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ABSTRACT

Residual velocity data for fragments of four different
materiais, aluminum alloy, steel, uranium, and a tungsten alloy,
impacting on various plates are analyzed. The range of fragment sizas
ig from 30 to 240 grains while the fragment atriking velocitiesg are
ugually no higher than 6000 feet per second. Empirical formulas are
fitted to the body of data for each fragment-plate combination. Setse
of graphs are digplayed relating selected impact parameters. By the
use of these graphs, a comparison of the performance of the four frag-
ment materials is made, for fixed weight and shape of the fragments.
Tne ordering of the fragment materials is found to correspond with
their densities, with better performance corresponding to increasing

density.
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"INTRODUCTION

Residual velocity data for fragments of various materials
impacting on steel and aluminum alloy targets have been analyzed.

These data were provided by the Ballistic Research Laboratories (BRL)
of Aberdeen Proving Ground, Maryland. The underlying motive £for the
analysls is to previde an estimate of the effect of variation of
certain fragment characteristics on the performance of the fragment.
Restrictions .are imposed on the impact parameters to make the study
particularly appllcable to problems related to the vulnerability of
material configurations used in structures of aircraft and m{gsiles.

Other experiments on penetration have revealed that a fragment
that remains intact after impact will usually "perform" betiter than
another fragment that breaks up, all cther factors being equal, Is it
possitle to use fragments of materials other than steel to advantage in
some situations? The blithe assumption that steel is the optimum frag-
meni materiai reguires frequent reappraisal.

The retardation of a fragment in fligiht is less for a given
fragment than for another fragment of the same weight, same‘shape, and
lower density. This effect 18 more pronounced at low altitudes than at
altitudee where the alr resistance is negligible. This phenomenon 15

a point in favor for high density fragmentsz,
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The fragment materials selzcted to provide data for this

study are listed below. Fragments in the shapes of cylinders and box-

on-cylinders were prepared for single-shot firings at BRL.

With light gas guns presently in use at BRL, velocitles for

steel fragments (and for fragments of less dense muterials) over
10,000 fps are possible. However, for this study, the comparison is

restricted to fragment striking velocities no higher than 6000 £ps

because of ‘the inclusion of denser fragments. Firing the denser frag-

ments at much higher velocities would have invoived technical diffi-

culties with accompanying delays, Wherever data were available at higher

striking velocities, they were included in the apprcpriate sample.
tabulation of the data is presented in Appendix XI; the tabulation
reveals instances where the striking velocity of the fragment is as

high as 12,000 fps.

Table 1

F:ragment Macerials and Densities

Densit
Fragment Material (1b/£ft7)
uranium 1164
tungsten alloy 1050
steel {SAE 1020} 485
aluminum allecy (2024ST) 175

CONFIDENTIAL
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This report will deal primarily with a comparison of the

per formance of tungsten allcy fragments with steel fragments. Data

he twe other fragment materials are included wherever possible to

L oman ~
He  wwyw UL IiRL

ior ¢
furnish additional information., Data have been accumulated for all
four of the fragment materials impacting on aluminum alloy plates.
Hitherto, only tungsten alloy and steel fragments lhave been fired at
steel plates,

In Technical Report No. 36*, a method is described for ohktain-
ing empirical equations from residual velocity data to relate residual

velocity to impact parameters. The type of equation proposed ig of the

form:

= - a B 7 oy k
Vr = Vs k (eA)  m" (sec 8) vB

where Vr is the fragment residual velocity in fest per second,

V_is the fragment striking velocity in feet per zecond,

2]

e 1s the plate thickness in inches,

A 1s the average impact area of the fragment in aquare inches,

m 1is the weight of the fragment in grains,

6 1is the angle between the trajectory of the fragment and the
normal to the plate, and

k, &, B, 7y, A are constants that are determined separately for

each fragment-plate combination.

*Ballistic Analysis Laboratory Technical Report No. 36, A Studv of

Residual Veiocity Data for Steel Fragments Impacting on Four Materials;

Empirical Relationships, (U), April 1958, Confidential Report. 4/ /¢Z 7

'\‘- ',':.l
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The plate Brinell Hardness Number B hag also been found to
be a useful parareter,

This same procedure has been utlilized to vpreovide anaiytical
expressions relating to each of the following fragment-plate com-
binations:

1. uranium fragments and aluminum alloy plate,

2. tungsten alloy fragments and aluminum allcy plate,

3. zluminum slloy fragments and aluminum alloy plate,

4 tungsten alloy fragments and steel plate, B ~ 100,

5. tungsten alloy fragments and steel plate, B ~ 300, and
6. steel fragments and steel plate of varlous hardnesses.

The empirical equations relating to steel fragments impacting
on aluminum alloy plate have already been discussed in Technical Report
Ne., 36,

In the latter report, an analysis was made of residual velo-
city data for steel fragments impacting cn mild steel. For those data,
the Brinell Hardness values of the steel plate are less than 200. Since
the publication of this previous report, additional data on steel plates
have become available with the Brinell range for the plates extending
to 500. The effect of variation in hardness of plate on resistance of
steel plates to perforation by steel fragments is accounted for by the

2
ingertion in the basic equation of the factor exp (e€3” + wB). The

CONFIDENTIAL
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form of this tactor, which, 1f € < 0, has a maximum at B = - w/2¢, re-
flects the fact that maximum resistance occurs for an intermediate
value of B, Thig effect is not considered for tungsten alloy frag-
ments impacting on steel gince the range of plete hardness in the data
sample 1s small.

All constants are determined by appiicacion of the method

in

of least squarcs to the linear equation relating the Briggs' logarithmsa:

log (Vs - Vr) = log k + a log (eA) + B log m + 7 log sec 6 + A log Vs

+ 0.4243 (eB2 + wB) .

It should be noted that the graphs in Appendix VII for
steel fragments impacting on steel plates (B = 100) do not coincida
with the corresponding graphs for '"mild" steel plate in Technical
Report No, 36. This is understandable sgince the mild steel graphs in
the latter report represent a compromise in plate resistance over a

congiderable range in plate hardness {BHN 80 - 200).

- CONFIDENTIAL
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DESCRIPTION OF MATERIALS

In the firing program, the steel fragments used were of
SAE 1020 stock with a surface hardness of approximatz2ly C-35 Rockwell.

The tungsten alloy fragments were obtained from two sources,
(1) Fansteel Metallurgical Corp., Metals and Fabrication Division,
North Chicégo, Illinocis, and (2) P.R. Mallory and Co., Inc., Indianap~
olis 6, Indiana. It was quickly ascertained by test firings that the
respective products, Fansteel 77 and Mallory 1000 are nearly alike in
ballistic performance. Each of these products is an alloy containing
approximately 897 tungsten, 77 nickel, and 4% coppexr. The alloy is
made by powder metallurgy and has about the same tensile strength as
the best grades of ccid drawn steel, 1t is non-rusting and non-magnetic,

Thz material designated as aluminum alloy in this report,
whether reference is made to fragments or plate, is more precisely
identified as 2024ST.

The uranium fragments were supplied by the Dow Chemical Co.,
Rocky Flats Point, Denver, Colorado. The fragments are designated by
lot nos. 703A,B,C,D; D-38 Cylinder. The material is the variety of
uranium known as Tuballoy or depleted uranium with less than 0.137%
impurities, For the purposes of this report, more detailed information

on the material characteristics Is not required,
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EXAMINATION OF RECOVERED FRAGMENTS

In many instances, it has been possible to recover the frag-
merts after impact. These f;agments have been ;nunted cn paneles with
related information attached, Photographs of these panels are presented
in Appeadix X. Por sinplicity, both the weight m of the largest piece
of the recovered fragment and the total weight ;r of all the pleces of
recovered ffagment are supplied, rather than the weight of each individ-
ual piece. In some instances of fragment break-up, several pieces cf
the original fragment were found. The photographs are helgpful in point-
ing out the phencmenon of fregment break~up and the inherent loss i
welght of a fragment during perforation. However, it is regretted that
the full impact of the use of these photographs is not rendered since
the extreme instances of fragment break-up (i.e., shatter) cannot be

recorded in this manner,

The photographs readily reveal, for example, that bresk-up
is a more seriocus matter for impacts on hard steel than for comparable
conditions of impact on aluminum alloy or soft steel. However, for a
quantitative analysis of fragment loss-in-weight during perforation, a
systematic laboratory program is needed. The damagas capacity of apall
fragments can be investigated simultaneously, Useful laboratory data
along these lines will be difficult tc obtsin, and new measuring tech-
niques may be required. Nevertheizss, the necd for such data is clear.
The impact phenomenon of fragment on plate can then be more fully

avuluated.
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AT i e Y

CONFIDENTIAL

TECHNIQUE FOR COMPARING FRAGMENT MATERIALS

The plan which is being us:d to provide a comparison of

fragment materials is:

1.

Adopt: an appropriate criterion as a basis for comparison
of fragment materials.

Develop empirical equations for estimating fragment
residual velocity as a functicn of the impact parameters
for each fragment-plate combination.

With the use of the empirical equations, prepare sel; of

graphs relating selected pairs of impact parameters.

Examine corresponding values on these gets of graphs for

fixed sets of conditions imposed by the criterion:adopted

in (1). Compare these values in some mothodical fashion.

Many criteria are conceivable for use in comparing the per-

formance of fragment materials,

discussion,

1.

Three criteria are selacted here for

The weights and impact aress of the fragments of the
varicus materials are held constant.

The shapes and volumes of the fragments of the various
materialls are held constant,

The weights and shapes of the fragrments of the various

materials ara held constant.

" CONFIDENTIAL
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To adopt the first method, it would be necessary to compare
the performance of fragments of different shapes, e.g., compact tungster
alloy fragments with pencil~shaped steel fragments. This would provide
an unwarranted advantage to the fragments of low denaity.

The second criterion implies that the weight consideration is
not important, and unrealistically provides an undue advantage to the

fragment materials of high density.

The third criterion is adopted for use since, with this
method, the effect of confining the Impact "energy' in a smaller package
will be noted,

The analytical expressions developed for the six new frag-
ment-plate combinations are given in Tables 2a and 2b.

The emphadis in ali of the criteria mentioned above is on
fragment velocity. Under the adopted criterion, the "better" fragment
material is the one for which the fragmenf requires a lower velocity to
perforate a given thickness of plate materisl, or it is the one for which
a greater residual velocity is to be gxpected, granted that perforation
takes place, Yet this ig not the comslete story. The residual weight
of the fragment after impact is zlso an imporcant feature, It has not
yet been established that the "better" fragment under the criterion
adopted above is also the fragment which can be expected generaliy to
have the greater damage potential after impact. A detailed study of

fragment rcaidual weight is required before any conclusions in this

CONFIDENTIAL
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respect can be reached. A more realistic criterion would combine the
weight and velocity concepts so that the better fragment would be
chosen as that fragment with the greater capacity for damage after per-
forating a given barrier. This criterion implies an optimum combination
of weight and velocity reductions after impact.
To .execute the plan outlined aﬁgve it has been fcund expedient
to introduce new symbols; these are:
(Vr)w’ the reaidual velocity (fps) for a tungsten alloy
fragment,
(Vr)U, the residual velocity (fps) for a uranium fragment,
(Vr)AA’ the regidual velocity (£fps) for an aluminum alloy
fragment, and

(Vr)s’ the residual velocity (fps) for a steel fragment.

In a similar maﬁner (VO)U, for example, will be the value of Vo for a
uranium fragment.

The Vo symbol is used to depote the value of the striking
velocity V8 obtained in the empirical formulas by setting the residual
velocity Vr equal to zero. It has been found that the V; values sevrve
as.good gnalytical approximations to protection velocities. The
protection velccity ig defined to be the highest striking veiocity
below the ballistic limit for which the probability of perforating a
glven target is zéro., The analytical expressions for V§ are given in

Tables 3a and 3b,
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Many of the terms and techniques introduced here are dis- .

cussed in greater detail in the previous technical report (No. 36) on

penetration by steel fragments,

For each fragment-plate combination two sets of graphs are
provided, The first set relates V'r/V8 to VB for nine combinations of
fragment weight and obliquity. The second set of graphs relates Vo
to fragment weight for selected plate thicknesses., It is to Se under -
stood that both of these sets of graphs refer to the box-on-cylinder
shape fragment 2s used in BRL experiments. For a fixed shape of frag-
ment, it is possible to simplify the formulas by replacing the impact
parameter A by a suitable function of the fragment weight m, The
function used is of the form cm2/3, where ¢ depends on the fragment
material. -

An examination of values on corresponding graphs in each gat
for the four fragment materials provides a basis for compering the per-
formances of the four materials in a quantitative manner. For seciected
combinations of impact parameters, the ratics of (Vr)x/(v}js-‘“d
(Vo)x/(vo)s can be obtained for each fragment material (X).v Each &6f
thesge ratios, called R and r respectively, is averaged over s selection
of values of fragment weight; thus R and ;, the averages, dupend only
on obliquity and thickness for each combination of fragment type and

plate material X. The combinatione of values of obliquity and thickness

are gelected so that (V&)S > 1000 fps for the sampling of R values while
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(Vo)S > 400 fps for the sampling of r values. These restrictions on
(Vo)S and (vr)° are needed in order to ensure that the individual
e )

ratios r and R be reasonably close to Y and R regpectively. Furthermore,
the relative error in the estimate for Vo increases rapldiy as Vo
approaches zero. Finally, impact conditions for which 0 < Vo < 400

are of relatively minor military significance.

The significance of a value of r greater than or less than
unity is easily determined. For example, if r =2 for a given set of
impact conditions, the interpretation is that a fragment of material X
requires twice as much velocity to perforate the plate as the minimum
velocity required for perforation by s stecel fragment. For this situ-
ation, the conciusion follows that the fragment of the material in
questior is inferior to the corresponding stcel fragmant, A value of
r of unity would indicate that the fragments of both materials are per-
forming equally.

The significance of & value of R greater than or less than
unicy can also be quickly established. CZuppose R =2 for a given set
of conditione. The interpretation is that the fragment of the material
in question will have twice the residual velocity after impact as that
of a gteel fragment. For this situation, the conclusion follows thai the
fragment of the material in question is suparior to the corresponding
steel fragment. A value of R of unity would indicate again that the

fragments of both materials are performing equally.
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The comparison using r and R is always made with respect to
steel fragments. The reasons for this choice are (1) steel is the
classical material in use for fragments, and (2) more 1s known about
the performance of steel fragments than the fragments of other materials
since more data on steel fragments are available,

Other sets of graphs have also been found useful in comparing
the performance of the four fragment materiéls. ¥or sach target plate,
the residual velocity has been plotted against plate thickness for se-
lected combinations of fragment weight, obliquity, and striking veloec-
ity. 1In addition, the plate thickness has been plotted against frag-
ment weight for selected values of V0 and obliquity. The advantage
to be gained by the use of these sets of graphs is that one can quickly
determine the order of superiority of the fragment materials since it
is possible to have a separate contour for each fragment material on
each graph. A fragment material X is considered to be superior to another
fragment material Y if for a given target plate, fragment weight,

7, and striking velociiy, X will have more residual velocity
than Y. Similarly, X is considered to be superior to Y, if, for s
glven plate material, fragment weight, obliquity, and Vs, X 18 found

to be capable of penetrating a greater thickness of the target than Y,
Emphasis 18 placed on the understanding that the criterion for compari-
son requires that fragments of the different materials be of equal

weight and of the same shape.
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EMPIRICAL EQUATIONS; GNODNESS OF FIT

The criterion for goodness of fit of the analytical expres-
sions develcped 18 the magnitude of ¢ defined below., If (vr,c)i and
(vr,e)i are, respectively, the calculated and the experimental residual -
velocities corresponding to the (1)th gset of N sets of conditions, then

7 N
E: [(Vr,c)i - (Vr,e)ij

. is1
[¢] N .

1t is understood that the selection of fit is made to correspond with

the lowest chserved value of o.

The bias of the estimating equation is measured by b defined

as follows:

An effort is made to adjust the final choilces of the coefficient and

exponents in the formulas so that the bias is reasonably close to

zero.

A listing of the values of b and o for the empirical equations
for determining Vr for each of the fragment-plate combinations is

given in Table 4.
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CONCLUSIONS

1, Comparison of Performance of Fragments Impacting on Aluminum Alloy
Plate
For this situation, the comparison graphs sugpgest the follow-
ing order in the performance of the fragment materials.
1, 2. uranium and tungstan alloy
3. steel
4. aluminum alloy

This’ ordering is preserved for all obliquities and fragment
sizes considered. Furthermore, the ordering is the same whether resid-
ual velocity or protection velocity be used as the criterion.

The two dense materials, uranium and tungsten alloy, behave
remarkably zlike and the distinctions to be noted are of minor consid-
eration. At low velocities ( ~ 2000 fps) the uranium fragments appear
slightly better. This superiority vanishes as the striking velocity
increases until, at higher velocities { ~ 6000 fps), the.tungsten
ailoy fragmente appear superior. Although uranium is about 10% more
dense than tungsten alloy, this uranium product, at least, {g probably
more frangible as well.

As the obliquity increases with the plate thickness remain-

ing constant, the superiority of the denser fragment materials over
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steel becomes increasingly pronounced,

The superiority of steel fragments over aluminum alloy frag-
ments is readily apparent over the entire observed range of impact
parameters. Oddiy ewough, this degree of superiority does not vary
much with a change in obliquity.

These observations hold whether residuzcl velocity or protec-
tion velocity be taken as the criterion,

2. Comparison of Performance of Fragments Impacting on Steel Plate
(B = 100)

For this case, only two fragment materials are considered,
tungsten alloy and steel.

Whether residual velocity or protection velocity be taken
as the ériterion, the tungsten alloy fragments appear at least as good
as or superior to the steel fragments over the entire obzerved welocity
range. The degree of superiority increaces markedly with an increase
in obliquity.

3. Comparison of Performance of Fragments Impacting on Steel Plate
(B = 300)

Again, two fragment materials are considered: namely,
tungsten alloy and steel,

Whether protection velocity or residual velocity be taken
as the criterion, the tungsten alloy fragments are generally superior

with the degree Qf superiority increasing with obliquity.
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4, Comparison Summary

In comparing the performance of different fragment materials,
the weights and shapes of the fragments of these materials are held
constant. Under these conditions, tungsten alloy fragments have gen-
erally performed to advantage over steel fragments for all plate ma-
terials and impact pgrameters congidered.

With respect to aluminum alley plate, uranium fragments
have been found to perform equally well with the tungsten alloy frag-
ments, suggesting that density is an important propert§ of fragment
materizals,

Steel fragments have appeared superior to aluminum alloy
fragments throughout the observed range of impact conditions.

5. Other Comments

Since the dense materials were selected in the experimental
work for their high density and not because ¢f any other attribute, it
is likely that a dense material, selected for some additional quality

_as, for example, tensile strength, will compare even more favorably
with steel. It has been remarked that the degree of superiority of
the tungsten alloy fragments over steel fragments ‘is somewhat lessened
as the target plate material becomes tougher. One plausible reason
for this effect is that there have been more instances of fragment
break-up against the more resistant plate materials. If this tendency

can be checked by the use of dense fragments of scme other material,
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it may become possible to achieve an even greater degree of superiority
§ over steel fragments., Instauces of fragment break-up against aluminum
alloy plate were not frequent for the impact conditions investigated.
In Technical Report No. 36 one conclusion asgerted that a
single, simple, exponential type formula had been found adequate to
sredict patisfactory estimates of fragment residual velocity for steel
fragments impacting on any one of four m;terials. This conclusion
can be extended by the additiohal analyses made in the present report.
Furthermore, the conclusion can refer,as weil, to fragments other than
steel, A sample Qize of thirty data points spanning the range of
interest of the individual impact parameters seems to be sufficient
to establish the identity of a working set of constants for the type
of empirical formula proposed.

- . In the process of carrying out the procedurs outlined for
comparing fragment materials, it has been necessary to obtain several
useful empirical equations which permit the outcome cf the impact of
fragments on certain plate materials tc te anticipated., The most
notable of the developad ezuations is probably the on2 coutaining a

‘ plate hardness parameter; the equation refers to steel fragments im-
pacting on steel plate. This technique can be employed for other alloys
which vary in hardness while retaining essentially the same density,
e.g., aluminum alloys 2S0, 24 5T, and 75 ST,

In retrospect, fragments of the dense materials, iunsaten
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alloy and uranium, have performecd better than steel fragments under
the somewhat arbitrary but »ractical criteria chosen. The selection
of an optimum fragment material is not the purpose of the present re-
port. Design and economic aspects will influence the future course of
action. Additional experimentation has already been proposed to BRL
for the ballistic testing of tungsten carbide fragments. Particular
care wili be placed on observations of the break-up of this material,
A more complete comparison of the performance of fragment
materials can be achieved 1f a companion effort is made tc analyze
impect data on the residual weight of fragments. One should then be
in a better position to estimate the capacity of damage by a fragment
on a primary target partially or wholly protected by some intermediate
barrier. Useful additional residual velocity data can be obtained gi-
multaneously, Observations of recovered fragments show that in some
instances the fragment remains relatively intact, while for other im-
pact conditions no trace of the original fragment can be found even
though‘the fragment has perforated the plate. In Appendix X, photo-
graphs of recovered fragments are presented for various fragment-plate
combinatione. These photographs do not in themselves reveal the extent
of the brgak-up phenomenon, since in cases of shatter it was difficult

or impossible to recover any remmant of the fragment.
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APPENDIX I

Tungsten Alloy Fragments vs Aluminum Alloy Plate

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Seliected Piate Thicknesses
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Residual Velocity < gtrikina Velocit
Striking Velocity vs Striking y

for Seiected Plate Thicknesses

Plate "Moterioleluminum Alloy

Fragment :
Obliquity :0° '

Type: BRL Prej-formxed
Material : Tungsten Alloy
Size: 30 grains
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Residual Velocity sriking Velocit
Striking Velocity ' Striking ¥ y

for Salected Plate Thicknesses

Plafe Material: Aluminum Alloy Fragment :
Obliquity :60° Type: BRL Pre-formed
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Residual Velocity )
Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses

Plaie Material:Aluminum Allcy Fragment |

Obliquity :70° Type: BRL Pre-formed
Material : Tungsten Alioy
Size: 30 grains
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Residual Velocity 3
Striking Velocity vs Striking Velociiy

for Selacted Plate Thicknesses

Plate Material: Aluminum Alloy Frdgmenf:
Obliquity: O° Type. BRL Pre-formed
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Residual Velocity - .
Striking Veloeity VS Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:

Obliquity : 60°
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Type: BRL Pre-formed
Material : Tungsten Alloy
Size: 100 grains
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Residual Velocity Striking Velocit
Striking Velocity '° S 9 y

for Selected Plcte Thicknesses

Plate Material: Aluminum Alloy Fragment :

Obliquity: 70° Type: BRL Pre-formed
Material : Tungsten Alloy
Siz9:100 grains
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Residual Velocity
Striking Velocity

for Selected Plate Thicknesses

vs Striking Veiocity

Piate Material: Aluminum Alloy Fragment :

Obliquity: 0® Type: BRL Pre-formed
Material : Tungsten Alloy
Size:300 grains
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| Residual Velocity . '
Striking Velocity vs Striking Velocity

for Selacted Plate Thicknesses

- Plate Material: Aluminum Alloy Fragment
Obliquity: 60° Type: BRL Pre-formed
Material : Tungsten Alloy
Siza:300 grains

V,=500 V,=1000 V, 22000 v, =3000 V,=4000 V,= 5000
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Residual Velioci T i
Recidual Veiocity o Siriking Velocity
te

Striking Velocity
for Selected Pla Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliguity: 70° Type: BRL Pre-formed

< I<

to

U

Material : Tungsten Alloy
Size 1300 ¢rains
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APPENDIX 1

Tungsten Alloy Fragments vs Aluminum Alloy Plate

Vo vs Fragment Weight for Selected Plate Thicknesses
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vs Fragment Weight
for Selected Plate Thicknesses
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Vo vs Fragment Weight
for Selected Fiaté Thicknesses
Plate Matericl: Aluminum Allov Fragment:
Obliquity . &€0° Type: BR L Pre-formed

Material: Tungsten Alloy
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Vo vs Fragment Weight
for Selected Plate Thicknes
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APPENDIX 1

Tungsten Alloy Fragments vs Aluminum Alloy Plate

(Vo)w / (Vo)S vs Plate Thickness for Selected Obliguities
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CONFIDENTIAL 40,
Comparison of Sieel, Tungsten Fragments
impacting on Aluminum Alloy Plate
; 7 vs @ for Three Obliquities
NOTE: Irstole
(Vo)
27 is the Average of the Values of
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Fragment Weights for Any Given Set
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V-

Tungsten Alloy Fragmente vs Aluminum Alloy Plate

(Vr)w / (Vr)s vs Plate Thickness for Selzcted Obliquities
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Comparison of Steel, Tungsten Fragments

Impacting on Afuminum Alloy Plate

R vs e for Three Obliquit
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APPENDIX II

Uranium Fragments vs Aluminum Alloy Plate

Residual Velocity/Striking Velocity vs Striking Vglocity

for Selected Plate Thicknesses
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Residual Velocity : |
Striking Velocity VS Strlklng VG'OC"Y

for Selected Piate Thicknesses

Plate Materici: Aluminum Alloy Fragment:

Obliquity :0°® Tyoe: BRL Pre-formed

Matearial :Uranium
Size: 30 grains
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Rasidual Velocity .o si-ikin Velocit
Striking Velocity ' Striking y

for Selected Piate Thicknesses

Plate Material: Aluminum Alloy Fragment:

Obiiquity : 60° Type: BRL Pre-formed
Material : Uranium
Size: 30 grains
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Residual Velocity triking Velocit
STriking Velooity VS Siriking y

for Selected Piate Thicknesses

Plate Material: Aluminum Alloy Fragment:

Obliquity . 7G° Type: BRL Pre-formed
Material : Uranium
Size: 30 grains
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Y, it ' .y
Residual Velocity s gtriking Velocity
Striking Velocity
for Selected Plate Thicknesses
Piaie Material: Aluminum Alloy Fragment:
Obliquity : 0° Type: BRL Pre-formed
Material :Uranium
Size 100 grains
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Residua! Velocity : o
Striking Velocity ys Striking Velocity

for Selected Plate Thicknesses

Plate Material:Aluminum Alloy Fragment:

Obliquity .6C° Type: BRL Pre-formed
Material . Uranium
Size: 100 grains
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Residual Velocity ikina Velocit
Sriking Velocity VS STTIKInG ’

for Selected Plate Thicknessas

Plate Materiai:Aluminum Alloy Fragment:

Obliguity :70° Tyoe: BRL Pre-formed
Material :Uranium
Size:100 grains
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Reésidual Velocily triking Velocit
Striking Velocity vs S 9 y
for Selected Plate Thicknesses

Plate Material:Aluminum Alloy Fragment:

Obliquity :0° Typs: BRL Pre-formed

Material ;Uranium
Size 300 grains
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Residual Velocity it
Striking Velooify V° Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aiuminum Alloy Fragment .

Obliquity:50° Type: BRL Pre-formed
Mcteriol :Uranium
Size:300 grains
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Residual Velocity ; ‘ )
Striking Velocity vs Striking Velocity

for Salected Plate Thicknesses

Plate Material: Aiuminum Alloy Fragment .

Obliquity: 70° Type: BRL Pre-formed
Matericl :Uranium
Size: 300 grains
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APPENDIX II

Uranium Fragments vs Aluminum Alloy Plate

Vo vs Fragment Weight for Selected Plate Thicknesses
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Vo vs Fragment Weight
for Selected Plaie Thicknesses

Plata Materiai: Aluminum Alloy Fragment
Obliquity . 60° Typs: BR L Pre-formed
Material: Uranium
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Piate Material:
Obliquity : 70°
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for Ssiected Plate Thicknesses

Aluminum Alloy Fragment :
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Material: Uranium
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APPENDIX II

Uranium Fragmeats vs Aluminum Alloy Plate

(Vo)U / (Vo): va Plate Thickness for Selected Obliqdltiea
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Comparison of Steel,Uranium Fragments
Impacting on Aluminum Ailoy Plate

T vs @ for Three Obliauities
Vo)y:
(Volg

2.7 is the Average of the Volues of r
Corresponding to Selected Vaiues of
Fragment Weights for Any Given Set
of Values of Obliquity and Material Thickness

NOTE: l.7

3.Parometer Combinations Selected to Meet
the Requirement thot (Velg 2 400 fps

o ¥ 2 3 4 5 & r 8 8 0
e(inches of Aluminum Alloy)
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i

Uranium Fragments vs Aluminum Alloy Plate

(vr)U / (V!)S vs Plate Thickness for Selected Obliquities
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Comparison of Steel, Uranium Fragments
Impacting on Aluminum Alloy Plate
R vs e for Thres Obliquities
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APPPNDIX III

Aluminum Alloy Fragwents vs Aluminum Alloy Plate

for Selected Plate Thicknessaa
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Residual Velocity triking Velocit
Striking Velooity 'S SriKing y

for Selected Plate Thicknesses

" Plate Material: Aluminum Alloy Fragment :

Obliquity: 0° Type: BRL Pre-formad
Material ; Aluminum Alioy
Size: 30 grains
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Residual Velocity triking Velocit
Striking Velocity '° S 9 city

for Selected Plate Thicknesses

Plate Material: Aluminum Ailoy Fragment :

Obliquity: 60° Type: BRL Pre-formed
Materiai ; Aluminum Aiioy
Size: 30 grains
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rResidual Velocity . .
vs Striking Velocit
Striking Velocity 9 y

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:

Obliquity: 70° Type: BRL Pre-formed
Material : Aluminum Alloy
Size: 30 grains
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Residual Velocity ra Velocity
Striking Velocity *° Striking V y

for Selected quie Thiz4nesses

Plate Material: Aluminum Alloy Fragment .

Obliquity“.O° Tyva AR, Pre-formad
Maierisi: Aiuniinum Alloy
Size: 100 grains
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Residual Velocity trikina Velocits
Striking Veiocity 'S Striking y

for Selected Plate Thicknesses

Plate Material: Aiuminum Alloy Fragment .

O 'iquity: 60° Type: BRL Pre-formed
Material : Aluminum Alloy
Slze: 100 grains
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Plate Material: Aluminum Alloy
Obliquity: .70°

10
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Residual Velocity \
Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses

Fragment: .
Typs: BRL Pre-formed
Moaterial : Aluminum Alloy
Size. 10O grains
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Residual Velocity triking Velocit
Striking Valoeity 'S O king y

for Selected Plate Thicknesses

Plate Maferial: Aluminum Alloy Fragment !

Obliquity:0° Type: BRI Pre-formed
Material : Aluminum Alloy
Size :300 grains
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Residuai Velocity ‘
Striking Velocity > Striking Velocity

for Selacted Plate Tnicknesses

Plate Material: Aluminum Alloy Fragment:

Obliquity . 60° Type: BRL Pre-formed
Material : Aluminum Alloy
Size :300 grains
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Residual Veiocity i A it
Striking Velocity vs Striking Velocity

for Seiected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment :

Obiiquity: 70° Type: BRL Pre-formed
Materia! : Aluminum Alloy
Size:3004¢rains
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Vo vs Fragment Weight
% Selected Plate Thicknesses

i Aluminum  Alloy Fregmeni :
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Material: Aluminum Alloy
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Vo vs Frogment Weight
for Selected Piate Thicknesses
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Aluminum Alloy Fragments v Aluminum Alloy Plate

) / (Vé)s ve Plate Thickness for Selected Ubliquities
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Comparison of Steel, Aluminum Alloy Fragments

impacting on Aluminum Alloy Plate
Tvs e for Three Obliquities
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APPENDIX III

Aluminum Alloy Fragments vs Aluminum Alloy Plate

(Vr)AA / (Vt)s vs Plate Thickness for Selected Obliquities
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Comparison of Steel, Aluminum Alloy Fregments

impacting on Aluminum Alioy Plate

R vs e for Three Obliquities
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APPENDIX 1V
Comparison of the Performance of Fragments of Four Materials

Impacting on Aluminum Alloy

A, Residual Velocity vs Plate Thickness for Selected
Combinations of Fragment Weight,

Angle of Obliquity, and Striking Velocity
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Residual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Fragment:

Aluminum  Alloy

Plate Material.

Type: BRL Pre-formed

Size:

Obliquity: G°
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Striking Velecity: 3000 fps
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Residual Veiocity ve Plata Thickness
for Selected Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity
Plate Material: Aluminum Alloy Fragment:
Obliquity : 60° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 30 grains
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Plate Material. Aluminum Alloy Fragment:
Obliquity: 70°¢ Type: BRL Pre-formed
Striking Velocity: 3000 ¢fps Size: 30 grains
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Residual Veiocity vs Plate Thickness
for Salected Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity
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Plate

CONHDENTIAL

Residual Velocity vs Plate Thickness

for Seiscted Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity

Material. Aluminum Alloy Fragment:

Obliquity: O° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 100 grains
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Rasidual Velocity vs Plate Thicknass

ions of Fragment Weight,
,and Striking Velocity

inGt
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Fragment:
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Residual Velocity vs Plate Thickness
for Selected Combinaiions of Fragmeant Weight,
Angle of Obliquity ,and Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 70° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 100 grains
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Residual Velocity vs Plate Thickness
for Selectad Combinations of Fragment Weight,
Angle of Obliquity ,and Siriking Velocity
Plate Material: Aluminum Alloy : Fragment:
Obliquity: Q° Type: BRL Pre-formed
Striking Velocity: 2000 ¢ps ) Size: 300 grains
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Residual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velooity
Plate Material: Aluminum Alloy Fragmant :
Obliquity: 60° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 300 grains
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CONHDENTIAL

Residual Velocity vs Plate Thickness
for Selacted Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity

Plate Matarial: Aluminum Allov Fragment: _
Obliquity: 70° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size! 300 grains
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Residual Valocity vs Plate Thickness
for Selected Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity

Plate Material: Aluminum Alioy Fragment :
Obliquity . O° Type: BRL Pre-formad
Striking Velocity: 6000 fps Size: 30 grains
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Residual Velocity vs Piate Thickness
for Selected Combinations of Fragment Weight,
Angis of Obliquity, and Striking Velocity

Plate Material: Aluminum Alioy Fragment :

Obiiquity: go° Type: BRL Pre-formed
Striking Velocity: 6000 tps Size: 30 grains
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| Residual Velocity vs Plate Thickness
for Selectad Combinations of Fragment Weight,
Angle of Obliquity ,and Siriking Velccity

Plate Materiai. Aluminum Alloy Fragment:
Obliquity: 70° Type: BRL Pre-formed
Striking Velocity: 6000 fps Size! 30 grains
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Residual Velocity vs Plaie Thickness

tor Selected Combinations of Fragmeont Waight,
Angle of Obliquity ,and Striking Velocity

Piate Maierial: Aluminum Alloy Fragmeni:

Obliquity: 0° Type: BRL Pre-formed
Striking Velocity: 6000 fps Siza: 100 grains
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Residual Velocity vs Plate Thicknese

for Selected Gombinations of Fragment Weight,

Angle of Obliquity ,and Striking Veiceity

6000

Fragment:

Type: BRL Pre-formed
Size! 100 grains
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Residual Veiocity vs Plate Thickness
for Selected Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity
Plate Material: Aluminum Alloy Fragment :
Obliquity: 70° Type: BRL Pre-formed
Striking Velocity: 6000 fps Size! 100 grains
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Residual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weight,
Angle _f Obliquity ,and Striking Velocity

Plate Material. Ajuminum Alloy Frogmeni
Obliquity: 0° Type: BRL Pre-formed
Striking Velocity: 6000 fps Size: 300 grains
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Residual Velocity vs Plate Thickness
for Selected Gombinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity
Platg Material: Aluminum Alloy Fragment:
Obliquity: 60° Type: BRL Pre-formed
Striking Velocity: 6000 fps Size: 300 grains
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Residual Velocity ve Plate Thicknass
for Selscted Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity
Plate Material. Aluminum Alloy Fragment:
Obliquity : T0° " Type: BRL Pre-formed -
Striking Velocity: 6000 fps Size: 300 ggins
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APPENDIX IV

Comparison of the Performance of Fragments of Four Materiais

R, Plate Thickness vs Fragment Weight for Selected

Values of Vo and Angle of Obliquity
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vo

and Angis of Obliquity
Plate Material : Aluminuz; Alloy
Vo : 2000 fps

Obliquity 0°
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ckness vs Fragment Weighi
ccted Combinations of Vo
and Angie of Obliguity

Plate Material : Aluminum Alloy
Ve 2000fps

Obliquity : 60°
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Plate Thicknass vs Fragment Weighit
for Solected Combinations of Vo
and Angle of Obliquity

Plcte Materigl : Aluminum Alloy
Vo : 2000 fps

Obiiquiﬁty : 70°

¥

7

1

n

H

T
TR T

30

2o T
sm1

;:T ? :; 1 THH ' ' .?l! H t:;-:':- %ﬂ
g H gt i e AN
.':'. 1119 18 { Z"'.‘h $1 ot _': - —}: N
20-F 2 e L e a2t eseiitet-]
gaetdiani M 1 £H
= Igadsd: - F“ i Hit Lo 1 L
G R gyl i ) o2 oot it ]
5 il S LSS ~
e i ] [l \Sauisiaitils % asdifaaiin i
\ agtuggyeie. i [ uigangtares  GIiRb ]
{inches) $H0ve it it a8 LMY ol
. 1 Lot o+ \ 1 L} .4, | . L
T e A Judas g Lot [” H&] 1] i1
10 e - ki, i
g33832 $33538408 L3 EH il TR EELE AT Ho = 38 Selgditadtatit: } :_l,’";::'. :
paskias it s =K H i
08 5 : it * ged ; Bt 3;,
- (Reds
06 i ot
o 1
045 i
J ;
‘03 =NESARSRERaE H - 2 i
) A 15
= 1} R3542 s
_

.025
10 20 30 5 70 100 200 400

m {graias)

CONFIDENTIAL




CONFIDENTIAL

-115~

Plate Thickness vs Fragment Weight
for Selected Gombinations of Vo

3 and Angle of Obliquity

Plate Material : Aluminum Alloy
Vo : 4000 fps

Obliquity : 0°
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Flate Thickness vs Fragment Weight
for Selected Combinations of Ve

and Angle of Obliguity

Plate Material : Aluminum Alloy

Vo : 4000 fps

Obliquity : 60°
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Plate Thickness vs Fragment Weight
for Seiected Combinations of Vo

and Angle of Obliquity

Plate Material : Aluminum Alloy
Vo . 6000 fps

Obliquity : 0°
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Plate Thickness vs Fragment Welght
for Selected Combinations of Vo

and Angle of Obliquity

Plate Material : Aluminum Alloy

Vo : 6000 fps

Obliquity : 60"
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Plate Thickness vs Fragment Waight
for Selected Combinations of Ve

and Angle of Obliquity

Plate Material : Aluminum Alloy

Vo : 6000 fps

Obliquity : 70°
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APPENDIX IV
Comparison of the Performance of Fragments of Four Masterials

Impacting on Aluminum Alloy

( -
(o (Vo)x / \VO)S vs Plate Thickness for Various

Fragment Materiais (X)

CONFDENTIAL

-121-~




CONFIDENTIAL - v
: \p/-lza-

Comparison of Aluminum Alloy, Tungsten Alloy, and
Uranium Fraaments with Steel Fragments
Impacting on Aluminum Alloy Plate
T vs e for Three Obliquities
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NOTE :1.r=~
Fragment Materials ( X) Vol
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Corresponding to Selected Values of
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Comparison of the Performance of Fragmenta of Four Msteriale

D.
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APPENDIX IV

Impacting on Aluminum Alloy

ckn {ian
(Vr)x / (Vr)s vy Plate Thickness for Various

Fragment Materials (X)
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CONHDENTIAL 1%27

Comparison of Aluminum Alloy, Tungsten Al loy , and

Uranium Fragments with Steel Fragments
Impacting on Aluminum Alloy Plate

Rvs s for Three Obliquities

NOTE : 1.R= )X

- (Vr)g '
Fragment Materials ( X) 2.R is the Average of the Values of R for Vario
Fragment Weights and Striking Velocities; thus
Aluminum Atloy ' Depends Only on e and §
————— — Tungsten Alloy 3.Parameter Combinations Selected to Meet the
——————Uranium Requirement thot (Vr);21000 fps
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APPENDIX V

Tungsten Alloy Fragments vs Steel Plate (B ~ 100)

Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Striking Ve
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Residual VeioCity . o, Valocit
Sriking Velooity 'S Striking Velocity

for Selected Plate Thicknesses

Plate Material: Stee! (B~100) Fragment:

Obliquity: C° Type: BRL Pre-formed
Material : Tungsten Alloy
Size: 100 grains
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Residual Velocity s Velocit
Striking Velocity - Striking Veiocity

¢or Selected Plate Thicknesses

Plate Material:Stee! (B~100) Fragment :

Obliquity :60° Type: BRL Pre-formed
Materig! :Tungsten Alloy

Size 10O grains
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Residual Velocity g Striking Velocity
Striking Velocity

for Selected Plats Thicknesses

Plate Material: Steei (B~100)
Obliquity: 70°

V,s500 V=000

Fragment: _
Type: BRL Pre-formed
Material : Tungsten Alloy
Size: {00 grains

V2000 V3000  4=4000 V5000
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Rasidual Velocify 'y Valocit
Striking Velocity vs Striking Velocity

_ 4 -~ ¢

for Seiected Piate Thicknesses

Plate Mgterial: Steel (B8~100) Fragment :

Obliquity:C° Type: BRL Pre-formed
Materiai : Tungsten Alloy
Size .30 grains
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Plate Material: Steel (B~100)
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Residual Velocity ¢ gtriking Velocity

Striking Velocity
for Selected Plate Thicknesses

Obliquity: 60°

10

V,=500 V,=1000

Fragment
Type: BRi. Pre-formad
Material : Tungsten Alloy
Size:300 grains

V,=2000  V,=3000  V,=4000 Y5000
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Residual Velocity locit
Siriking Velooity 'S Striking Velocity

for Selected Plaie Thicknesses

Plate Mcterial:Steel (B~100) Fragment:

Obliquity . 70° Type: BRL Pre-formed
Materici : Tungsten Alloy
Size:300 grains
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APPINDIY V
Tungsten Alloy Fragments vs Steel Plate (B ~ 100)

)

LY

V; vs Fragment Weight for Selected Plate Thicknessas
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Vo vs Fragment Weight
for Selected Plats Thicknesses

Fragment :
Type: BR L Prea-formed
Material: Tungsten Alloy

Flate Maoterial:
Obliquity : ©°

Steel (B~100)
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Vo vs Fragment Velght
for Selectad Plate Thicknesses

Plate Material: Steel (B~100)
Obliquity : 60°

Fragment:

Typa: RR L Pre-formed
Material: Tungsten Alloy
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Vo vS Fragtnent Weight
for Selectad Plaie Thicknasses

Fragment : .
Type: BR L Pre-formed
Material: Tungsten Alloy

Plate ™aterial: Steel (B ~I00)

Obliquity : 70°
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APPENDIX VI

Tungsten Alloy Tragmentc vs Steel Flate (B ~ 300)

Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Residual Velocity o q4piki )
Striking Velocify vs Striking Velocity

for Seiected Piate Thicknesses

Piate Material:Steel (B~300) Frogment:
Obiiquity . 0° Type: BRL Pre-formad
Mataric!: Tungsten Alloy
Size: 30 grains
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Residual Velocity triking Velocit
Striking Velocity ' ° Striking y

for Selected Plate Thicknesses

Plate Material: Steel (B~ 300) Fragment :

-145-

Obliquity:60° Tyne: BRL Pre-~formed
Material : Tungsten Alloy

Size: 30 grains
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" Residual Velocity triking Velocit
Striking Velocity ' Striking y

for Selected Plate Thicknesses C—

olate Material: Steel (B~300) Fragment:
Obliquity:70° Type: BRL Pre-formed
Material : Tungsten Alloy

Size: 30 grains
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: Residual Velocity triki Velocit
i Striking Velocity ' O ‘king city

for Selected Plate Thicknesses

i A

e AR

Plate Material: Steel (B~300) Fragment

Obliquity : 0° Type: BRL Pre-formed
Materiai ; Tungsien Alloy
Size: 100 grains
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Residual Velocity ‘ . "
Striking Velocify vs Striking Veiocity

jor Seiaected Plate Thicknesses

Plate Material: Stee! (B~300) Fragment :

Obiiquity : 60° Type: BRL Pre-formed
Material : Tungsten Alloy

Size:10C grains
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Residual Valocity Striking Velocit
Striking Velocity VS S'rikirg Y

for Selected Plate Thicknesses

Plate Materig!:Steel (B~300) Fragment
Obliquity : TO° Type: BRL Pre-formed
Material : Tungsten Alloy

Size 100 grains
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Residual Velocity L )
Sthiking Veiocity VS Striking Velocity

for Selecied Plate Thicknesses

Plate Material: Steel (B-~300) Fragment :

Obliquity: 0° Tvpe: BRL Pre-formed
Material : Tungsten Alloy
Size :300 grains
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Residual Velocity c .
Stviking Veloo Ty vs Striking Velocity

for Selected Plate Thicknesses

Plate Material: Steel (8~300) Fragment :

Obliquity :60° Type: BRL Pre-formed
Material : Tungsten Alloy
Size :300 grains
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Plate Materia!: Steel (B~300)
Obliquity:70°

10
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Ras!dual Velocity e .
Striking Velocity vs Striking Velocity

for Selected Plat: Thicknesses -

Fragment:
Type: BRL Pre-fcrmed
Mataria! : Tungsten Alloy
Size:300 grains
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V,=500 V,21000
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Tungsten Alloy Fragments vs Steel Plate (B ~ 300)

Va vs Fragment Weight for Selected Plate Thicknecses
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Vo vs Fraament Weight
for Selected icta Thicknesses
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~300)
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Plate Material
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Vo vs Fragmant ‘Weight
for Selected Piate Thicknesses

Plate Material: Stes! (B8~300) Fraqment : |
Obliquity . 60° Type: BR L Pre-tformed
Material: Tungsten Alloy
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Ve vs Fragment Weight
for Ssclected Plcies Thicknesses
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Steel Fragments vs Steel Plate

Rasidual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses; B=100 '
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Residuai Velocity o .
it
Striking Velocity vs Striking Velocity

for Selected P!ate Thicknesses

Plate Material: Stee! (B=100) Fragment .

Obliquity : 0° Type: BRL Pre-formed
Material : Steel
Size: 30 grains
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Residual Velocity triki Velocif
Striking Velocity vs Striking y

for Selected Plate Thicknesses

Plate Material: Steel (B=100) Fragment :

Obliquity :60° Type: BRL Pre-formed
Material : Steei
Size: 30 grains
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Residual Velocity : i
Striking Velocity 'S Siriking Velocity

for Selected Plcte Thicknesses

Plate Materia!:Steel (B=100) Fragment :

Obliquity . 70° Type: BRL Pre-formed
Material : Steel

Size: 30 grains
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Residual Veiocity
Striking Velocity
for Selected Pla‘z Thicknesses

vs Striking Velocity

Piate Material:Steel (B=100) Fragment:

Obliquity :0° Type: BRL Pre-formed
Material ;Steel
Size:100 grains
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Residual Velocity triking Velocit
Striking Velocity - S 9 y

for Selected Plag‘a Thicknesses

Plate Material:Steel (B={00) Fragment .
Obliguity :60° Type. BRL Pre-formed
Material :Steel

Size:100 grains
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Residugi Velocity vs Striking Velocity

Striking Velocity

 for Selected Plate Tricknesses

Platc Material: Steel (B=100) Fragment:
Obliquity: O° Type: BRL Pre-formed

10

Materic! : Sieel
Size:300g¢rains
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Residual Velocifl' teiking Velocity
Striking Velocity - Striking Y

for Selected Plate T hicknesses

Plate Material: Steel (B=100) Fragment :
Obliquity : 60° Type: BRL Prz-formed
' Material ;. Steel
Size :300 grains

V,=500 V,=1000 v, 22000 v, =3000 V,=4000 V.= 5000
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Residual Velocity vs Striking Velocity

Striking Velocity
for Selected Plcia Thicknesses

Plate Material:Steel (B=100) Fragment .

Obliquity:70°
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APPENDIX VII

Steel Fragments vs Steel Plate

Residual Velocity/Striking Velocity vs Striking Velocity

for Selectad Plate Thicknesses; B=300
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Material : Steel
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~ Plote Material: Steel (B=300)

Obliquity: O°
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Residual Velocity
Striking Velocify vs Striking Velocity

for Selected Plats Thicknessas

Plate Material: Steel (B=300) Fragment:
Obliquity . 60° Type: BRL Pre-formed
. Material ; Steel

Size: 30 grains

V,=500 V,=1000  V,=2000  V,+3000  V,=4000 ' V5000
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Residual Velocity Striking Velocit
Striking Velocity vs oTriking y

for Selected Plate Thicknesses

Plate Matericl: Steel (B=300) Fragment :

Obliquity: 70° ' Type: BRL Pre-formed
Matericl: Steel
Size: 30 grains

V=500 V,:I000  V,£2000  V,=3000  V=4000 V25000
10 -
N 11T I i aen ) ! § A ¥ v i N ;1 a1 T )
T R e R AR T e e et an i \t{,_ ]

o BHE U NG L T N N N T

T
—

R«
T TT
S
-
$
1
pare

< I<
>
=
-
1
3
i A AREA B9~ .0 IR Ees

PN
i
{ha

L
BN
-
1
1
s
T
L
T
e
o
pacs
=
ins
AN
R e
jenssual, :
y 4
J i
. ¥ §
A
iy o
¥
y A
]
jad
s
.
N
N
b
h ¥
31,
b

T
AN N Ew ¥ I RNy 11 + =+t
i 5 A0 B S KRS
It ? : -

Frie
T
8
T
1.
na
=
e T
LTS ig T e 7 - T Tt T (RS EPNE 1 L B L L
T rerry b - ++ + + - n S5 MR o + L S
.[ ¢ 3 e RN SR E RS SRR R EE BARRRY G s
i
r
T
T
b
. Y
jany
1

dddy i
T . T e LLEL
aans gl k SRaERYARNA HEEE IEFLdaqaiaaieds siiiazanaw
4 4 b . - an b1 8 -t L b4 . .
F RSN (BUnSRugny 95 ..f,_ N EFETFE N SR EaagasaNuy 4 & A -4 HH
- g 5 N - Ly . NEAERS . RN - L L L - {14
aueg _]% N 15:‘...4" L {.r Sund sud PR -4

0 1000 2000 3000 4000 5000 6000
V,(fps)

CONFIDENTIAL




e St s s e

B R TP Bt st e e e

CONFIDENTIAL

-171-

Residual Velocity oL :
Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses

Plate Material: Steel (B=300) Fragment:

Obliquity:0° Type: BRL Pre-formed
Material : Steel

Size:100 grains

V=500 V,=I000  V,=2000  V,:3000 V4000  V,=5000
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Residual Velocity '
Striking Velocity vs Striking Velocity

for Selected ~iate Thicknesses

Plate Material:Steel (B=300) Fragment :

Obliquity : 70° Type: BRL Pre-formed
Material : Steei

Size: 100 grains
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Residual Velocity o giriking Velocity
Striking Velocity

for Seiected ~late Thicknesses

Plate Material: Steel (B=300) Fragment :

Obliquity: 0° Type: BRL Pre-formed
Material : Steel
Size :300 grains

V,3500 V=000  V,=2000  V,=3000  V,=4000  V,=5000
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Residual Velocity .. Striking Velocity

Striking Velocity

for Selected Plate Thicknesses

Plate Material: Steel (B=300) Fragment :

Obliquity: 60°

V,s500 V,=I000  V,=2000  V,=3000

Type: BRL Pre-formed
Material : Steel
Size ;300 grains

V,=4000  V,=5000
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Residual Velocity . e
Striking Veloc Ity vs Striking Velocity

for Selecte< Piate Thicknesses

Plate Material: Sieel (B=300) Fragment :
Obliquity . 7C° Type: BRL Pre-formed

<lI<
o)

Materic! : Steg!
Size :300 grains
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APPENDIX VII

Steel Fragments ve Steel Plate

C. Vb vs Fragment Weight for Selected Plate Thicknesses;

”=109, 300, 500
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Vo vs Fragment Weight
for Seiecied Plate Thicknesses

Type. BR L Pre-formed

Fragment :

Steei

Plate Materiai:
Obliquity : o°

Steel

Materia!:

Key for Hardness
of Plate Material
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Vo vs Frogment Weight
for Selected Plate Thicknesses

Plate Material: Stesl Fragment :
Obliquity : 60°

Type: BR L Pre-formed
Material: Steel

Key for Hardness
of Plote Material

20001 SRE
S “.'W""’;’. |~ ~.~~hr— Aos
TFI N*-._<; aanas i’ihht:::::“.
\U(fps) it S n
tn
1000 .luJ
800K 171
== T
600
500
400 < SESE e
10 ' 20 3¢ 50 7O 100 200 200 200
m(grains) '
CONFIDENTIAL




e R e 8 e s s s e e e T it SRR =1

4

P
b
I~~

y
o

300 400

ibtifi]

L Pre-formed
h~~~

Steel
200

ugy
li‘ / T PaNESE!

3 N
!
s LD

o]
(=4

o
Material:

1
I

Fragment:
y

@ Thicknesses

>
=
° = 8
@ L= o
——d EE &
< = N EEEE =
= = FEE T/ o B <
Z s 2 P N FEEE ° 5 =
b mm” -"U o ‘C _ m.mmnnnnnuknqﬁhﬁ s “m“”
- € 9 S o Ll
= = °Ts5 || ESEAEE o & )
L o c = EEEE o ar Q E Qo
Z - Te | = . o
Q b 55 || EELE Z
QO o > I =4 Q
> ¥ © I St O
3 7
p . =
m

Steel
B= 100
B= 500
L1
~

b g Y

20

for Seiscisd Pi

—d

70°

Plate Material
Obliquity :

-180-
§000.




CONFIDENTIAL

-181-

APPENDIX VIII
Comparison of the Performance of Steel and Tungsten Alioy Fragments

Impacting on Steel Plate

A. Residual Velocity vs Plate Thickness Zfor Seiected
Combinations of Angle of Obliquity,

Fragment Weight, and Striking Velocity
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Residual Velocity vs Plate Thickness

for Selecisd Combinations of Fragment Weight,
Angle of Obliquity ,and Striking Velocity

Plate Material: Stee! Fragment:
Obliguity: 0° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 30 grains
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for Selected Combinations of Frogment Waeight,

CONHDENTIAL

Residuc’ Velocity vs Plate Thickness

Angle of Obliquity ,and Striking Velocity

Plate Material: Steel
Obliauity . &0°

Striking Veiocity: 3C00 fps
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Sizse: 30  arains
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Residual Velocity vs Plate Thickness
for Selected Cumbinations of Fragment Weight,
Angle of Obliguity ,and Striking Velocity
Plate Material: Steel Frogment:
Obliquity: 70° Type: BRL Pre-formed
Striking Velocity: 3000 fps Size: 30  grains
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APPENDIX VIII
%g Comparison of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

2

! ~"‘.3rt~' RATC CRPORINPRPERIPE
A b e LA e

E c. (Vo)w / (Vo)S vs Plate Thickness for Selected Obliquitiea; B=100
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Comparison of Steei , Tungsten Alloy Fragments
Impacting on Steel Plate (B= 100}

T vs & for Three Obilquities
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VO )s

2.7 is the Average of the Vaiues of r
Corresponding to Selected Veiites of
Franment Waights for Any Given Set
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APPENDIX VIII
Comparison of the Feriormance of Steel and Tungsten Alioy Fragments

Impacting on Steel Plate

(Vo)w / (VO)S'V- Plate Thickness for Salected Obliquities ; B=300
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Comparison of Steel , Tungsten Alloy Fraaments
impaciing on Steel Plate (B=300)

T vs e for Three Obliquities

{Vo )W
Vo) s

2.7 is the Average of the Values of r
Correspcnding to Selecied Values of
Fragment Weights for Any Given Set
of Values of Obliquity and Material Thickness
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APPENDIX VIII
Comparison of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

E. (V;)w / (Vr)s vs Plate Thickness for Sclected Obliquities; B=1G0
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Comparison of Steei, Tungsten Alloy Fragments
impacting on Steel Plate (B=100)

R vs @ for Three Obliquities
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Comparison of Steel , Tungsten Allov Fragments
Impacting on Steel Plate (B=300)

R vs e for Three Obliquities
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The first report on penetvation issued by this iaboratory e -

s &

was published in Septembex 1954 ag Technical Report No. 14, "A Suggesﬁed
Technique for Predicting the Perfcimance of Armor-Piercing Projectiles
Aciing on Rolled Homogeneoua Armor''.

A second report was published in July 1956 as Technical Report
No. 25, "A Comparison of Various Materials in Their Resistance To
Perforation by Steel Pragments; Empirical Relationshing'. In this
second report, ballistic 1limit data for steel fragments impacting on a
number of matorials are analyzed. ZEmpirical formulas are develcped to
permit estimates of the ballistic iimit for wide ranges of combinations
of impact parameters,

A third report was published in April 1955 as Technical Report

Ao oY

. PR

No. 36, "A Study of Rusidual Velocity Data for Steel Fragmemnts ImpuctinQN
on Four Materisls; Empirical Relationghips”. Empirical formulas of the
same type are fitted to the data for :ach materigl, thereby relating
regsidual velocity to important impact parameters, Three sets of graphs
are congtructed based on these formulas. These sets of graphs permit,
in turn, (1) a compariscn, on an equal weight basis, of the resistance
of four materials under impact, using as a criterion, the loss in
veiocity experienced by tha fragmenr during parforation, (2) a pictorial
represantation of thes variation of fragment residual velocity with
striking velocity for vgr;ous thicknesses of materials under certain
fixed conditions, and (3) the variation of protection velscity, approxi-
mated analytically, with fragment weight for various thicknesses of

materials under certain fi:ied conditions.
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BEST AVAILABLE COPY

¢ Unfired and Recovered Fragmentg
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BEST AVAILABLE COPY

Photogrophs of * .. Fragments

Uruanust:

grains 60 grains 120 grains 240 grains
Tungsten Alloy

. ‘*A

grains

grains 60 grains 120 grains 2740 grains

Aluminum Alloy

arains 60 grains i20 grru'i’ﬁs 240 grains
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S
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V. : 3946 fons
V.: 1966 £ps
M’ 120 grns

;; 13 grns
mr: 13 grns
€ .500 in

Vi 1449 fps

]
V_: 1150 fps
s £ grns

mr: 60 grns

e 60 grns
e : .063 in
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2 113 grns
< .250 in
e 700

.- 3859 f£ps
V.: 1756 fps

. . i
ms. 120 grns
- )

T 70 grns
mr; 68 grns
e :
6 :

.5 2183 fps
V_: 1621 fps
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“s” SV grns
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-233-

54 grns
93 grns

2383 fps
1643 fps

30 grus

2235 fps
1651 fps
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URANIUM FRAGMENTS RECOVERED AFTER IMPACT ON

Vs: 5062 fps
Vz:nuZAOO £ps Vs: 1819 fps
m 240 gras m 240 grns
Er 207 grns m: 96 grns
m 207 grns m 32 grns
1.00 in e 1.5 in
0° 6 : 0°
4 v
VS: 5270 fps V_: 5920 f£ps
V. : 1226 fps V : 2198 fps
r Y
m : 240 grns m : 120 grns
s 8
;r: 29 grns . ;r: 5 grns
mr: 29 grns m ‘S grns
¢ : 1.00 in e : .500 in
60° 70°

VS: 2557 tps VS: 3101 fps
Vr: 2216 fps Vr: 2292 fps
m 120 grns m_: 120 grns
;r: 120 grns ;r: 103 grns
n 120 grns m_ 125 grns
e : .250 in e : 560 in

0 0° o : 0°
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ALUMINUM ALLOY

v
s
vV :
s
m :
S
- 36
mr 36 grns
m 36 grns
e .500 in
6 60°

Vr 3449 fps
m: 120 grns

Er: 54 gras
m : 16 grns
T

e : 1.00 in

8 : Oo

m_ 120 gins
m 116 grns
m 116vgrns
e 25G in

8 60°




V : 3691 fps
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URANIUM FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINU# ALLOY

v 2468 fps Vs: 3512 fps
v 2140 fps Vr: 2753 fps

m, 240 grns m : 240 grns
;r: 233 grns ;;: 226 gras
m_ 233 grns m, 226 grns
e 125 in e «250 in

) 70° 60°

fps
fps Vr: 2264 fgs
grns m: 240 grns
grns ;;' 214 grns
grns mr: 73 grns
in 2 : .500 in

€ : 0°

s
V.: 2504 fps
m_: 240 grns
m 195 grns
m : 183 grns
e .250 in
8 70° 6 70°

CONFIDENTIAL

o

V : 3633 fps
V_: 2550 fps
m_: 240 grns
ar 186 grns
m: 74 grns
e

.375 in

V 1 3835 fps
s

Vr: 2057 £ps

m,: 240 grns

m 130 grns

mr: 130 grns
e : 1.00 in

- o

2] 0

Vs: 4718 fps
Vr: 2628 fps
m : 240 grnsg
S

;; 31 gras
m.: 31 grns
e .500 in

8 70°
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

8 70°
®
D
2
Vs: 3174 fps

m : 120 grns
s

;r: 92 grns

m_: 92 grns
e : .091 in
8 0°

Vs: 3147 fps
vr: 2617 fps

mS: 120 grns
;r: 100 grns
m 100 grns
e : .,091 in

6 : 70°

s

vV : 0

r

ms: ZQO grns

;_ 240 grns

m_: 240 grns

e : .500 in

8 60°

VS 4430 fps

A 1748 fps

m 60 grns

;* 49 grns
: 49

n_ grns
: .500 in

2 6c°

S: 4884
V : 4412
r
m : 120
s
m : 83
b
m : 83
r
0 .091
e : 70

CONFiDENTIAL

Vs: 2147 fps
V_: 0

T

m 240 grns
m_: 177 grns
m: 129 grns
e .250 in
6: 70°

Vs: 3635 fps
V 1 2488 fps
T
ms: 240 gros
;r: 230 grns
m 230 grns
250 in
K 70°
. P M
,gga!!"_‘ 2
v 4910 fps
Vr: 4376 fps
m 120 grns
mr: 92 grns
m 58 grns
e 091 in
70°
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TUNCSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

VS: 3218 fps Vs: 3158 fps VS: 2941 fps
Vr: 1886 fps Vr: 1800 fps Vr: 1929 fps
mg 60 grns m 60 grns m ! 120 grnz
m 56 grns m.: 59 grns m_: 115 grns
m 56 grns m 5% grus m 99 grns
e .250 in e : .250 in e : .,250 in

6 :  60° g:  en° , 6 :  60°

3719 fps V_: 3733 fps
Vf’ 2232 fps Vr: 2516 fps
m 240 grns m: 240 grns
- Br: 174 gras ;r 179 grns
m 118 grns m 126 grns m 179 grns
e 250 in e : .500 inm e .500 in
6:  60° o 60° 60°
VS: 4918 fps VS: 4871 fps Vs: 3153 fps
Vr: 4877 £ps Vr 4840 fps Vr: 3051 fps
m 120 gras m: 120 grns m i 120 grns
Er 72 grns ;r' 95 grns ;r: 78 grns
m 72 grns m 95 grns m 78 grns
: .091 in e : .091 in e : .091 in
0° 9 : 0° 6 : 0>
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLCOY

4150 £ps
0
3G grns

23 grns

23 grus
.500 in
60

[o}
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Vs: 2450 fps
vV : 0

r
m_: 30 grns
m 30 grns
m: 30 grns
e : .500 in

e : 0°

s: 3381 fps
/2 o

r

1g 60 grns
m ~€ gras
m 16 grn;
e : .500 in

6 60°

Vv : 3643 f

s 843 fps
Vv : 4]

r
m 120 grns
;r: 80 grns
m 80 grns

: 1.00 in
e : 0°
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IM

.
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V}: 3500 fps
m 240 grns
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m 145 grns
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6 : 0°

Vs: 3123 fps
Vr' 2007 f£ps
m: 120 grns
m 110 grns
m 110 grns
e : 1.00 in

6 0°
VS: 3968 fps
V. : 3564 fps
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;r 56 grns
m 56 grns
e .250 in

6 : 0°
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PACT ON ALUMINUM ALLOY
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON STEEL (B~300)

‘galg-

1030 fps

Vo
]

vV 0

r

ms: 30 grns

m, 3C grns

m : 36 ¢rns
r

e : .06 in

8 : 0°

VS: 1234 f£ps
vV : 0
r
ms: 60 grns
Er: 59 grgs
m.: 59 gras
e : ,125 in
o : Oo
@
Vs: 4314 fpg
Vr' 3100 fps
ms: 60 grns
m.: 26 grns
m 26 grns
250 in
0°

V. 1791 fps

s
vV : 0

r
m: 30 grns
;r: 30 grns
m, 30 grns
e : ,125 in

0°

V_: 3034 fps
V_ i 1492 f£ps
m : 60 grns

;r: 54 grns
m,: 54 grns
e : ,130 in

) 0°

Vs: 947 fps
vV : 0

r
m s 120 grns
Er: 117 grns
m 117 grne
e : ,125 in

) 0°

b4

vl 2488 fps
v 0

r
m 30 grns
m : 11 grns
. . 1
mr' 11 grns
e : 06 in

6 60°

s
vV ¢]

T

ms 60 grns
;r: 49 grns
m, 49 grns
€ : ,250 in

9 : 0°

."
VS: 1886 fps
Vo 0

by
m

120 grns

=

;r: 103 grns
m

76 grns
e ¢ .250 in
o
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TUNGSTEN ALLOY FRAGMENTS RICOVERED AFTER

V_: 3584 fps

v ¢

r

m 120 grns
5;: 106 grns
m 106 grns
e : .500 in

e : 0°

S

vV : 0

r
m 240 grns
;;: 230 grns
m 230 grns
e : .500 in
8 0°

V_: 3956 fps

V_: 3400 fps

m_: 240 grne

5;: 168 grns

m_ 37 grns
D125 in

8 : 60°
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Vs: 4942 fps
vr: 2160 fps
. 220 gras
ms 20 gras
Er: 54 gras
m : 54 grns
e : .,500 in
6 : 0°

V5 3947 fps
Vr: 1665 fps
: 240
m, 40 grns
;r: 133 grns
mr: 72 grns
e : 250 in
60°
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3835 fps
3675 fps

240 grns

222 grns
136 grns
<125 in

3870 fps
3225 fps
240 grns

137 grns
137 grns

.125 in
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Vs 3184 fps
v.: 0
r

m: 30 grns
5;: 17 grns
m_: 10 grns
e : .078 in
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Vs: 4108 £ps
vV _: 0

T
m: 30 grns
;¥: 8 grns
m 8 grns
e .125 in
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v .. 0]
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m 6 grns
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8 60°

Vi 2123 fps

s
V. G

r
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Vs 5248 fps
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Vs: 5160 fps
Vv : 0

r

0 Lo

m 240 grns
B}: 5 grns
m § grus
r

e @ .250 in

6 :  70°

Vs: 2984 fps
Vr: 2265 fps
m 120 grns
o . 1 -
m_: 117 grns
m_ 117 gens
e : 125 in

8 . 0°
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14

[es]

CONFIDENTIAL

AGMENTS RECOVERED AFTER IMPACT ON STEEL (B~300)

. 4991 fps
Vr: 3925 fps
- ’ be ] ~
m 30 grns
m_: 6 grns
m_: 6 grns
e : .125 in

9 " 0°

;r: 224 grns
m_: 224 grns
e : 125 in

5 : 0°

138
138
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APPENDIX XI

Firing Data

Note: 1In each of the tabulations which follow,
it is to be understood that a complete
penatration of the target plate was
actually experienced or else deduced
from actual firings. This remark clari-
fies thogse data gamplesg for which the
residual velocity is reported as zero.
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A. TUNGSTEN ALLOY FRAGMENTS IMPACTING ON ALUMINUM ALLOY PLATE

e m 8 Ve Vr
Datum No. (inches) (grains) (degrees) - (fpe) (£ps)
1 .091 240 70 987 0
2 1.000 60 0 4722 0
3 .091 60 70 1598 0
A 1,000 240 0 2801 0
5 091 240 0 478 0
6 .500 240 0 1291 0
7 .091 60 o 586 Y
8 .500 60 0 2185 0
9 .500 60 45 2717 0
16 . 500 249 45 1765 0
11 2.000 240 0 5700 0
12 .250 60 0 391 0
13 .500 240 60 2169 0
14 .250 249 70 2135 0
15 091 240 a0 1234 o
16 .091 120 0 603 0
17 1.000 120 0 2831 0
18 .091 120 70 &01 0
19 .091 60 60 987 0
20 .250 60 60 1968 0
21 .500 60 60 3300 9
22 .250 60 70 2884 0
23 . 500 30 5 2408 U
24 .091 30 70 1382 O
25 1.000 30 0 4400 0
26 .500 30 60 4124 0
27 .250 30 70 3582 0
28 1.500 60 0 7500 0
29 2,000 120 0 8500 0
a0 3.000 240 0 1000Q 0
31 .250 240 o 3754 3492
32 . 250 240 0 3769 3500
33 1.000 240 0 3724 - 2486
34 1.000 : 240 0 3722 2391
35 1.000 120 0 4500 2500
36 .091 120 0 4871 4840
37 .091 120 0 4918 4877
38 .091 120 0 3153 3051
39 .091 120 0 3174 3091
40 .250 - 60 0 2867 2501
41 .250 60 0 2867 2420
49 .250 60 0 3968 3564
43 .250 60 0 4250 3954
44 .250 60 60 3213 1886
45 .250 60 60 3158 1880
46 .250 120 © 60 2941 : 19020
47 .250 120 60 5012 2167
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A. TUNGSTEN ALLOY FRAGMENTS IMPACTING ON ALUMINUM ALLCY PLATE
(CONTINUED)
€ ’ m ) Ve Vy
Datum No.  {inches) sgeeing) (degrees) (fea) (fpe}

48 .500 240 60 3719 2232
49 .500 240 60 3733 2516
50 .500 6G 60 4452 1142
51 .500 60 60 4452 2048
52 .500 20 60 4430 1748
53 .250 240 70 3654 2324
54 250 240 70 . 3635 2488
55 .091 120 70 3147 2617
56 091 120 70 3676 2435
57 .091 120 70 4884 4412
58 091 120 70 4910 4376
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Datum
No.
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36
37
38
39
40
41
42

R,

e

(lnches)
<500
1.000
.250
.500
.750
1.000
.250
.375
.500
.750
.063
.125
L1258

.250
.375
.250
. 250
.375
.125
125
V250
.250
. 500
.7590
1.000
1.000
1.500
.500
1.000
250
.250
.375
.375
.500
2.000
.500
.080
.125
.250
.500
.125
. 500

CONHDENTIAL

URANIUM FRAGMENTS TMPACTING N ALUMINUM ALLOY PLATE

m 2] Ve
(grains) (degrees) BN (fps)
240 0 120 2974
240 0 120 3680
120 0 120 2605
120 0 120 3155
120 0 120 4133
120 0 120 3913
60 0 120 2228
60 0 120 2828
60 0 120 3506
60 0 120 3377
60 70 120 1483
60 70 120 2930
60 60 120 2276
60 60 120 3394
240 60 120 3689
240 60 120 3552
240 70 120 3736
240 70 120 3901
240 70 120 2500
120 70 120 2658
120 70 120 3507
120 60 120 2792
120 60 120 3999
120 60 120 6202
120 0 120 6198
120 0 120 5356
240 0 120 5091
240 h0 120 -4995
240 60 120 5333
30 ] 120 2464
60 70 120 3556
60 60 120 3337
120 70 120 3958
120 70 120 6007
240 0 123 5681
30 0 120 4778
30 60 120 1526
30 60 120 3707
30 60 120 4991
30 60 120 5547
30 70 120 3321
240 70 120 4771
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Datum No.

QWD DU WA
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e
(inches)

125
. 250
.500
.125
.072
072
.125
.123
072
.125
.072
. 500
.072
.125
.250
072
.125
072
.250
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m
(grains)

240
260
240
240
120
120
120
60
60
60
60
60
30
30
30
30
30
30
60

0
(degrees)
0
0
0
70
60

70
£0
0
60
60
70
0
0
0
0
60
60
70
0
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MINUM ALLOY FRAGMENTS IMPACTING ON ALUMINUM ALLOY PLATE

(£ps)

30932
4059
4958
4075
2175
2690
2245
1813
1885
3587
4026
5011

2267 .

2967
3366
2855
4580
3538
3904
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(£ps)

2693
3191
3506
3136
1184
1186
1176
1175

793
2021
1596
1074
1480
1446
1254
1315
1265
1057
1949
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TUNGSYE i ALLOY FRAGMENYS IMPACTING ON STEEL PLATE (B ~ 180}

e
{inches)
.500
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.250
.125
.250
.250
.050
.050
.250
.250
.250
.050
.050
.125
.125
.500

m
(grains)

120
60
60
60
60

240

240

240

249
60
60

240

240
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120
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6
(degrees)

QoCo

=

v
2700
3800
2500
1850
1425
3766
3752
1940
1913
2712
2790
43513
3514
3413
2284
3067
3619

Vr

(fps)

[= e Ne Ne e

3079
2920
1898
1853

1404

1518

L0
LS 2

3317
3295
1734
2100
1040
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E. TUNGSTEN ALLOY FRAGMENTS IMPACTING ON STEEL PLATE (B ~ 300)
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.125
125
.060
.060
.125
.250
.250
.125
.500
.500
.060
.060
~.060
.500
.500
.250
.250
.250
.250
.125

Qe

.125
.125
.250
.500
125
.125
.125
.125
125
«250
.250
.500
.500

m
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(graing) (degrees)

60
- 60
30
30
30
60
120
120
120
240
240
240
240
240
240
0
240
120
120
120
o0
60
60
120
240
240
240
240
240
240
740
740
240
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BHN
370
376G
410
410
370
388
388
370
376
370
410
410
410
370
370
388
388
388
388
370
370
370
3gss
370
370
370
370
370
370
388
388
370
370
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1295
1492
3100
2160
3675
3400
1980
2005
3225
1665
1840
1670
1550




-254-

F,

STEEL FRAGMENTS IMPACTING ON STEEL PLATE OF VARLCUS HARDNESSES

e

Datum No. (inches)

O OO N W

.060
.060
.060
.060
.060
.060
.018
.018
,018
.018
.125

125

.125
.125
.125
.125
.125
.125
.125
- 250

ar
.250

.250
.625
.500
1.000
.500
1.000
.500
.063
1.000
1.000
1.500
1.000
.250
.060
.060
.060

.060

.-

.13z
.132
.132
.132
.132
.132
.060
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m ’ 6

(grains) (degrees)
120 . 60
30 0
30 60
60 0
60 60
120 70
30 70
30 0
60 0
60 70
60 0
120 60
240 0
60 0
£0 0
30 0
120 0
240 0
240 60
240 0
50 e
240 60
30 0
30 0
120 0
120 70
240 0
240 60
240 70
30 0
240 45
240 0
60 0
30 0
- 240 70
240 70
240 60
240 60
240 70
240 70
240 60
240 60
120 60
120 60
60

120
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135
135
135
135
135
135
135
135
135
135
125
135
300
300
300
300
300
300
300
250
306
300
410
200
128
200
128
200
110
128
128
141
128

92
100
100
100
100
100
100
100
100
100
100
100
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4158
4447
ERELE
A
32¢
314¢€
4r or
3058
2\“«30
2259
3742
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F. STEEL FRAGMENTS IMPACTING ON STEEL PLATE OF VARIOUS 'IARDNESSES

(CONTINUED)
e m 0 Vr
Datum No, (inches) (grains) fdeyrees) BYN (fps)
46 .060 120 60 106 3976
47 .060 120 70 100 2395
48 .060 120 70 - 100 2981
49 .060 120 70 100 3384
50 060 60 60 100 3280
51 .050 60 60 100 2281
52 .029 50 60 1170 4674
53 ' .029 30 60 100 4339
54 ' .029 30 70 100 2576
55 .029 30 70 100 3478
W1 029 30 70 100 3838
57 +250 240 70 350 0
58 125 240 70 350 0
59 .078 240 70 ase 0
60 .125: 120 70 350 0
61 125 ' 120 60 350 0
62 .078 120 60 350 0
£3 250 120 60 350 0
64 .078 30 (] 350 0
65 125 30 60 350 0
66 .029 30 o 90 i
67 .061 an i Wi g%
£ i 3 £ 7
£ 17 {i
BEST AVAILABLE COPY
BEST MAILABLE copy
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U.S. ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND 21005-5066

AMSRL-OP-SC-AP (380a) ERRATA 15 Fébr;ary 1994

MEMORANDUM FOR Administrator, Defense Technical Information
Center, ATTN: DTIC-HDS, Cameron Station,
Alexandria, VA 22304-6145

SUBJECT: Distribution Statement for Project Thor Technical Report
No. 41

1. Reference: Project Thor Technical Report No. 41, "A Compari-
son of the Performance of Fragments of Four Materials Impacting on
Various Plates," prepared by the Ballistic Analysis Laboratory,
Johns Hopkins University for the U.S. Army Ballistic Research Lab-
oratory, May 1959, AD no. 309198.

2. Subject area experts have reviewed the subject report and have
determined that it no longer contains information which requires
limited distribution. Therefore the following distribution state-
ment applies:

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNI.IMITED.
Please annotate your records accordiﬁgly.

3. Point of contact Mr. Douglas J. Kingsley, DSN 298-6960.
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Beyanl L S MICLER

Chief, ARL-APG Security Cfflice



