16.09 0 600 0 - -

34 .100 16.09 0 1003 314 - -

35 .100 16.09 0 1207 1013 -

36 .100 16.09 0 1506 1381 -

37 .120 2.65 30 992 0
38 .120 2.65 60 1038 0 -
39 .120 16.00 0 600 0 -

40 .120 16.00 0 1140 692 -

41 .120 16.00 0 2111 1556 -

42 .120 16.09 0 638 0 -
43 .120 16.09 0 1013 M86
44 .120 16.09 0 124( 1023 - "
45 .120 16.09 0 1434 1233 "
46 .130 1.35 0 1191 0 * -

47 .130 1.35 30 1239 0 -

As .130 1.35 45 1153 0 -
49 .130 1.35 60 1398 0 -

50 .130 2.65 0 1030 0 -
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ZP0RINMMTAL DATA

Table XtI : i Stel Ftsaentl U¶actting on Olnhnndod Nylotn

MemOIril frapest Iirking Residual mesidutl Vole
Batm Thisknews Weight obliquity Veloci. y vociy Ush. r
;r. G(LM14h1i4) %(&gains) 0(desgfs) V&(IpG) V (IPS) mr(sirains) (sq. in.)

h1 ,130 2.63 45 990 0
Sk .146 17.00 0 951 a -
53 .150 A15 0 1050 0 a
56 .150 .5 0 loll USi
55 .150 .15 0 3381 1914 •
56 .150 .15 0 4325 3191
57 .1S0 .15 0 S004 4513 - •
so .150 2.10 0 1065 0so also alto0 0 1298 7469
0 .150 3.10 0 2321 157-

61 .150 S.10 0 2993 2603
62 .150 2.10 0 3394 2nos
63 A1S0 16.09 0 0oo 0
44 ,1oo 16,09 0 1142 831

41 .150 16.09 0 1716 130* "
AS O150 1t.09 0 1352 169l e

67 ,An 16.09 0 1955 116 * -
3 ,.00 16.09 0 950 0 -

09 .300 16.09 0 1158 93,
70 .300 16.09 0 142S 970
it .A0 141,00 s0o 90 0 146.0 •
s .21$ 5.5 so 116 list 0

13 .210 5.35 4$ 1202 0
74 .a1l 3.35 10 1297 0 -
is .218 11,00 30 1046 0 .
76 .210 17.00 AS )103 0 - •
77 .21 17.00 40 1073 0 .
i6 .213 44.00 30 993 0
79 .120 2.10 0 140l 0 -4-
30 .220 2.10 0 1812 991 -
Ii ,220 2.10 0 2792 1979 - -
32 .,20 2l.o 0 3166 2561 . *

$4 .229 S.03 AS 1355 0 -
Is .229 44.00 45 99.4 0
86 .229 44.00 45 1012 0
87 .248 5.00 70 540 3574 4.9 *
4 .244 30.00 70 3963 4444 29.9
so .248 30.00 70 7279 5693 17.6
0 .248 30.00 70 9800 7197 18.7

91 .249 15.00 0 9075 8128 13.0
92 .249 15.00 0 9727 - 12.0 o
93 .249 60.00 0 8731 7974 47.• -
94 .250 .85 0 1960 0 -
93 .230 .83 0 2251 1008 .
96 .250 .85 0 2830 1906 - -
97 .230 .65 0 3197 2373 - .
96 .250 .85 0 4112 336 -8
99 .250 .85 0 4843 4089 -

100 .230 .85 0 5295 4506 - -
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.•fFRlWNTAL DATA

Table XIlI steel Ftagmenta tmp las on• Unbu.nded P•lon

Nrstr. . Sttiking Relidual Residual %olI
Oatum Thicikwoo& 1 4% i,•M:ni 'rv "-0 I Vloctey Welght AreaIo. e(Leghtrn) m '• -" "', ~ u�j, ,psa (fps) n..(Sratns) (uq. in.)

:230 ' 1897 ,
, 21.10 1035 -

2.10 0 2697 1392 - -
104 .,l)O 2.10 0 2956 2051 -
105 .250 2.10 0 3772 2533 - -
106 .250 2.10 0 4261 2tL-
107 .250 2.10 0 4778 328A -
108 .250 2.10 0 5307 3670
1Wl9 .266 5.85 0 1270 0 -
Ito .266 17.00 0 1230 0 a -
111 .266 "4.00 0 1062 0
112 .266 147.00 0 950 0 -
113 .266 207 00 0 935 0 206.0
1L4 .200 2.65 0 LS13 0 -
115 .280 ,65 45 1716 0 - -
116 .."0 2.,5 60 1660 0 -
117 .90 345 A0 A24 0 a a

11i .2vo 1.15 :1 1320 0 -
119 .290 5.8A 45 1336 0 - *
10 .290 3.55 60 1450 0 - •
1i1 .290 7,00 30 1169 0
122 .290 17.00 45 1214 0
123 4290 17.00 0M 1303 0 -
124 .290 4A.00 10 1082 0 a
123 .298 30.00 0 103.112 2P. -
11o .ago 240.00 0 900 0 239.0
127 .100 .85 0 1714 0 -
128 .300 .85 0 2074 1053 -
129 .3SfO .83 0 2573 1623
130 .300 .3 0 2993 2244 -
131 .300 .85 0 3529 690 -
132 .300 .83 0 3847 315-
133 .300 .85 0 4238 3480
13. .300 .85 A5 1691 0 -
135 .300 .86 45 165. 6'I1 G
136 .300 .83 45 2222 1123 ..
137 .300 .85 45 U1na 2570 *
138 .300 .65 43 W07e 4123 -
139 .300 .85 43 5424 4438 -
140 .300 .83 60 2232 0
141 .300 .85 60 2479 l27)+
142 .300 .85 60 2520 InS5: - -
143 .300 .85 60 2646 1418
144 .300 .85 60 2886 1299 -
145 .300 .85 60 3609 2334
146 .300 .55 60 3734 2306
147 .300 .85 60 4064 2619 -
148 .300 .05 60 4190 2508
149 .300 .3 60 4578 2814
150 .300 .83 60 4917 3229 -
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BXPRR•IMNTAL DATA

Table XII i Steel Frnogg nta Impacting on Unbondeu ylon

metetral Frapenu StrikinG Resi dual Residual Role
Datiu Thi.kneOs VleghL obliquity Valoity Valootty Waslh& Area

No. e(lnahes) u (gratn.) 0(desreea) Vs(fpa) VI(fps) n(giarlin) (sq. io.)

131 1300 0o.8 fin 3096 3138 -
153 ,1"0 1.1 0 2012 0 -
153 .300 1.35 30 2011 0 a a

154 6360 1.35 45 2051 0
155 .300 1.35 60 2093 0 " "
156 .300 2401 0 1563 0 a
157 .300 2.01 0 1983 it"
is$ .300 2o.0 0 2131 15Me "
159 .300 2.01 1) 3327 170,6
160 .300 2.01 A 34i73 3,tO
161 ,200 2.01 0 "is .1-20
161 .300 2.01 0 4418 i10t ,

1": 3010 loot 0 .5098 40 u

165 .100 2.10 0 160) 0
l68 .3w0 2.10 0 Is1s 11t1 "
10? .200 1.10 0 3It "090 I
I1 ."0 2110 0 USA 21021 - •
169 .1500 ,10 0 4319 3591 - -
170 .300 2.10 0 50s0 131is
17 ,I0 ie 1610 0 900 0
1711 300 16,00 0 1396 07 "
172 .300 16,00 0 2391 i9t • ?
174 *300 16.00 0 3313 3861 a "
173 .200 16,00 0 4398 4163 "
178 ,200 16.09 0 l15O 0 - "
17? .300 16.09 0 129. 619 a a
178 .300 16,A9 0 3J 1990 a a
179 .300 16.09 0 4147 3196 - a

t10 .300 51.20 0 990 0 -
M )w 2095.00 0 SSO -1

182 .300 225.00 0 964 650 -
183 .300 225.00 0 1168 100l a •
184 .306 44.00 45 fill 0 - a

135 .306 44.00 45 Ilia 0
to6 .306 44.00 60 1137 0 a a
187 .363 5.83 0 1435 0 -
136 .363 3835 30 1482 0 - a

189 .363 5.63 45 1482 0 -

190 .363 5.83 60 1654 0 a

191 .363 17.00 0 1340 0 - a

191 ,363 17.00 30 1322
193 .363 17.00 45 l399 a

194 .360 I7.00 60 1413 0
195 .363 44.00 0 1132
196 .363 207.0') 0 956 0 20500
197 3832 44.00 30 1188 0 10"
196 .382 44.00 30 1197 0
199 .381 44.00 45 1197 0
200 .382 4.00 45 1202 0-
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lo-,4 Tea; Ljnt I #Aihin ROM"4a1 Ru.iftuI lial
!".A Jhbt i 'Palo Obliquity q. 1"64 velaelty Weight Arms

Ui ,J *00 Goiii '0
f~ is 65 45 3, 3

t 31 6t 3117

to, .40 0 / 0119 0
64010 IM 0

act 1480 SO01
.460 1'

JU .1 ,1

t~~~t o u53sk

all .32 ta 0A 30

Ill 45) G4' f 1 60

Ito .sia 4 s,
331 001. 45* 19 40

AI's .28. 41 0

1.1, .700 0

.700 ,''f 00'

:110 6.7.vy 30 a

.6e i 0
246 .780 6 ~ 0

124 .700 1 0
41 .719 1 1 0*A

151 64 1
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UPI'INKINTAL DATA

Table XZI a steel Vregmente impacting on Unboaded Nylon

Nsterlal Frsimant Strikin8g eeidual Reldual Role
Datum Thicknese "uight Obliquity Veloclty Ueloctry Ielsht A~akm
9.% eQ(nahea) On(rgalns) #(degrees) %(fps) Vr (pe) jr(Iralns) (eq. In.)

251 .840 5.85 4! 2410 0 -
252 .840 44.00 30 1642 0
253 .$40 44.00 30 1663 0
254 .84 4W.O0 45 279 0 -
2M5 .944 17.00 0 2070 0
256 a9t 17.00 30 2116 0
257 .944 17.00 A5 2240 0
250 I9t 17,00 60 2336 0 -
H944 5.85 30 2479 0
260 .944 5065 45 2727 0
241 .44 "1,00 30 ;.71a 6

.1,44 44.00 30 1822 u -
263 .I" 4.00 45 1857
264 1.00 5.e5 0 2615 -
265 14019 1M00 0 3222 0
166 1.069 17.00 30 2239 0
267 1,089 17.00 43 2351 -
26 1.069 17.00 so 204 0
in3 1,019 4".00 0 1906 0
270 1,089 141,00 0 1532 0 1' -.0
111 1.089 207.00 0 103C,205.
117 1.145 s5.0 30 2641 0-
273 1.144 5.00 0 1370 3111 ;.9
274 lo4P 10,00 60 500 170 9.9
275 1.21" 15,00 45 1000 4133 U2.0
276 1.244 :...00 60 10742 342 86.2
2l7 1.144 13,00 70 10790 27t" 12.3
276 1,2.44 3n,00 0 0o000 2925 1.1
279 1. 2" 30.00 70 9500 1064 14.0
280 1.244 60.00 60 9760 4054 461-
181 1.1"4 W0.00 70 8940 - 40.1
202 1.24 240.00 70 6020 2511 239,5
283 2.468 15.00 JO 9115 2314 12.0
284 2.488 30.00 0 100D 3853 -
36s 2.418 30.00 43 10850 1531 19.0
286 2,488 60.00 60 9500 0
237 2.486 60.00 70 11000 0
288 2.511 15.00 0 9625 3303 14.0 -
269 A.Sil e.uu 0i 4.us10 49.0
290 3.781 15.00 0 7000 0 -
291 3.781 60.00 0 3000 0
292 3.781 240.00 0 2300 0 -
293 7.157 240.00 0 7500 0 -
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ZXVlRIMHITAL DATA -

Table XIV S teol fh&lmuut jlf.tihS an Banded ltylen

'aterial "tavnt strikin8 ResIdual Residual Role
WItNw Trbclat"es wetsh¢ Obliquity aloot Volociti VeWlh% ATea

fi. e~lnghes) na(grinal) 0(dvoiral V aps;( V r(IPaT m*(Srains) (6q. Ln.)

j , 3 5.0 60 t,900 6337 4.4

* .23 10.0 70 1365 49sM 3.8
3 .23 15.0 0 8400 7047 9.7 -

4 .23 15.0 70 30, 61090 3.9 -

5 .34 510 400 3M3 4.5
0 .34 5.0 70 5650 2105 4.0
7 .34 15,0 40 8750 5970 9,2
a .3 15.0 70 Olin sSS 5.6 -
9 .43 10.0 0 2031 0 9.-

10 .43 10.0 0 4209 3265 9.5 -
11 .43 10.0 AS 4381 A975 95 -

13 .43 10.0 70 5720 330) 915 -

14 .43 15.0 0 3990 3274 14.5
Is .43 15.0 45 6"53 340) 14.5 -
10 .4) 13.0 to 4976 3271 14.5
1V 43 15.0 40 10053 5840 * -

to .63 15,0 70 547) 31U3 l0.0
19 A4 15.0 70 8048 342S * -

t0 .43 J0.0 0 2809 2318 29.5 -

21 .43 30.0 0 9817 8000 7.6
22 643 30.0 0 10202 0si5. 3.0 -

23 .43 34.• 43 3456 2620 29.5 *

24 .43 30.0 60 3878 2805 29.5 "
23 .43 30.0 10 5086 3226 24.0 "
26 .43 30.0 70 11032 5984 0.5 •
27 .43 60.0 0 2436 1972 59.0
28 .43 40.0 45 3379 9731 59.0
29 .43 60.0 60 4490 3449 59.1
30 .43 60.u 70 5046 3492 59.0
31 .43 60.0 70 9450 3804 15.1
32 .43 110.0 0 2571 2196 119.0 -
33 .43 10.0 45 2903 2333 119.0 -
S.43 120.0 g0 1537 2718 119.0 -

)6 .43 20.0 0 Z.210 2006 239.0
37 .43 40.0 45 2400 2163 239.0
38 .43 240.0 60 2816 2360 239.0 -

39 .43 240.0 70 3374 2511 239.0
40 .54 15.0 70 10460 0 -

41 .55 5.0 o 2810 2068 4.2 -

42 .55 ý.0 0 6m00 4188 4.7
43 .55 3.0 0 90Q4 ,004 4.1 -

44 .55 30.0 70 d650 474' 15i8s
45 .66 10.0 0 8500 6083 9.1
46 .66 60.I0 10 8R70 4740 12.1 -

47 .67 30 (, 0 8650 700) 25. .2
48 .67 30.0 60 8860 4915 22.2 -

49 .67 30.0 70 10475 4432 1.4 -

5 .771 240.0 70 9500 6152 49.2 -
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RUBRZHrNTAL DATA

Table X1V t Steel apanten. impactqin an Bonded Nylon

Hatural it agoent Strikii-i i esiLdal Residual Nole
Datum Thiknema weikt 0bliquity Veloclte Velocity weiLht Arr.

No. e(inchoa) TMa (ainm) 0(dearee) Va(fp) V.r(flo) mr(arains) (64.in.)

51 .8 5,0 0 11719 596-
So .o 1040 0 moo 3736 9.3
53 .8 11.0 0 5471 3333 10.0
34 is 13.0 0 out1 3613 210-
Ss .6 30.0 0 Mil1 3443 3945
56 .1 30,0 0 104921 7562 2.0-
37 .8 30.0 60 6057 2649 |,00-
49• .4 Wan , 7A 1 1 rim 0-
59 .8 40,0 0. 404 3;03 5l.O -
60 .5 60,0 50 4960 2943 59.0
61 .6 60,0 60 9305 3239 23.30
47 . 60.0 70 6171 2584 39.0 -
63 .0 60.0 70 2426 I0 10.0

2 1A0 170.0 S 3o21 &Sao 19
73 .0 240.0 0 2045 2399 23#.0
67 .. 44.0 30 3205 0 , -

.5 1040,0 4O 501S I20 *.,

79 1.0 14.0 00 2450 0 -
77 1,0 127.0 0 1473 0 - -
78 1.0 207.0 30 151 0-

79 1.0 207.0 45 1632 0 • - •

72 1.0 17,0 60 3170 0
3 1.0 525.0 0 2104 0

74 1.0 02.0 30 1076 0
75 1.0 "1 ,0 45 2177 0
76 1.0 52.0 60 1413 0 - -
77 2.0 107.0 0 1473 0
78 1.0 107.0 30 4237 0 • ,
79 1.0 10,0 45 1637 0-
68 1.0 237.0 60 1770 0 - -
9 2.0 825.0 30 3138 0 -

83 1.0 4M,0 45 12635 0 -
84 2.0 425.0 60 1414 0
69 2.0 1 0.0 0 211y 0
86 2.0 1 7.0 30 4257 0 - -
89 2.0 17.0 45 2281 0 - -
so 2.0 07.0 0 3016 0 - -
s9 2.0 48.0 30 3138 0 -
90 2.0 42.0 45 3359 0 -91 2t.0 44.0 60 4206 0-
92• 2.0 201.0 0 2113 0*
93 2.0 207.0 30 2193 0--
94 2.0 207.0 43 2281 0-=
95 2.0 207.0 60 2676 0--
96 2.0 825.0 30 1646 0 - -
97 C0 I25.0 45 1786 0--
go 2.0 825.0 60 1930 0--
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UPBIMINTAL DATA

Table XV i Steel fragments Impaoting on fomn

material Fragment Stilking Realdual Residuul Hot*
Datu Thiahusma Weight rbll L 8ty V01,linty Veiociuy w.i1ht Area

Ho. e(inchas) a 4(Cratno) *(degree) V*(fps) Vr(fps) mr(grains) (sq. an.)

1 .125 5.0 0 11605 9820 4.s .35
a .125 5.0 0) 3245 4252 4.5 .02
3 All5 5.0 70 3251 2421 4.9 .01
4 .125 5.0 70 5717 "41s 4.5 .04
5 .125 10.0 0 356 9.5 039
6 .125 30,0 60 550 175 29.9
7 .125 30.0 60 1362 502 29.9 .06
a .125 30.0 60 Ad50 3425 20.5 .15
9 .125 30.0 76 2016 1367 29.9 .09
t0 .125 30.0 70 5053 4104 28.5 .25
11 .125 60,0 0 1240 ol S1to .01
1i .1A5 10.0 0 1664 1197 9.5 .03
13 .128 20.0 0 1309 1143 29.5 .0I
14 .125 0.60 0 1402 1275 59.5 .06
1s .112 110.0 0 1210 1153 11i.s .06
16 .130 15.0 45 10635 9328 14.5 .1M
17 .130 15.0 0 1019 9WS5 14.5 .14
1 .135 30.0 0 1314 915 29.5 ..4
19 .233 130.0 0 1379 1174 119.5 .5
20 .250 5.0 G0 4612 2975 4.5 .02
21 .250 5.0 70 5711 3254 * .02
a1t .250 30.0 60 4597 3398 25.5 .01
23 4250 30.0 70 L512 257 I8,5 I.s5
24 .2518 10.0 0 1575 " 9.5 .02
2s Is5m 10.0 0 170 9.5 .02
26 .231 10.0 0 1999 1333 9.5 .0A
27 .273 60.0 0 1297 920 59.5 .07
a5 .450 L3.0 70 7950 3192 3.3 .o0
29 .N50 5.0 0 2160 1176 4.9
30 .00 S3.0 G0 3570 /16 4.9
31 .500 5.0 60 5535 2672 4.5 .02
32 .500 30.0 0 1297 570 29.9 .05
33 .500 30.0 0 1480 1169 29.9 -
34 Is" W0 a 1700 RV.1 29.9
35 .500 30.0 0 1106 8583 1.5 .17
36 Is0m 50.0 60 6050 2534 28.0 .13
37 .S0 30.0 Mu sill 2615 I'5 .51
35 .500 60.0 60 9550 6449 5So .74
39 .500 60.0 70 5967 1 0 .4
40 .500 0.0 70 86730 343 1.5 1.23
41 .500 60.0 70 5959 4412 14.0 .77
42 .500 120.0 70 4190 1349 119.0 144
43 .500 120.0 70 9271 338 1.0 2.04
44 .500 240.0 60 9550 7618 1.7
45 .500 240.0 70 .831 3726 239.0 1.53
46 .500 240.0 70 9471 6432 49.5 2.0
4? .20 15.0 0 15001 * -
48 .520 15.0 60 2AO0 - * .

:t Betimated
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FXP3R1IUNTAL IDATA

Table XV i Se v toaSUrgmnsI ImpeactinganO Laie

NateviAl Vpragamut 8trLktm Residaal Reulisal Nola
batus Thickiness wa1lah ubliqule)' Velocity Velocity Weight AV"a
NO. *(lnchea) No (pains) 0(degieese) Y5#(fps) V r(fpe) MVnr(Uitfl) (sq. I&.)

49 .520 Il%.0 60 3260 1120 -

so 4520 30.0 0 1400 700oo
51 .1130 30.0 60 2400 0-
52 .330 30.0 40 2655 790-
53 .520 30.0 70 3000 a
54 .520 30.0 70 3150 650
i5 .540 120,0 0 1242 796 119.5 0.11
56 3543 301.0 0 1941 1266 29.5 0.04
57 .345 .10.0 0 3273 1540 9.5 0.01
56 .554 240.0 0 1017 56? 259.5

so 1.000 30.0 0 Is00 0
do 1.000 30.0 0 2470 1726 29.9 .01
41 10000 30.0 0 4964 2524 25.0 .05
61 k.000 30.0 0 0147 5443 25.5 .04

1 14000 40.0 45 4359 412 2.5.3
66 1.000 40.0 70 199 205 .

69 1.000 10.0 40 6012 2750 112.2 .79
70 1.000 61200 45 934o "127 11.0 .91
IS 1,000 240.0 70 100o 039 23.0

72 1.000 240.0 0 15341 125 239.0 0.15
it 1.000 240.0 0 14001 105 239.0

7. 1,00 240.0 0 9087 6159 239.0
75 1.000 240.0 70 6656 5916 137.0 1.11
76 2,000 30.0 0 41MR0 0
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EXPEIRIWOTAL DATA

Table Xi1 s teel FragMents Impacting an cast Plewilas '

Hatevial Vwe n Istriking Residual Resldual holed
Datum ThLakreen WeiSht .)ilquity VeWoWP Velocity feight Area

go. e(inohes) mo(svgana) f(dalraeu) Vo(4f p r(IPl) a (grains) (sq. in.)

1 .220 240,0 70 1939 1050 239.5 *

1 .234 240.0 70 5830 4839 -
3 .236 30.0 70 2056 0 29,0
4 .237 30,0 45 672 0 29, 5,
5 2359 30,0 45 4666 4355 20.0
6 .240 30.0 s0 4512 n

7 .240 120.0 0 1141 974 11.;5 -
8 4240 120,0 0 4853 4581 119.0 0
9 ,12 50 70 4366 iS?) C. 0.07

10 .2350 15.0 70 4031 2020 14.7 0.50
IL ,250 30,0 45 1017 407 29.5 "
13 3%5 30.0 45 486v '.u1 "
13 .250 30.0 o0 2556 665 ?3.0
14 ASO 00.0 70 4773 37'6
1s ,330 110,$4 70 1944 1154 11;.O
16 .250 120.0 70 3953 4086 "
17 ."50 2400, 0 268 0 23;.5
to .254 240.0 70 3770 3163 *39.0 •
1i $.25 120.0 70 5884 4700
2o .257 30.0 0 1695 111$ 2;.5 .
11 .357 240.0 0 1193 801 239'5 s
32 ,257 240.0 0 5826 5685 239.0
33 .257 240.0 70 1115 236 239.5 -
14 .258 30.0 0 833 689 29.5
25 ,PS8 30.0 n 5103 4314 -
26 .263 1200. 0 639 280 11.5
17 .484 5.0 0 5227 2740 t.4 0.01
21 .486 15.0 0 4373 2660 14.9 0.03
29 .486 13.0 60 4605 718 14.R 0.31
30 .486 30.0 14Z 4018 2310 29,1 011
M 492 30.0 45 1888 474 - "

,492 30.0 45 4896 361l
.492 240.0 45 869 193 339.5 -
9 ,691 nn I ln F.?, 0 29.0 -

33 .495 30.0 70 4793 1585 6 3
36 .495 60.0 0 687 309 39.0
3? ,495 120.0 0 1198 896 119.0 "

38 .500 30.0 0 5220 41AO - a

39 .300 30.0 70 3082 0
40 .50 30.0 70 6166 2687 - "
41 .S00 60.0 0 4911 427-
42 .500 60.0 70 2209 376 59.0
43 .500 60.0 70 5034 2R78 - -

44 .500 120.0 0 378. 3185 - -

43 .500 120.0 70 5798 2524 - -

46 .500 240.0 0 ?76 129'
47 .500 240.0 0 5910 5310 - -

48 .530 2V0.0 40 869 193 239.0 -

49 .500 240.0 45 5464 4553 - - .
50 .$ou 240.0 70 1969 483 239.0
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UPEIEIHTAL DATA

Table XV1 t Steel freamente Impeoting on Cate Plt81igeu

Htaerial yvagmnt triking Reeldual Residual Hole
Datum Thinknoua VWeiht OblLquiey Volooitf Velocity Weight Are
HN. 0(Lnohse) a (grains) f(doraess) V (ape) Vr(Cps) 0(grain$) (sq. In.)

51 .500 240.0 70 5712 4169
52 .625 30.0 0 1348 $20 2".0
53 .625 30.0 0 5483 3341. .
54 .625 30.0 70 3900 320 a
55 ,65 30.0 70 5034 142 a-
56 .625 60.0 0 1041 410 59.0
57 .625 60.0 0 4450 3400
58 .625 60.0 10 3437 949 =
59 .625 60.0 70 5162 1601 - -
60 .625 140.0 0 869 722 23?.0
61 .625 140.0 0 Ss0 4920
61 .635 240.0 70 Ill2 1.780 S

63 .625 240.0 70 5835 6140
64 .732 60.0 70 9017 3160 14.063 1753 60.0 60 3J6" too 59,9 0.4466 J744 240,0 40 3937 1507 239.3

67 .710 30,0 0 SIMn 3356 25,01 0.07
6 0 3750 60.0 60 4060 1615 47. a1

60 .750 240,0 70 6010 2164, 20.5
70 .96 240.0 70 9346 3410 74.7 ,
71 .Ot7 30.0 0 1124 1is •
72 ,1966 240.0 0 7it 0 13t,0 a

13 .909 240.0 10 $37 0 a-
74 .992 120.0 0 M167 6000 36.1 9,16
75 199S 20.0 0 3411 1993 - a i
74 ."97 40.0 0 9913 7910 120.0 0.,2
Y? 1.000 13.0 0 5550 1407 14.9 0
7? 1.000 30.0 0 8100 s519 13 1 0.01
79 1.000 30.0 60 8460 4309 0.1 a
80 1.00o 60.0 60 5960 0 2,50
$1 1.000 60.0 70 9325 o072 0.1 a
82 1.000 120.0 70 5721 0 7.35
13 1.000 120.0 70 8620 1197 0.5 3
A4 1.000 170.0 70 9374 32t0 13.5 a

83 k.000 240.0 37t. !l
86 1.000 240.0 70 3831 883 -
87 1L000 240.0 70 5000 758 220.0 -
88 1.000 240.0 70 6060 630 12.3 -
89 1,000 240.0 70 6110 2335-
o0 1.000 475.0 70 38Uu 2146 474.0

91 1.000 475.0 70 4710 0igA 49.7,9
92 1.007 60.0 45 4701 1045 54.2 1.09
93 1.010 15.0 0 5517 970 14.5 0.03
94 1.010 30.0 0 5221 1850 28.0 0.08
95 1.011 30.0 70 8992 0 0 1.99
96 1.012 240,0 n 4650 3130 209.6 2,24
97 1.025 60.0 0 $O12 5610 22.5 0.05
98 1.050 60.0 70 8968 (1 0 -

E: Estiamated
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IEXPRIMKNTAL IDATA

Table XVZY i Steel FPremente Impaoting on Stretehed Plexiglla

Hagerll Fra•ment Striking Residual Residual HNle
Detum Thisknesa Walghs Obliquity VeloaiIy velocity Welsht Area

hi. *(lnehes) %(gwrane) O(de8grem) Ve(fps) V (fps) U, (grain#) (sq. In.)

1 0.03 5 70 2875 2395 4.5 0.06
a OIs 15 45 1299 1199 14.5 0.06
3 0.05 240 70 5887 5677 239.0 .. 16
4 0.05 475 70 4876 6662 4740. 1.06
5 0.14 5 0 713 357 4.5 0.11
* 0.14 5 0 661 874 6.5 0.01
7 0.14 15 0 792 632 146,5 0,03
S 014 13 0 8824 5q0O0 8,0 0,23

9 0.14 30 0 1409 1256 29,0 0.07
10 0.14 30 0 6070 5IO 28.0 0,33
11 0.14 30 70 i01l 1412 23.5 0.30
is 0.14 30 70 2101 1980 st.5 0.30
13 0614 30 70 M836 4497 29.0 0.57
14 0.14 60 70 1143 Go0 9.0 0.55is OG14 60 70 5472 39U solo 0.05
16 0126 3 0 1140 473 4.5 O0O.
i1 0.26 1i 0 0OOl 0 14.5 *
i1 0,2 is 0 111 935 14,5 0.05
19 0oti 30 60 2076 1214 l2l. 0.26 g
20 0.36 34 60 6534 3805 26.0 0.6s
21 0.x 1,' 0 676 80 0.15
2A8 0.6 60 0 4726 3840 59:5 0.43
25 0.26 ltO 0 1188 58 M 119.5 0.26
24 0.26 110 30 3118 4358 116.5 0,12
1I 0.16 140 0 1052 1351 239.5 0.57
16 0.26 240 0 6149 5717 234.6 I.l1
a7 0.33 5 10 4439 1305 4.5 -
138 0,33 b 70 585i 1423 4.5
a9 0.33 5 70 5155 19I0 4.5
30 0,33 05 70 5017 1603 lA,5
3L 0.33 is 70 5527 2940 14.S
32 0,31 is 70 5596 18003 14.0 *

33 0,33 15 to 7755 3229 0.5
34 0.32 1i 70 9931 3543 1.5
is 0.Jj 50 ?o 2943 1006 29.5 0:60
36 0.33 30 70 9690 5384 3.5 2.26
37 0.33 110 45 2742 1232 119.5 0.51
S0.33 120 45 6239 4975 108.0 1.76
.o 0.3) 240 60 1107 717 239.5 0.80
40 0.33 240 70 4836 3863 238.0 1.28
41 0.351 5 70 3400 - .
42 0.336 30 70 8975 4047 4.5
43 0,357 5 70 3700 - .
44 0.257 30 70 740 - -
45 0.35? 30 70 2000~
46 0.357 30 70 5670 1786 25.3
47 0.361 240 70 1450 741 239.048 0.40 15 7 3386 - 0.40

0.40 15 70 A85 1(MR• .5 1.92 ,h
0.40 30 70 5706 3090 27.5

I: I•sImated
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0CPIRIIHKNTAL DATA

Table XVlE I lteel Fragwents Impgating on Stvetched Plexiglas

material ragment 8trikLns Rostdual Rou1dual lsle
Datum Thickness Weight Obliquity valoolty V0al1ity Woight Area
No. a(inWhes) m (grains) #(degreese) v (fps) V (EI) ar(grains) (sq. in.)

51 0.40 30 70 7326 3515 13.5
52 0.40 30 70 11290 - 0
53 0.40 60 60 2676 1507 DO'S 0.73
54 0.40 60 60 b993 6600 38.0 4.10
55 0.40 120 70 2691 142 119,5 1.45
5, 0.40 120 70 60•2 2677 105.0 5.34
5I 0.40 240 70 2726 1838 239.0 3.91
55 0.40 240 70 6158 4115 16010 5.28
59 0.407 30 70 5500 2487 28.1
60 0,409 240 70 1380 433 239.0
61 0.410 5 70 2650 -
62 0.410 5 70 3300
63 0.410 3 70 3450
64 0.410 5 10 3700 -
65 0,410 5 70 3835
66 0.414 20 70 216W0 - -
67 0.506 240 70 1970 849 239.0 -
a6 0.507 30 70 57(10
69 0,508 30 ?0 7-5.
70 0.514 5 70 "-
71 o,55 S 0 3332 14212 4.5 0.0o
?a 0.53 5 0 Ag, 4720 4.5 0.01
73 0.95 5 70 6405 - 0.36
74 0.,3 I ,o 8143 - . 0.,2
75 0.535 1 60 2980 504 14.5 0.16
76 0.55 15 60 3207 650 14.5 0185
77 0.55 15 Pr 5161 2212 9.5 1.41
75 0,55 30 0 19.9 ,295 0.12
79 0.55 30 0 2029 1116 29.3 0,12
so 0.55 30 70 4300 .
f1 0.5 30 70 4382 - 0.99
$a 0,55 30 70 4852 - 1.36
83 0.53 30 70 G000 O3
U4 0.53 30 70 M310 5913 4.o
65 0.55 30 70 9418 - 1.03 3.10
86 0.55 60 45 209; 1212 39,5 0.31
87 0.55 60 45 9147 6470 26.0 2,47
8a 0.55 240 70 2000K 0 -
a9 0.601 30 70 4393 - -
90 0.605 5 70 5400 -
91 0.609 240 70 2825 1400 219.0 -

92 0.619 30 70 9025 2527 3.8
93 0.728 30 70 5900 - -
94 0.728 240 70 4170 1456 233.0
93 M,729 30 70 8850 1802 1.5
96 0.720 475 70 1140 - - - A
97 0,733 5 0 4775 1279 4.9 *
96 0.906 60 70 7950 1708 0.4 -

99 0.910 475 70 2810 1119 474.0 -

1ON IDtiEatTod
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W'UTRIhENTAL DATA

Table XYUr: Steel Fragments Impactng on Itrehed Plmxilias

Material Fragment Striking Reeldual Residual I9l16
Datum Thickness Weiht Obliqutty Velocity Velocity Weight Area
1b. oWinehes) m(Strains) *(dulrees) Ve(fpa) Vsrfpm) mr1(taine) (eq. in.)

L00 0.9O 2 240 70 6100 2172 11.0
101 0.930 5 0 5000 1010 4.9
10 0.930 5 0 4196 2094 49

C

J
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IMPRlUII4TAL AnU

Table XVIuz i Steel FreSments Impacting an Dr.on

Muterial FrAgment Striking Residual Residual Hole
Datum Thichnesa Wetaht Obliquity Velofty Velocity Welght Area
1b. a(inches) ma(gains) 0(delpoaes) Va(fps) V,,(fps) a,(Brains) (sq. in.)

1 .053 2,63 0 977 0
2 l0os 2.63 s0 1035 0 a

3 ,056 2.63 45 16t 0 - -
4 .056 2.65 60 1301 0 o
5 ,075 15.00 0 t1ai 921 14.5 o
6 .075 15.00 0 1231 939 a
7 ,073 30.00 0 1997 1801 2.3g
8 .075 30,00 0 2018 1836 " "
9 .075 30.00 0 3868 3501

10 ,075 30w, 0 3947 3657- a
11 .073 30,00 60 2473 t0ll 29.5 *

I2 .075 30.00 60 2497 2121 t
13 .075 3000 60 4130 3561-
14 .075 60.,0 70 3901 3240 29.5 -
is .075 60.00 70 3715 3051 *
1t *091 17,00 45 886 0 - -
17 o091 46.00 60 871 0 "
1i .091 147.00 30 517 0 - -
19 .092 5.85 60 1301 0
20 0092 15.00 0 2040 1635 14.3 •
21 0092 15800 0 2063 1670 - -
22 .092 13.00 70 3577 2631 "
23 '092 15,00 70 360O 600 368
24 .09s 17.00 30 761 0 a -
25 .092 17.00 60 1033 0 - -
26 .092 30.00 60 3987 3159 29. -5

27 .0v2 30.00 60 4013 3214 a -
U8 .092 30.00 70 3881 3051 -
29 .092 30.00 70 3910 3106 -
30 .092 44.00 30 635 0 -
31 .092 44.00 A5 672 0 - -
32 .092 (0.00 60 2696 2210 -
33 .092 60.00 60 2713 2240 -
34 .092 60.00 70 3338 2726
35 .092 60.00 70 3537 ,761 -
56 .032 120.00 60 3036 2455 119.5
37 .092 120.00 60 3071 2482 1 -

38 .092 120.00 70 3895 3231 -

39 .092 120.00 70 3929 3263 - -

40 .092 240.00 60 2164 194's 239.3
4i .092 240.00 60 2180 1966 -

42 .092 240.00 60 3176 2882 - -
43 .092 240.00 60 3198 2907 - -
44 .093 5.85 45 111M 0 -

AS .096 5.85 0 959 0 -

46 .096 3.85 30 1000 0 -
47 .096 17.00 0 1, - -

48 .099 44.00 C u -
49 .102 0.85 0 C' -

so .102 0.85 i o000 7,0;
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UPERINIUTAL DATA

1.-i- XvIII: steel Fragmints Impactins on Duala I
46-....4A Fragment Striking Roedua Residual Ibis

D'atum rl ..suls Weliht Obliqulty Valocicy Valoaatv WeLsht Area *

It, 4(inehes) M (s($alns) *(d"Crace) Vl(fps) VY(fPM) mu(xraLns) (sq. In.)

51 .102 0.85 0 3500 1A3i -
32 .102 0.83 0 2069 2039
53 .102 0.35 0 3000 l0os
34 .102 0.85 0 3092 2139
55 .101 0.35 0 3500 2630
sa .102 0.85 0 4000 3140
57 .102 0.35 0 4500 3631
18 .102 0.85 0 3000 4108 - -
s3 .102 0.85 0 5190 4249 1
010 .102 147.00 0 606 0 -
41 .106 0.015 0 1920 0 -
62 .t0f 0.85 0 4063 3072
65 ,108 0.8s 0 5416 4361
64 .108 Ol.6 45 2334 0
65 .100 0.85 45 3349 18 At"
60 .108 0.65 45 300? 3771
67 .108 0.35 60 2701 745 * I
3 .108 0.85 60 3130 101 " t

69 .108 0.83 60 3932 2566 -
70 .108 2.10 0 1778 0 - -
71 ,108 2,10 0 3992 2359
7i .108 2.10 0 3439 4176
73 .108 2.10 45 2361 0 - -
14 ,10A 2,10 45 4014 2450
75 .108 2.10 45 1691 3534 -
16 .103 A.10 60 3081 0 - -
11 .108 2.10 80 4079 1616 - -
is .106 1.10 60 3052 3041
79 .109 1.65 0 1490 0 -
s0 .114 5.85 0 1259 0
$1 6114 11,00 0 993 0 - -
82 .118 2.65 60 l2s1 0 -
83 .120 3.85 30 1152 0 -
84 .120 1.00 30 979 0 - -
85 .120 44.00 30 772 0 -
96 .122 2.65 30 1610 0
87 .122 17.00 60 1231 0 -
83 .113 5.85 45 1321 0 -
89 6124 2.65 43 1861 0 -
90 .124 5.8S 60 1527 0 - -
91 .124 44.00 45 797 0
92 .144 17.00 0 1079 0
93 .145 5.85 0 1409 0 - -
94 .130 17.00 30 1152 0 -
9S .10 30.00 60 3201 - 28.84 -
96 .150 30.00 60 5993 - 23.30
97 .150 30.00 70 3827 - 18.89 -
98 .150 44.00 30 845 0 -
99 .151 5.6b 30 1349 0

100 .151 7.20 0 737 0 -
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UXPRRIMNRNTAL DATA

Table U111 I Steel Fragments Impacting on Doran

Maeortai fragment StrikLvkj Rehidual I:tIdual Nole
Datum Thickness Weight Obliqulty Velocity Velocity WeiLht Area
Nm. e(Lnches) m*(grains) G(dogreaa) U*(fpa) Vr(Ips) ar (grain) (eq. on.)

101 .151 7.20 0 4439 4211
102 .151 7,20 45 757 0 -
103 1151 76,0 43 4450 4290 - -

104 .151 7.20 60 8a7 0 -
105 .151 7.20 60 5063 4162
106 .152 5,8 45 1503 0 -
107 .13 17.00 60 1418 0
108 .152 44.00 43 918 0
109 .152 147.00 30 653 0 -
110 .152 107,00 0 628 0 -

111 .154 5.85 60 1823 0
112 .154 15.00 70 3868 * 14.0
113 .154 17,00 45 1270 0 -
114 .154 30.00 70 3405 - 29.0
115 .191 5.85 0 1704 0M1 ,192 17.00 0 1382 a
117 .193 2.63 0 2426 0--
its .03• 2.83 30 IM 0
lit .123 2,65 45 2979 0--
130 .193 15.00 0 2671 1827 14.5-
11l 9193 15.00 0 3695 1870--
121 .193 30.00 Y0 4890 28"4- ]
123 *193 30.00 70 4931 2196-
124 .193 60.00 60 1795 1907-*
IRS 1193 60,O0 60 2795 16823*
126 ,115 GnO0 70 3739 1233 *
127 .193 60.00 10 3735 123335
IRS .193 120.00 0 3148 2917 119.,3-
129 A93 120.00 0 3171 2950*-
L30 .193 120.00 70 3971) 2380--
131 4193 120.00 70 4004 2610--
M$ .194 2.65 60 3528 0--

133 194 147.00 0 7 72 0-
1 14 . !Q~ 74 ?n.00 70 W1; 2 359--
133 ,M9 240.00 70 3104 238 t-
136 .195 240.00 70 6191 4828--
137 .196 "•.00 0 1062 0--
138 ,Mn 5,85 45 1936 0--
139 .210 17.00 30 1355 0--
140 .210 44,00 so 11l4 O 0
141 .213 $.85 30 1741 O
142 .213 17.00 60 1,791 0--
14) .214 17.00 45 1588 0 *
1"4 .214 " .00 45 118t 0
145 .245 5.85 0 2052 0**
146 .230 5.O0 0 5000 3385 4.7-

147 .250 30.00 0 3879 3121--
148 .250 30.00 60 3897 2535 --
149 .230 30.00 60 5350 5986 2.7 -•
150 .250 60.00 60 875b 5769 2.0-
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UAI'MtIUHWAL DATA

Table IIIZZ I stcee Fragmetsa Impacting on Doroan

Hatorial Fragmemn UtrikiAn Residual kesidual HoIe
Da•um Thlokness Weight Obltquagy Val Velo it 'Weight Area

No. e(inceh) mo (gains) #(degrees) VG(; p IV r ONpI) af(ra~in$) (eq, in.)

131 .50 120.0 0 3632 1602 119.5
1I ,250 M*0.0 0 393 3745 239.5
153 .230 240.0 45 2427 2031 239.5
154 .250 140.0 00 5396 4517 -
133 ,252 O07.0 0 657 0 -
136 .26 2.65 0 3339 0 - a

1357 266 3265 30 3170 0 -
133 .266 2.65 45 3394 0 - a

in .209 5L85 5 2597 0 -
1.0 ,270 30.0 60 0153 ,65.09 -
101 .170 30.0 70 8137 - 0.93
102 ,70 *0,0 70 B110 - 7.6
163 .170 120.0 70 5034 , 109 i.
104 .100 17.0 0 17t0 0 - -
15 .A81 4A4.0 0 1t0o 0 -
1" .301 Y.20 0 97l 0
167 .301 7.20 0 409 4230 a -
11 .302 7.0o 45 1942 0 - -
1t9 .02 7.20 45 4610 4t72 a
170 .302 1.30 t0 1552 0 - a
111 .303 7.20 60 4833 4098
17M .317 5.85 0 2624 0 -
173 .318 207.0 0 1004 0 - a
174 .340 17.0 60 3.51 0 - a
175 .43 5.BS 30 2448 0
176 .342 17.0 30 1800 0 - a
177 .340 17.0 45 2234 0 - a
176 .378 207.0 0 1060 0 - -
179 .3$4 11.0 0 2273 0 - -
10 .387 147.0 0 1129 0 - a
181 .463 15.0 0 5421 -8.07 -
12 .463 30.0 0 4905 - 28.61 -
163 .463 30.0 60 3900 0 a a

1W4 .482 44.0 30 1937 0 - a
ls .403 44.0 0 1932 0 " a
166 .406 8235.0 0 869 0 "
187 .490 17.0 0 2992 1 a

18 .490 11.0 30 2626 0 - a

109 .490 17.0 45 3533 0 - -
1i0 .490 17.0 60 5453 0 - a
191 ,491 44.0 43 2375 0 - a
192 .491 400.0 0 1009 0 -
193 .493 44.0 60 i4 0 - a

194 .497 207.0 45 1445 0 - a
195 .497 600.0 0 930 0 - a

196 .499 600.0 45 1030 0 -
197 .500 10.0 0 4650 2412 9.9 -
198 .5U 30.0 0 4579 2698 -
199 .500 30.0 45 4700 2166
200 .500 30.0 45 5830 2908 13.2
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UPUINIW4AL DATA

Table IVIZ1i steel fragaents Impeating an Doyen

4atoeral Fragment Itriking Relsdual P-laLduaL We1I
Ditum Thicknessam %iht Obliquity Velocity Velocity ~uolsht Ara

No. G(inohei) n1 (srl1•n) @(degrees) Va(tpa) Vr (fpo) NIa1 (grills) (sq. In.)

201 .500 30.0 60 7102 14515
202 ,500 30.o 60 7960 - 6.65
203 .500 30.0 60 10578 - 0
204 ,500 60.0 0 3198 21-
205 4500 60.0 0 5694 3744
206 .500 60.0 60 703 A11 l2
207 ,500 60.0 60 7607 20.5
208 .500 60,0 60 7975 4597 8.4
g0o .500 60.0 70 6195 0 -
210 .500 60,0 70 8164 - 2.96 -
211 4500 60.0 70 S700 - 0
212 .500 120.0 0 3862 - 100.52 -
213 .500 120.0 0 3381 2761 - -

214 .500 120.0 45 3598 2251
215 ,500 120.0 70 lost 0 "
216 .500 40,0 0 3743•s 2o a "
217 .300 240.0 45 364S 3U6 a '
AL. .500 340.0 60 536m6 3516 a
219 .500 240.0 70 4719 2145 -
220 ,506 400.0 45 1110 0 - -
221 1625 240.0 70 9850 665 - -
222 ISO9 400.0 45 1497 0 • "
123 .741 400.0 60 195L 0 " "
224 J74" 207,0 0 1646 0 "
225 .750 30.0 0 522a9 s i7ll s
126 .750 60.0 0 6037 - 46.08
227 .50 120.0 45 5043 • 102.61 *

228 .750 240.0 0 35219 224.71 -
229 ,740 240.0 80 4219 2 221.50 "
230 .750 240.0 70 1685 - -
2i. i;32 400.0 0 1456 0 -
232 .752 000.0 0 1384 0 - -
233 0735 207.0 0 1762 0 - a

234 .755 207.0 1A, 1873 0
335 .757 17,0 0 4530 0 * -
236 .757 44.0 0 4!" 0
237 .763 600.0 45 1493 0 - -
238 .963 207.0 45 2351 0a
239 .966 400.0 0 1763 0 * -
240 .966 600.0 0 1564 0 - -

241 .998 44.0 30 4145 0 a -
242 1.000 30.0 0 4769 0
243 1.000 30.0 0 6999 1999
246 1.0w0 .10.0 43 7718 2013 - -
245 1.000 30.0 60 103003 0 - -

246 1.000 60.0 0 5048 4 41.67 -
247 1.00,) 60.0 0 7376 2627 - -
248 1.000 W0,0 .0 4699 4 2
249 1.000 60.0 ?0 1000012 0
250 1.000 120.0 0 5010 - 79.74

C: LNtFIDENTd
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OXr13RIMNBTAL DATA

?able XVIII Itfoas Framemnts ImpaosLtir on Dorafn
"HAten1l1 P~s$m"& Iff~lutig Resaldual Rlesidual

Datum Thirssa. W.Lght Obliquity Yolsit ogity WeOOL g1ht Area
No. a(Inocho) m* 6(rains) o(donvoss) V 0(fpsa v~ f(fp) % ,(otainu) (sq. in.)

251 1.OOP 12000 70 7$0093
252 1.000 240.0 An1 59#4 2542 I5;.*
254 Iwuo 475.0 60 5147 414.0
251 1.024 44.0 0 475 0
256 1.400 00.0 0 6634 2950
251 1.420 20.0 0 110003 0
25 1.446 000.0 0 2135 0
235 1.460 4M0.0 2540A
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'10 X131 stelt. ra g - 4 ttalnl nt I dutet Ieilatant Otlag

., it :'a, .,. I 3 I. ns, H-y g uol Rieldual nrl
* ~1 i"a Waiga. %lI It. .y Vol;,( Sty Vo).e tt weiht~ Are:S.. .. I,, l ing(srotno) ,,': •) np) VIpo) YfP Y lo/ng) (e4. in.)

1 413 30.0 0 5 " 127 29,5
10 30.0 0 461' 3705. 4060 0 567? 442 • -

AN ,0 00 4S 67:'. .79
AN 615 000 70 411 A 475

415 140.0 0 700 0 231,5 -Us N4O.0 0 S$66 5)60
U 416 146.0 4s 41 31. 0 90

9 Al 140.0 ?0 lis" M13 s19,5 a'
U oi1s40.0 70 3840. 5541 a -

It .135 14,O 70 SOO0
is 30.0 70 MO 0IS , .
13 .23 5.O 45 59? l1ia 5.5 .$03
14 .41 10.0 60 5376 to$ ?7.J .11
Is oil S0.0 0 4411 1640 I7.j .05it .10 00 0 196 7300 1.0 .5
a? all 50.0 4S 999 us5 IM5
Is o13 50,0 J3 so0o As MG M
it 415 5ol. 10 1010 1950 2 "
to .oi 60.0 s tit1 545 IM
It .Js M40.0 0 1 "1 0 835.0 A

5tll 0 $3s1 470 It a
4 *5 60.0 45 959 $31 goe s

I JI" 30,0 45 514 31009 S c
AT .161 30,0 10 570) 5114 3 -
It .045 30.0 0 1064 0 a9.5 -
2t .500 30.0 ?0 3082 0 -
=11 .1 00 0i,0 70 8123 3941 - ,055
31 6 0l.0 70 8740 356 t,0 ,11iE6
so .5i7 "0.0 45 2633 0 a =
33 ,53 10.0 0 4745 I820 also .0)
34 ,S3 30,0 t0 $775 0 .01
35 .23 60.0 0 1090 163 59,3 *38 .53 60,0 43 3340 2033 24.0 .10
37 ,33 60,0 70 4510 . 0 |
38 ,33 60,0 70 8733 - 0 .22
39 .*)3 60.0 70 9268 0 -
40 .53 120.0 a 3473 2005 116.$ ,00
41 .53 120,0 70 3320 . 0 2.83
42 s3 120.0 70 6333 0 .29
43 .59 240.0 n MA 2IS 232.0 .14
414 .53 240.0 0 6717 3130 228,0 .11
45 .53 240.0 0 5891 4160 M3.1 .25
46 .53 240.0 70 0379 3000 25.7 .91
47 .534 240.0 0 756 0 i39.0
48 .538 120.0 0 5925 39835 -
4.9 .342 30.0 0 2480 540 29.0 -
s5 .542 60.0 45 3575 1498 -
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UXPRRIIIUAL DATA

Tobt* Its I teel FCamUats Impaoting on Bullet Resistant clogs

Hatevia1 lrawmewt stinking dAmsidual, Isiutal. lble
Datum Thickness Weight Obliquity Yelee~tt Velcattl Weight Also
1b. e~tgwrhss) %(grain#) Otdsawasal v3(fu V (fro) m(gvat'.4) (6q. in.)

31 11000 30.0 0 4875 0155 20.3 .301
$11 1.000 .20.0 45 3777 sell 0.2
53 1.000 s0.0 0 M3 so 48;5
54 1.000 60.0 0 Me0 2to0 0.5
is 1.020 15.0 0 3550 0 a
56 14030 30.0 0 5107 738 0 31
57 1.020 30.0 0 2450 0 62.9
50 1.020 130. 0 4040 loss 1183.1
so I'M2 130,0 45 535 532 ..
so 1.030 130.0 00 $560 0
61 14016 240.0 0 5229 2290 1000 .4
$1 1.030 240.0 10 4330 0a
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