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ABSTRACT

Residual velocity data for fragments of four different

material5, aluminum alloy, steel, uranium, and a tungsten alloy,

impacting on various plates are analyzed,. The range of fragment nizes

is from 30 to 240 grains while the fragment 9triking velocities are

usually no higher than 6000 feet per second. Empirical formulas are

fitted to the body of data for each fragment-plate combination. Sets

of graphs are displayed 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 jrnd shape of the fragments.

The ordering of the fragment materials is found to correspond with

their densities, with better performance corresponding to increasing

density.
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I NTRODUCTI ON

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

analysis is to prcvide 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 applicable to problems related to the vulnerability of

material configurations used in structures of aircraft and missiles.

Other experiments on penetration have revealed that a fragment

that remains intact after impact will usually "perform" better than

another fragment that breaks up, all other factors being equal. Is it

possible to use fragments of materials other than steel to advantage in

some situatinns? The blithe assumpcion that steel is the optimim frag-

ment material r•jures frequent reappraisal.

The retardation of a fragment in flight is less for a given

fragment than for another fragment of the same weight, same'shape, and

lower density. This effect is more pronounced at low altitudes than at

altitudes where the air resistance is negligible. This phenomenon i1

a point in favor for high density fragments,

CONFIDENTIAL



CONFIDENTIAL

-2-

The fragment materials selacted to provide data for this

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

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

!Iith lght gas guns presently in use at BRL, velocities for

steel fragments (and for fragments of less dense materials) over

10,000 fps are possible. However, for this study, the comparison is

restricted to fragment striking velocities no higher than 6000 fps

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

ments at much higher velocities would have involved technical diffi-

culties with accompanying delays. Wherever data were available at higher

striking velocities, they were included in the appropriate sample. A

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,:agment Marerials and Densities

Densit•

Fragment Material (ib/ft )

uranium 1166

tungsten alloy 1050

steel (S.AE i020-, 485

aluminum alley (2024ST) 175
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This report will deal primarily with a comparison of the

performance of tungsten alloy fragments with steel fragments. Data

or the two other fragment materials are included wheraver possible to

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 have been fired at

steel plates.

In Technical Report No. 36*, a method is described for obtain-

ing empirical equations from residual velocity data to relate residual

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

form:

V r= V - k (eA)a m1 (sec ) 7  V sr s s

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

V is the fragment striking velocity in feet per second,

e is the plate thickness in inches,

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

m is the weight of the fragment in grains,

0 is the angle between the trajectory of the fragment and the

normal to the plate, and

k, a, f3, y, X are constants that are determined separately for

each fragment-plate combination.

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

Residual Velocity Data for Steel Fragmets ImpactinR on Four Materials:

Empirical Relationships, (U), April 19 5 8 , Confidential Report. ''/ 7'
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The plate Brinell Hardness Number B has also been found to

be a useful parameter.

This same procedure has been utilized to provide analytical

expressionn relating to each of the following fragment-plate com-

binations:

1. uranium fragments ana aluminum alloy plate,

2. tungsten alloy fragments and aluminum alloy plate,

3. aluminum alloy 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 various hardnesses.

The empirical equations relating to steel fragments impacting

on aluminum alloy plate have already been discussed in Technical Report

No. 36.

In the latter report, an analysis was made of residual velo-

city data for steel fragments impacting on 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

insertion in the basic equation of the factor exp (0B2 + wB). The
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form of this factor, which, if c < 0, has a maximum at B - w/2G, re-

flects the fact that maximun resistance occurs for an intermediate

value of B. This effect is not considered for tungsten alloy frag-

ments impacting on steel since the range of plate hardness in the data

sample is small.

All constants are determined by application of the method

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

log (Vs -V) - log k + a log (eA) + 0 log m + 7 log sec 0 + X log Vs

+ 0.4343 (eB2 + WB).

It should be noted that the graphs in Appendix VII for

steel fragments impacting on steel plates (B - 100) do not coincide

with the corresponding graphs for "mild" steel plate in Technical

Report No. 36. This is understandable since the mild steel grijphs in

the latter report represent a compromise in plate resistance over a

considerable range in plate hardness (BHN 80 - 200).
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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 approximaLily C-35 Rockw.ell.

The tungsten alloy fragments were obtained from two sources,

(1) Fansteel Metallurgical Corp., Metals and Fabrication Division,

North Chicago, Illinois, and (2) P.R. Mallory and Co., Inc., Ind..ap.

olis 6, Indiana. It was quickly ascertained by test firings that the

respective products, Fansteel 77 and Mallory 1000 are nearly alike in

ballietic performance. Each of these products is an alloy containing

approximately 897 tungsten, 77 nickel, and 4% copper. The alloy is

made by powder metallurgy and has about the same tensile strength as

the best grades of ccid draitn steel. It is non-rusting and non-magnetic.

Thc 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 Chamical 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-

ments after impact. These fragments have been mounted on panels with

related information attached. Photographs of these panels are presented

in Appendix X. For simplicity, both the weight mr of the largest piece

of the recovered fragment and the totel weight m of l!l the pieces ofr

recovered fragment are supplied, rather than the weight of each individ-

ual piece. In some instances of fragment break-up, several pieces of

the original fragment were found. The photographs are helpful in point-

ing out the phenomenon of fragment break-up and the inherent loss in

weight 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 break-up

is a more serious 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 damage capacity of spall

fragments can be investigated simultaneously, Useful laboratory data

along these lines will be difficult to obtAin, and new masuring tech-

niques may be required. Nevertheless, the need for such data is clear.

The impact phenomenon of fragment on plate can then be more fully

evt-luated.
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TECANIQUE FOR COMPARING FRAGMENT MATERIALS

The plan which is being u&s.d to provide a comparison of

fragment materials is:

1. Adopt an appropriate criterion as a basis for com-pa•,• -n

of fragment materials.

2. Develop empirical equations for estimating fragment

residual velocity as a function of the impact parameters

for each fragment-plate combination.

3. With the uae of the empirical equations, prepare seti of

graphs relating selected pairs of impact parameters.

4. Exanmtna corresponding values on these sets of graphs for

fixed nets of conditions imposed by the criterionýadopted

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

Many criteria are conceivable for use in comparing the per-

formance of fragmeht materials. Three criteria are selected here for

discussion.

1. The weij~hts and impact areas of the fragments of the

varioas materials are held constant.

2. The shaipes and volumes of the fragments of the various

materialls are held constant,

3. The weights and shapes of the fragments of the various

materials nr_ held constant.
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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 tungsten

alloy fragments with pencil-shaped steel fragments. This would prov.de

an unwarranted advantage to the fragments of low density.

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 emphasai in all of the criteria mentioned above is on

fragment velocity. Under the adopted criterion, the "better" fragment

material is the one for which the fragment requires a lower velocity to

perforate a given thickness of plate material, or it is the one for w.hich

a greater residual velocity is to be expected, granted that perforation

takes place. Yet this is not the complete story. The residual weight

of the fragment after impact is also in important feature. It has not

yet been established that the "better" fragment under the criterion

adopted above is also the fragment which can be expected generally to

have the greater damage potential after impact. A detailed study of

fragment rciaidual weight is required before any Lonclusions 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 imp~act.

To ,execute the plan outlined above it has been found expedient

to introduce new symbols; these are:

(Vr)w9 the residual velocity (fps) for a tungsten alloy

fragment,

(V r)up the residual velocity (fps) for a uranium fragment,

(Vr )AA, the residual velocity (fps) for an aluminum alloy

fragment, and

(Vr)s9 the residual velocity (fps) for a steel fragment.

In a similar manner (V )U, for example, will be the value of V for a
0

uranium fragment.

The V symboht is used to denote the value of the striking0

velocity V obtained in the empirical formulas by setting the residual

velocity Vr equal to zero. It has been found that the V values server o

as-good analytical approximations to protection velocities, The

protection velocity is defined to be the highest striking velocity

below the ballistic limit for which the probability of perforating a

given target is zero. 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 gre

provided. The first set relates V /V to V for nine combinations ofr 5 s

fragment weight and obliquity. The second set of graphs relates V0

to fragment weight for selected plate thicknesses. It is to be under-

stood that both of these sets of graphs refer to the box-on-cylinder

shape fragment as 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

2/3function used is of the form cm where c depends on the fragment

material.

An examination of values on correnponding graphs in each set

for the four fragment materials provides a basis for comparing the per-

formances of the four materials in a quantitative manner. For selected

combinations of impact parameters, the ratios of (V ) /(V ) and
r;X kr 9

(V ) X /(V)S can be obtained for each fragment material (X). Each 6f

these ratios, called R and r respectively, is averaged over a selection

of values of fragment weight; thus R and r, the averages, &dpend only

on obliquity and thickness for each combination of fragment type and

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

are selected so that (V ) > !000 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

(V ) and (V ) are needed in order to ensure that the individual
0 S r S

ratios r and R be reasonably close to r and R respectively. Furthermore,

the relative error in the estimate for V increases rapidly as V
0 0

approaches zero. Finally, impact conditions for which 0 < V < 400
0-

are of relatively minor military significance.

The significance of a value of r greater than or less th;an

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 a steel fragment. For this situ-

ation, the conclusion follows that the fragment of the material in

questior. is inferior to the corresponding steel fragment. A value of

r of unity would indicate that the fragments of both materials are per-

forming equally.

The significance of a value of R than or lees than

unity can also be quickly established. Suppose R - 2 for a given set

of conditions. The interpretation is that the fragment of the material

in question will have twice the residual velocity after impact as that

of a steel fragment. For this situation, the conclusion follows that the

fragment of the material in question is superior 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 comparl son using r and R is always niadc with respect to

steel fragments. The reasons for this choice are (1) steel is the

classical material in use for fragments, and (2) more is known about

the performance of steel fragments than the fragments of other materials

since more data on steel fragments are availsble.

Other sets of graphs have also been found useful in comparing

the performance of the four fragment materials. vor each target plate,

the residual velocity has been plotted against plate thickness for se-

lected combinations of fragment weight, obliquity, and striking veloc-

ity. In addition, the plate thickness has been plotted against frag-

ment weight for selected values of V and obliquity. The advantage
0

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,

obliquity, and striking velocity, X will have more residual velocity

than Y. Similarly, X is considered to be superior to Y, if; for a

given plate material, fragment weight, obliquity, and V , X is found

to be capable of penetrating a greater thickness of the target than Y.

Emphasis is 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; G"n.')NfISS OF FIT

The criterion for goodness of fit of the analytical expres-

sions developed is the magnitude of a defined below. If (V ) and
r ,c i

(V e) are, respectively, the calculated and the experimental residual
r ,e i

velocities corresponding to the (i)th set of N sets of conditions, then

N 
n27 [(V9*- (Vr~)i

0 N

It is understood that the selection of fit is made to correspond with

the lowest observed value of a.

The bias of the estimating equation is measured by b defined

as follows: N

7 r.,c r (Vre~i

b-
N

An effort is made to adjust the final choices 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 a for the empirical equations

for determining V for each of the fragmient-plate combinations isr

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 suggest the follow-

ing order in the performance of the fragment materials.

1, 2. uranium and tungsten 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 alike 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

alloy fragmente appear superior. Although uranium is about 10% more

dense than tungsten alloy, this uranium product, at least, is 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. Oddly evough, this degree of superiority does not vary

much with a change in obliquity.

These observations hold whether residual 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 tuo fragment materials are considered,

tungsten alloy and steel.

Whether residual velocity or protection velocity be taken

as the criterion, the tungsten alloy fragments appear at least as good

as or superior to the steel fragments over the entire observed velocity

range. The degree of superiority increases 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 of 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 parameters considered.

With respect to aluminum alloy plate, uranium fragments

have been found to perform equally well with the tungsten alloy frag-

ments, suggesting that density is an important property of fragment

materials.

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 of 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 some other material,
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it may become possible to achieve an even greater degree of superiority

over steel fragments. Instances of fragment break-up against Aluminum

alloy plate were not frequent for the impact conditions investigated.

in Technical Report No. 36 one conclusion asserted that a

single, simple, exponential type formula had been found adequate to

predict satisfactory estimates of fragment residual velocity for steel

fragments impacting on any one of four materials. This conclusion

can be extended by the additional analyses made in the present report.

Furthsrmore, the conclusion can refer,as well, to fragments other than

steel. A sample size 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 procedure 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 to be anticipated. The most

notable of the developed eý'aations is probably the on* containing 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 ST, and 75 ST.

In retrospect, fragments of the dense materials, tungsten
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alloy and uranium, have performed better than steel fragments under

the somewhat arbitrary but practical 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 will be placed on observations of the break-up of this material.

A more complete comparison of the performance of fragment

materials can be achieved if a companion effort is made to analyze

impact data on the residual weight of fragments. One should then be

in a better position to eatimate the capacity of damage by a fragment

on a primary target partially or wholly protected by some intermediate

barrier. Uaeful additional residual velocity data can be obtained si-

multaneously. Observations of recovered fragments s~how that in some

instancem 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

combinations. These photographs do not in themselves reveal the extent

of the break-up phenomenon, since in cases of shatter it was difficult

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

Tungn.en Alloy Fragments vs Aluminum Alloy Plate

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obllquity :00 Type: BR L Pre-formed

Material :Tungsten Alloy
Size: 30 grains

0 ,50 V1000 V=2000 V 3000 Vr4000 N/5000 60
V1(fps
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Residual Velocity v tiig Vlct
Stikn Velocnityloit

for ISelected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obllquity:60* Type: BRL Pre-form-ed

Material :Tungsten Alloy
Size: 30 grains

V050 V1000 V=2000 3000 v 400 000 6r 000

.- MfPi
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Residual Velocity v tiigVlct
Striking Velocity v tiigVlct

for Selected Plate Thicknesses

Plate Material: Aluminum Allcy Fragment:
Obliquity -.700 Type: B RL Pro-formed

Material: Tungsten Alloy

Size : 30 grains

V,500 Vr 1000 Vt 2000 Vy3 0 00 V~,-4000 Vr= 5000

.8

J0 fl W_ 11

WaV

o ~ L ot 200 30. .oo . 0 .6.00
# 1 ( s
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ReglduoI Velocit v tikn elct
S sStriking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity: 00 Type: BRL Pre-formed

material : Toingsten Alloy
Size :100 grains

0 ,50 V1000 200 -'O V3000 Vr4000 V 5000 60

T,( Tu
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Residual Velocity vs Striking Velocity
Striking Velocty

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity: 60* Type: BRL Pro-formed

Material :Tungsteni Alloy
Size: 100 grains

0 r=00V 1000 ,=2000 V 3000 V=4000 5000 60

F-1 -fpi
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Residual Velocity vs Striking Velocity
Strikfn9) Velocity

for Selected Platle Thicknesses

Plate. Material: Aluminum Alloy Fragment:
Obliquity: 70@ Type: R L Pre-formed

Material :Tungsten Alloy
Siz,3:100 grains

V50 z1Q00 V 2000 V=3000 V 4000 r 5000 60
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses
Plate Material: Aluminum Alloy Fragment:
Obliquity: O* Type:; BRL Pro-formed

Material :Tungsten Alloy
Size :300 grains

V,=50O V,=1000 Vr 2000 V=3000 V,4000 V,=5000

Vtt

.702 0 3 0 0 0 0 06 0

.6- pa
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Residual Velocity SriigVoct
Stvsn StriingVeltit

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obiuiy T0 ype: BRL Pre-formed

Material : Tungsten Alloy

Size :300 grains

Ve=500 V,-1000 Vr. 2000 V, 3000 Vr a4000 Vre5000

0 x00 200 30X00:00 60
9~( e
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~esd'@Y~2~.tvvs StiriKing Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity: 7O* Type: BRL Pro-formed

material :Tungsten Alloy
Size :300groins

0 ,50 V1000 V 2000 V 3000 ý4000 r 5000 60

Vi 117p
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APPENDIX I

Tungsten Alloy Fragments vs Aluminum Alloy Plate

B. V vs Fragment Weight for Selected Plate Thicknesses
0
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V0 vs Fragment Weight
for Selected Plate Thicknesses

Piate Material: Aluminum Alloy Fragment:
Obliquity :00 Type: B R L Pro-formed

Material: Tungsten Alloy

6000 Ii I

3000 
,7

4000 i

3000 M ril iIj I il

2023000

mf (grin
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V. vs Fragment, Weight
for Selected Huats Thicknesses

Plate Material: Aluminumn Alloy' Fragment:
Obliquity ;60Type: B R L Pro-formed

Material: Tungsten Alloy

200000 400

-1-- m1gEV ns)

40 T.ICONFIDENTIAL



CONFIDENTIAL
-38-

V0 vs Fragment Weight
for Selected Plate Thicknesses

Plate Material: Alumrinum Alloy Fragment:
Obliquity: 700 Type: B R L Pre -formed

Material: Tungsten Alloy

500 J j

400 IIi

JI-

10005 0 0 20 30 0
Boogois
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APPENDIX I

Tungsten Alloy Fragments vs Aluminum Alloy Plate

C. (V 0• (Vo)S vs Plate Thickness for Selected Obliquities
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Comparison of Steel ,Tungsten Fragments

Impacting on Aluminum Alloy Plate

Y vs e for Three Obliquities

(VO)w

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

3.Parometer Combination~s Selected to Meet
the Requirement that (Vo), 2> 400 f p s

6t

e1.00 f lmnuv Aly
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APPENDIX I

Tungsten Alloy Fragments vs Aluminum Alloy Plate

D. (V ) / (Vr)S vs Plate Thickness for Selected Obliquities
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Comparison of Steel ,Tungsten Fragments
Impacting on Aluminum Alloy Plate

"Rvs e for Three Obliquif -

NOTE: .R= VA
S(Ve )

2.Rýis the Average of the Values of R for
Various Fragment Weights and Striking
Velocities; thus A Depends Only on a
and 6

3.Parometer Combinations Selected to Meet
the Requirement that (Vr),?ý 1000 f ps

30 ~ V __ ____ __ JTh 1

* 3.0 ~ U 1r-------tt--

[T "H: ý4. 40U

2.5 :I
L 4 t~t

2.0 Ui

e(inches of Alumninum Alloy)
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APPENDIX II

Uranium Fragments vs Aluminum Alloy Plate

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Residual Velocity v tiigVlct
Stisn Velocityelcit

for Selected Plate; Trhicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity :00 Type: B RL Pre -forme d

Material :Uranium
Size: 30 grains

V,=500 Vr-1000 V, 22000 Vr 3000 V,2 4000 V, 25000

T[ x1(. -4 1

R.I . , :i 1

fl ~ ~ ~ ~ V It -1iti) S ý Iý
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ResidualY.2. VselocityVloit
vsikn StriingVelcit

for Selected Pl'ate Thicknesses

Plate Material: Aluminum Alloy F~ragment:
Obliquity: 600 Type: B RL1 Pro-formned

Material: Uranium
Size: 30 grains

Vr =500 V? :1000 V, =2000 V, =3000 V,-4000 V,.5000

Xil I. Ii 11
V$5

vJ+

0 1000 2000 3000 4000 5000 8000
V5 (f psg
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Residual Veloc'Iy vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

"Plate Material: Aluminum AlloyFrmnt
Obliquity: :700 rype: BRL Pre-formed

Material :Uranium

Size: 30 grains

0 ,50 V,000 Vc2000 V=3000 V,-000Q r 5000 60

V, (f It
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Residual Velocity v tiig Vlct
Stviking Velocity

for Selected Plate Thicknesses

Piafe Material: Aluminum Alloy Fragment:
Obliquity: ' Type: BRL Pre-formed

Material :Uranium
Size :100 grains

V,=0 ,1000 , 2000 V=3000 V,- 000 r 5000 60
V51fPs
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Alumninum Alloy Fragment:
Obliquity :600 Type: BRL Pre-formed

Moterial : Uranium

Size:I100 grains

0 i 1Q-00 V=2000 V 3000 4000 V'.O000 e~
10 ~~ ~ ~ V (. p ..... )
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Residual Veloc.i vs Striking Velocity
Striking Velocity

for- Selected Plate Thicknesses

Plate M aterla 1:Aluminum Alloy Fragment:
Obliquity :70 Type: BRL Pre-formed

Material :Urallium
Size :100 grains

V~,-500 V, -1000 V? -2000 V~, =3000 Vr-4000 Vr-5000

10

0 ~ ýr 100 200 300 400 I0600

S~~V .' ...... .
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R1a 1 ,U , a1 0dAlY vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material:Aluminum Alloy Fragment:
Obliquity :00 Typne: BR L Pre -formed

Material :Uranium

Size :300 grains

V,=500 Vr:IOOO \4,32000 V, 3000 Vr 4000 V,=5000

fitf

""i A; L f t

0 100 200 300 400 500 6+0
Tl_~ V .(1tps)l
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Residual Velocity v tiigVlct
Stvks Velocityelcit

for Selected Plate Thicknesses

Plate Ma teriol: Aluminum Alloy Fragment:
Obliquity. O Type: BRL Pre-formed

Mcterial: Uranium
Size :300 grains

0 ,50 V1000 V 2000 =3000 V,4000 V, 5000 60

.9Vw(f14M

CONFIDENTIA



CONFIDENTIAL
-6 -

Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity : 700 Type: B RL Pre-forrned

Material: uranium

S Ize :300 grains

vt=500 V,=1000 '4.2000 V: 3000 V,-4 00 0 Vz 5000

1.0

0~~~~l _10 t00 300 400 ý 0 00

TfV (t ps)a
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APPENDIX II

Uranium Fragments vs Aluminum Alloy Plate

B. V vs Fragment Weight for Selected Plate Thicknesses
0
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Vo vs Fragment Weight
for Selected Plate Th~cknesses

Plate Material: Aluminum Alloy Fragment
Obliquity 0O Type: B R L Pre -f.)rmed

material: Uracilum

4000 7 I

2000. { I

200 20 30 5 0 10 0 0 0
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V0 va Fragment Weight
*for Selected Plate Thicknesses

Plote Material: Aluminum Alloy Fragment:
Obliquity 600 Type: B R L Pro -farmed

Material: Uranium
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Vo vs Fragment Weight
for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity 700 Type: B R L Pre -formedi

Material: Uranium

5000 3L,

40 0 20.E1 :h 70 10 0 0 0
#~ris
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APPENDIX 11

Uranium Pragments vs Aluminum Alloy Plate

C. (V)U / (V)_ vs Plate Thickness for Selected Obliquities

CONFIDENTIAL



CONFIDENTIAL
7-63-

Comparison of Steel, Uranium Fragments
Impacting on Aluminum Alloy Plate

T vs e f or Three Obliquities

NOTE: Ir

2.? is the Average of the Values of r
Corresponding to Selected Values of
Fragment Weights for Any Given Set
of Values of Obliquity and Material Thickness

3.Parameter Combinations Selected to Meet
the Requirement that (Vo), 400 f p s

.80

.7IH l i, -4
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APPENDIX II

UJranium Fragments vs Aluminum Alloy Plate

D. (VrU / (Vr) vs Plate Thickness for Selected Obliquities
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Comparison of Steel, Uranium Fragments
Impacting on Aluminum Alloy Plate

Rvs e for Three Obliquities

NOTE: 1. R=V)

2,Ris the Average of the Values of R for
Various Fragment Weights and Striking
Velocities; thus IT Depends Only on e
and 9

3.Parometer Combinations Selected to Meet
the Requirement that (V.),, 2 1000 f ps

2. wTIr

e('che ofAuiumAly
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APPVWDIX III

Aluminum Alloy Fragments vs Aluminum Alloy Plate

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Residual Velýcity vs Striking Velocity
Striking 'Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity -:0 Tynp: 8 "1 Pre-formed

Material :Aluminum Alloy
Size : 30 grains

V,-500 V,=1000 V, 2000 V, 3000 V,4000 V,- 5000

.6I It llt
A.1

4 1 0 200 300 400 500 60VI (f I IT
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Residual velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

plate Material: Aluminum Alloy Fragment:
Obliquity: 600 Type: B R L Pre-formed

material; Aluminum Alioy

Size : 30 grains

0 ,50V 1000 V 2000 V 3 000 V4000 r 5000 60
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selectecd Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity: 70 )* Type: BRL Pre-formed

Material : Aluminum Alloy
*SlZe: 30 grains

V,=500 V,=1000 V~, 2000 V, 3000 V,-4000 V,-5000

1.0.
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Residual Velocity vs Strlkhrg Velocity
Striking Velocity

for Selected Plate T1IJI'",esses

Plate Material: Aluminum Alloy Fragment:
Obliquity 00 T %,t P . Pri-forrn-od

Maioricii : Aiui1Jnumn Alloy

Size:t100 groins

V, :500 V, 1000O V? -2000 r :3000 V, 400J V,. SGcJ'Z

vsL]

0 100 000 300 400 500AT0
___Zvs (1 Jms)
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Residual Velocity_ vs Striking Velocity
'Striking Velocity

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Ot'iquity . 600 Type: BRL Pro-formed

material: Aluminum Alloy
size:woO grains

v=,0 1Q00 V.2000 V,3000 V4000 V, 5000 60

V5,fps
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Resdua Vloctyvs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material, Aluminum Alloy Fragment:
Obliquity: .70* Type: 8 RL Pro-formed

Material: Aluminum Alloy
SIze: 1O0graine

V*500 V.-1000 Vt 20000 Vr 3000 Vw4000 Vv50

V. H

A00 200 300 40030
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate MateriaIh Aluminum Alloy Fragment
Obliquity: 0* Type: BR L Pre-formed

Material : Aluminum, Alloy
Size :300 grains

V,=500 V,=000 Vty2000 V, =3000 Vr=4000 Vr- 5000

0 ~~~ 100 200t 000i 400 50060
Z~ (4 s)
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Residual Velcty sStiinSelct
Stikn Velockig Vltyt

for Selected Plate Vnicknesses

plate Material: Aluminum Alloy Fragment:
Obliquity :600 Type: BRL Pro-formed

Material : Aluminum Alloy

Size :300 grains

0r50 V1000 V 2000 Vr-3000 V 4000 e 5000 60
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Resdua Vloctyvs Striking Velocity
Striking Velocityv

for Selected Plate Thicknesses

Plate Material: Aluminum Alloy Fragment:
Obliquity: 70* Type: B RL Pre-formed

Material: Aluminum Alloy
Size :300grains

0 ,50 1Qx00 V!2000 V 3000 r 4000 V 5000 60
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V. vs Fragment Weight
~'Selected Plate IThMcknesses

Aluminum Alloy rg-e
Type: r ot L
Material: Aluminum Alloy
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V0 vs Fragment Weight
for Selected Plate Thicknesses

Plio'e Matviri'1 Alurfi~fum Alloy Fragment:
Obliquity 700* Tvpe - B R L PrA - form"@1

Material: Aluminum A!o
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APPENDIX III

Aluminum Alloy Fragments vs Altumnum Alloy Plate

C. (V ) / (Vo)S ve Plate Thickness for Selected Obliquities
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Comparison of Steel, Aluminum Alloy Fragments

Impacting on Aluminum Alloy Plate

T vs, e for Three Obliquities

NOTE,'Ir *A
(VO) 8

2,7' is the Average of the Vclues ofr
Corresponding to Seiticted Values of
Fragment Weights for Any Given Set
of Values of Obliquity and Mate-lol Thicftne-s

3.Poarmeter Combinations Selected to Meet
the Requirement that (V*)s a 400 f ps

TI

1.45ch T al'inmAly
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APPENDIX III

Aluminum Alloy Fragments vs Aluminum Alloy Plate

D. (V ) / (Vr) vs Plate Thickness for Selected Obliquities
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Comparison of Steel, Aluminumn Alloy Fragm~ents

Impacting on Aluminum Ahoy Plate

R vs e for Three Obliquities

NOTE,:1. Re(V)AA
(Vr)S

2. A is the Average of the Values of R for
Various Fragment Weighis and Striking
Velocities ; thus 1W Depends Only on a
and 9

3. Parameter Combinations Selected to Meetf
the Requirement that (Vr)s?! 1OOOfps

Iw ....

1.00he of AlmiumAl-y
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APPENDIX IV

Comparison of the Performance of Fragments of Four Materials

Impacting on Aluminum Alloy

A. Residual Velocity ve Plate Thickness for Selected

Combinations of Fragment Weight,

Angle of Obliquity, and Striking Velocity

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

Angle. of Obliquity, and Striking Velocity

Plate Material: Alumuiuim Alloy Fragment:
Obliquity:- 001 Type: B RL Pro-f ormed
Striking V'0C' 4'fy: 3000 fps Size., 30 grains

'2000 fj i I.K I

it il 11 I II

N T
0 .1 . .3 4 U-.6 .

X (iITs
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Residual Velocity vs Platm Thickness
f or Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Plate Material ' Aluminum Alor/ Fraglment:
Obliquity: 600 Type: B RL Pro-f ormed
Striking Velocity: 3000 f ps Size, 30 grains

MollPS 1 HiltIHl 1111H11

0 tx .2 .
H (inches) 114
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Residual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,ord Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 700 Type: B R L Pre-f ormed
Striking Velocity: 3000 fps Size: 30 grains

3000 W

iil tu1

0, i.05, .1 t.20N ff

T ch;

CON1FIDENTIALUt*11



CONFIDENTIAL
-95-

Residual Velocity vs Plate Thickness
f or Selected Combinations of Fragment Weight,

An~gle of Obliquity ,and Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 00 Type: BRL Pre-formed
Striking Velocity: 3000 f ps Size, 100 graoin$

.~ ~ . .4+ 4++

/11
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Residual Velocity vs Plate Thickness
f or Selected Gombinotions of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 6010 Type: BRL Pre-formed
St~riking Velocity: 3000 fps size! 100 grains

200 II It

V, (fps)e
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Residual Velocity vs Plate Thickness
for Selected, Combinations o~f Fragment Weight,

Angle of Obliquity ,ond Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 700 Type: B RL Pre- formed
Striking Velocity: 3000 f ps Size, 100 grains

3000.2.

-I (inches)ýt I
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Residual Velocity vs Plate Thickness
f or Selected Gombinczlions of Fragment Weight,

Anglo of Obliquity an Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 00Type:8 BRL Pre-f ormed
Striking Velocity: 3000 f ps Size, 300 grains

3000

... .2 ...5 .6 !H.91

e, (fps)e
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Residual Velocity vs Plate Thickness
for Selected Combinations of Frogment Weight,

Angle of QbiIquity ond Strikbig Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 600 Type: B RL Pro-f ormed
Striking Velocity: 3000 fps Size: 300 grains

1 114 ill

Vr* (inches)
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Residual Velocity vs Plate Thickness
f or Selected Combinations of Fragment Weight,

Angle of Obliquity.,n Striking Velocity

Plate Material: Aluminum Alloy Foaoment:
Obliquity: 700 Type: BRL Pre-formed
Striking Velocity: 3000 fps Size, 300 grain&

Vr000s

jHif4 . 4 ____

0 ~~~ 1 .23id.
e (inRihes
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Residual Velocity vs Plate Trhickness
for Selected Combinations of Fragment Weight,

Angle of Obliquityand Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: 00 Type: B RL Pre-formecd
Striking Velocity: 6000 fps Size., 30 grain~s

6000

4000

0 (inches)
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Residual Velocity vs Plate'Thickness
for Selected Gombinatlons of Fragment Weight,

Angle of Obliqulty,an Striking Velocity

Plate Material: Aluminum Alloy Fragment:
Obliquity: rjeType: B RL Pre-f ormed
Striking Velocity: 60O00 fps Sizot 30 grains

e (infpss
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Residual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weights

Angle of Obliquity an Striking Velocity

Plate Material'. Aluminum Alloy Fragment:
Obliquity: 700 Type: BRL Pre-formed
Striking Velocity: 6000 f ps Size., 30 graii~s

2000

i -i 44ýýffffýfttt1 4-1-
0~ 2.41 .2M w3 4.

NM e 11nc!T4
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Residual Velocity vs Plate Thickness
f or Selected C-orbiinations of Fragment Weight,

Angle of Obliquity and Striking Velocity

Plate Maierial: Aluminum Alloy Fragment:
Obliquity: 00 Type: BR L Pre-formed
Striking Velocity: 6000 fps Size, 100 grains

'd,, (fp

stinh. W
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Residual Velocity vs Plats Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,ond Striking Velocity

1%1A ai

PIG$O material: Aluminum Alloy Fragment:
Obliquity: 600 Type: B RL Pre-formed
Striking Velocity: 6000 f ps Size, 100 grains

60ic~s
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Residual Velocity vs Plate Thickness
f or Selected Gombinatiort of Fragment Weight,

Angle of Obliquity o~nd Striking Velocity

Plate Material; Aluminum Alloy Fragmen~t:
Obliquity: 700 Type: BR L Pre-formed
Strihing Velocity: 6000 f ps Size, 100 grains

I~i It*

4O000 IT tlM

134 
~ 5.

U1 (incl.
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Residual Velocity vs Plate Thickness
f or Selec~ed Combinations of Fragment Weight,

Anglo J Obliquity ,and Striking Velocity

Plate Material: Alurminum Alloy Fragment:
Obliquity: 00 Type: B RL Pre -formed
Striking Velocity: 6000 fps Sizer 300 grains

V,000u

...... ..... ,

-to ~ ~ (Ic M. ... ).t
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Residual Velocity vs Plate Thickness
for Selected Comnbinations of Fragment Weight,

Angle of Obliquity aond Striking Velocity

Plt ctri:Aluminum Alloy Fragment:
Obliquity: 6 0 0 Type: B RL Pre-formed
Striking Velocity: 6000 fps Size, 300 grain's

6000 2 . 4. 7 8 . .
* (n&es
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R031dual Velocity va Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity, and Striking Velocity

Plots Material. Aluminum Alloy Fragment:
Obfiquity: 700 Type: B RL Pre -formed
Striking Velocity: 6000 fps Size: 300 zrs

62000 iI f i:

...... ..... 2t 56.
1J nwf 17. I- I I (i nc1 141 JHeI)
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APPENDIX IV

Comparison of the Performance of Fragments of Four Materials

impaeting on Alum-iru Alloy

B. Plate Thickness vs Fragment Weight for Selected

Values of V and Angle of Obliquity
o
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Plate Thickness vs Fragment Weight
for Selected Comnbinations of Vo

and Angie of Obliquity

Plate Material :Alitmrns1mii Alloy

Vo : 2000 fps

Obliquity 00

2.00-41

1.50- 1 Hl

M.2

V1111i It{I I. T110
10 20 30MI 5011 10 10 200 il!W M 11M Jl

(inches (groUlf
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for Selocte d Combinations of Vo
and Angle of Obliquity

plate Material -. Atumnium Alloy,

c :20001f p S

Obliquity 600

360

(inches).20

.1020 350 0 J

*41CMINIIDENTIAL



CONFIDENTIAL
-114-

Ptate Thckness vs Frogmen" Weight
for Solected Combinations of Vo

and Angle of ObliquIty

Plate Material :Aluminum Alloy

V0 2000 f.ps

Obliquity 7Q00

.50 20 30 50 7 tO 0
= 11 = T _ m (grHai t R I I... ..... ......
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Plate Thickness vs Fragment, Weight
for Selected Combinations of V0

and Angle of Obliquity

Plate Material -. Aluminumn Alloy

V0 4000 fps

Obliquity 0

1.20 30507) Om (gro4n9
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vtv

and Angle of Obliquity

Plate Material :Aluminum Alloy

V0 4000f~ps

Obliquity 600

2.00 tit.,~~
1 

4 -K-4

1.50Ii
(ich1 1441 1F

ID 0 3 50 70 10020040

ti~~ ~ ~ 1(gra- N"InHs)
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Plate Thickness vs Fragment Weight
for Selected Combinations of V0

and Angle of Obliqulty

Plate Material Aluminum. A!oy

V0 : 4 000 fps

Obliquity 700

*~T~ t 1 ftf 1410

(inches)

. O2 3 0 701020 0

m (groins),
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vo

and Angle of Obliquity

Plate Material Aluminum Alloy

V0 ' 6000 fp s

Obliquity 00

4.00III 11M M IN Wi +1111111111Jl11W 114fllil44 1

H6 I 11 U

2ichs)00

1-0---------
(im (grains)
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vo

and Angle of Obliquity

Plate Material :Aluminum Alloy

V0 : 6000 fps

Obliquity 60'0.

2.00

2059 A0d 7 ~

m (grains
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Plate Thickness vs Fraoment Weight
for Se~ected Combinations of Vo

and. Ang..a. Of Ob!Mquillft

Plate Miaterialý Aluminum Alloy

Vo :6000t~ps

Obliquity 70O'

2.300

1 .0 2 0-3-50----0-20 -4 0

IDO~~ ~~~~~~ I(gr114 111 tr-i,4IIv HU M U t
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APPENDIX IV

Comparison of the Performance of Fragments of Four Materials

Impacting on Aluminum Alloy

C. (Vo) / (Vo) vs Plate Thickness for Various
oX 0oS

Fragment Matitriais (X)
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Comparison of Aluminum Alloy, Tungsten Alloy, and
Ufrnan~um. Fragments with Steel Fragments

Impacting on Aluminum Alloy Plate
"iF vs e for Three Obliquities

(V-) xNOTE 1,
Fragment Materials ( X) NVO),

-- Aluminum Alloy 2, is the Average of the Values of r
-Tungsten Alloy Corresponding to Selectud Values of

- ranium Fragment Weights for Any Given Set
of Values of Obliquity and Material Thick*ntss

3.Parometer Combinations Selected to Meet
the Requirement that (V.), : 400 f ps

1.6

T I

e~inhesof Aumium Aloy
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APPENDIX IV

Comparison of the Performnce of Fragments of Four Materiale

impacting on Aluminum Alloy

D. (V ) / (Vr) v• Plate Thickness for Varietis
rX rS

Fragment Materials (X)
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Comparison of Aluminum Alloy, Tungsten Alloy, and
Uranium Fragments with Steel Fragments

Impacting on Aluminum Alloy Plate
Wse for Three Obliquities

NOTE :lI R-(Vr) x
(V,) S

Fragment Materials ( X) 2.R is the Average of the Values of R for Varlo~p
Fragment Weights and Striking Velocities; thusR

-- -Aluminum Alloy Depends Only on e and 9
-- -- - - -Tungsten Alloy 3.Parometer Combinations Selected to Meet the

Uranium Requirement that (Vr)3ý:lOO fps

2.8

o~~~~~~ (ice fAumnmAly
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APPENDIX V

Tungsten Alloy Fragments vs Steel Plate (B • 100)

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses
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Residucl Veý.
Striking Ve'

for Sete

Plate MuteriaI:Steel ~

Obliquity * 0*

Size: 30 groins
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Residual Velct v Striking Velocity
Striking Velocity
for Selected Plate Thicknesses

Plate Material: Steel (B-100O) Fragment:

Obliquity 00 Type: B RL Pre-formed
Material : Tungsten Alloy

Size:l100 grains

V =500 V'-1000 Vr 12000 V: -3000 V 4 000  Vv-5000

4 
I I

0 .. 00.000300.4 00..O

V8(7pi
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Residual Velocity- vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material :Steet (B-100) Fragment:
Obliquity,:600 Type: BRL Pre-formed

Material :Tungsten Alloy

Slze:1OO graiir.s

V,50 %1000 V 2000 Vr3000 V,4000 V'.O000 60

1.0 ps
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Residual VslOcii'l vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

plate Material: Steel (8-100) Fragment,

Obliquity' TOO Type: BRL Pro-formed
Moterioil : Tungsten Alloy
Size: 100 grains

V,=500 Vt-~00O V, =2000 vt = 0 0 0  Vr=4OO0 VJ,_5000

'I, .... i
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Residual Velocify v's Striking Velocity
Striking Velocity

for Selected Plate Tihicknesses

Plate Material:Steel (B-100) Fragment:
Obliquity: 0* Tvpe: B RL Pre-formed

Material :Tungsten Alloy
S Ize :3000 rains

V :500 V,-iOOO V: 2000 V, 3000 V 40U00 V 50
r 1 r50

.. .....1

Vf
VIi~

200 3d4400 50060
Vt( t
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Steel (B-100O) Frogment:
Obliquity: 60 0  Type: BRL Pre-formed

Material : Tungsten Alloy
Size :300 grains

V,=500 V,=1000 V, 2000 V 3O000 V, 4000 .1r-5000

.9 K~~~IN tti X
C-4 .. . ... IR _ 41W

10RW

2000 300 400 I006~
R.(fps)
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Residual Vlct vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Ma-terial: Steel (B-100O) Fragment:
Obliquity -70* Type: BRL Pro-formed

-',r~:' Tngsten Alloy
Size :300 grains

'y=500 V,=1000 =,2000 V,-0 ~4000 V,. 5000

it 1K If

ITI H1

111114~~ ;i V- Il

4it Ný! Il~

0 100 20300 40 O0 60

I'll 1I~ l~ lkIIIpI)
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APPENDIX V

Tungsten Alloy Fragments vr Steel .Plate (B 100)

V. V vs Fragment Weight for Selected Plate Thicknesses
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Vo vs Fragment Weight
for Selected Plate Thicknesses

Plate Material: steel (B-ioo) Fragment:
Obliquity o Type: B R L Proe-formed

Material: Tungsten Alloy

Soo ii

500 +.[0I 3050 7 10 0 30 0
P Ions

400 R ----C-NF-I--[-T....
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V0 vs, Frogrr-nt Wleight
for Selected Plate Thicknesses'

Plate Material: Steel (B - 10) Fragment:
Obliquity :600 Type: 0 R L Pre -formed

Material: Tungsten Alloy

500. ..

tOllfr 20-Rj 30l 50 I0 10 T-_!7 30 0
AmAgrolns)
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V0 vs Fragment Weight

for Selected Pkute Thicknesses

Plate Material: Steel (B-100O) Fragment.:
Obliquity :700 Type: B R L Pre-formed

Material: Tungsten Alloy

6000OIL

5000 L

600 --

100 20 7 10 80 I 0t0 0 30 0

VO~m gralIsf
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APPENDIX VI

Tungsten Alloy 7r.agmento vs Steel Plate (B 300)

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesse*
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Residual Vlct
Striking Velocity vsiSrng Velocity

for Se'lected Plate Thicknesses

Plate Material: Steel (8-'300) Fragment:
Obliqut0 Type: BRL Pre-formad

Mater~c :Tungsten Alloy
Size: 30 groins

-V,=00 V,=1000 V, 2000 =3000  V 4000 vre5000

1I 4um 111 k1

4~I it;,-

.1 1+

't~ V (t Ps)ti
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Residual Velocity_ vs Striking Velocity
Striking velocity

for Selected Plate Thicknesses

plate Material: Steel (8-~300) Fragment:
Obliquity:60 0  Type: BRIL Pret-ormed

Material :Tungsten Alloy
Size: 30 grafins

Vr=5Q0 Ve 1000 V, r2000 V, 3000 V,:4000 V,- 5000
10 .4, U1NR

ITvfMfs

0 1Q0 200 300 400 500 600
u Tps
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Residual Velocity vs Striking Velocity
Striking velocity

for Selected plate Trhicknesses

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

Obliquity: 7Q0 Type: BRL Pre-formed
Material : Tungsten Alloy

Size : 30 gra~ns

V,50 v,=000 Vr =2000 Vr 3000 V=00 V-50

-1 
!

0 1Q0 200 300 400 30O0600
V, (f ps
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Residual Velocity
Strkin Vloctyvs Striking Velocity

for Selected Plate Thicknesses

Plate Material-Steel (B-300) Fromment:

* Obliquity 0* Type: BRL Pre-formed
Material :Tungsten Alloy
Size: 100 grains

0 r50 V1000 V 2000 V=3000 V 4000 V. 5000 60

-11 Vi*j t
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Residual V city vs s9trikdng Veiocity
Striking Velocity

for Selected Plate Thiicknesses

Plate Material: Steel (B-'300) Fragrnent:
Obliquity * 6010 Type: B RL Pre-formed

Material :Tungsten Alloy

Size: 100 grains

V4500 '4.1000 'y 2000 V, -3000 Vr4000 Vr4z5000

Z 11111C,

0. T00 200 30J000060
R) INp1

COTIENIA



CON FI DENTI AL
-149-

Residual Voct vs StrikIrg Velocity
Striking Velocity
for Selected Plate Thicknesses

Plate Mate~ Stee %A %%A owo) Fragment:
.J Obliquity :70* T ype: BRL Pro-formed

Material :Tungsten Alloy

Size :100 grains

V,500 Vr= 000  Vty2000 Vt300 0 
-V,4000 Vt. 5000

...... " 4F

4-4T

COFDETA
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ReidalVeocty21 vs Str',king Velocity
Striking Velocity

for Select-ed Plate Thicknesses

Plate Material: Steel (1'3-30) Fragment:
Obliquity *.00 ve BRL Pre-formed

Material : Tungsten Alloy

Size :300 groins

Vr 500 V1,21000 V,::2000 V, 3000 V~,=4000 V,- 5000

.T

vas

VIf 14ps
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Residual Velct vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Steel (9-%300) Fragment:
Obliquity:600 Type: BRI. Pre-formed

Material :Tungsten Alloy
Size :300 grains

Vrz500 V,=1000 V, -2000 Vr 3000 V,=4000 V,=5000

44
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Residual Velct vs Striking Velocity
Striking Velocity

for Selected PltiuL Thicknesses

Plate Material:Steel (8 '-300) Fragment:
Obliquity, 700 Type: BRL Pre-formed

Material : Tungsten Alloy
Size :300 grains

0 r0 V,1000 ki 2000 V 3000 \ý4000 5000 60

V3 ~ (f pi
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4

APPENDTX VI

Tungsten Alloy Fragments vs Steel Plate (B 300)

B. V vs Fragment Weight for Selected Plate Thicknecses
0
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Vo vs Froqment Weight

for Selected Plate Thicknesses

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

Obliqu'ity 00 Type: 8 R L Pre-formed

Material: Tungsten Alloy

6000

400 I I

3000~ __ I It~

mNgrolns
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V. vs Fragm-.ent Weight
for Selected Plate Thicknesses

Plate Material: Steal (8-,300) Fraqment:
Obliquity: 600 Type: 8 R L Pro -formed

Material: Tungsten Alloy

500 1 0 7030775020 000
m-gialns
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V. vs Fragment Weight
for Se'lected Piul~s TIhicknesses

Plate Material: Steel (13-'300) Fragment:
Obliquity: 7100 Type: 8 R L Pre-formed

Molerlol: Tungsten Alloy

ti

100 V01 0 7 0020 300
m_7ons

CONFIENTIA



CONFIDENTIAL

S~-157-

APPENDIX VII

Steel Fragments vs Steel Plate

A. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses; B-1O0
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Residual Velocity VS Striking Velocity
Striking' Velocity

for Selected Plate Thicknesses

Plate Material: Steet (B=10OO) Fragmnent:
Obtiquity :010 Type: BRL Pre-formed

Material : Steel
Size: 30 grains

Vr=5OO V,=1000 V, -2000 V, 3000 Vr=40OO V,.5000

.~J.

V 1 (t p.
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Residul Velc-ty- vs Striking Velocity
Striking Velocity

for Selected Plote Thicknesses

Plate Material: Steel (13=100) Fragment:
Obliquity: 6 0 '0  Type: BRL Pre-formed

Material : Steel
Size: 30 grains

V, =500 V, 000 V'y-2000 Vr =3O V000 V,=? v V=5000

110
0 100 200 300 400 500T6.0

V3 fitps)1fl 11.
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Residual Veoiyvs Striking Velocity
Striking Velocity

for Selected Plrte_ Thicknesses

Plate Material: Steel (13=100) Fragment:
Obliquity :700 Type: B6RL Pre-formed

Material :Steel
Size: 30 grains

V,=50O Ve,-1000 V, 2O0O V =3000 {4000 V,. 5000

4 1
300 4000 A0060

f~ (fp
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Residual velocity vs Striking Velocity
Striking Velocity

for Selected Plaz,', Thicknesses

Plate Moterial:Steel (8B100) Fragment:
Obliquity, :0 rype: BRL Pre-formned

Materoia :Steel
Slze :100 graoins

0 r50 V1000 V 2000 V 3000 V 4000 , 5000 60

JJ



CONFIDENTIAL
-162-

ResidualVeciyv StiigVliy
Stvsn Velocityelcit

for Selected PWaý- Thicknesses

Plate Material:0.teeil (B=100) Fragment:
Obliquity :60* Type: BRL Pre-formedj

Malerial:Stoel
Size :100 grains

Vf0 V,=1000 =,2000 V, =3000 V,4 000 V,-50 0 0

.6~~!11 J14 114h

It t~ _4 0. LI1h

L q00_ 200 300 400 I00 it000.
0V if' p s)
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Residuai Velocity_ vs Striking Velocity
Striking Velocity

for Selected Plate TI .ý,Ickrnesses

Plaf s Material: Steel (13=100) Fragment:
Obliquity: 0* Type: 8RL Pre-formed

Material: steel
Size :300 grains

V4:500 Vr=1000 V, 2000 V, 3000 V,=4000 V,=5000

V1 (i ps)
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Residual Velocity vs strik-lng Velocity
Striking Velocity

for Selected Plate '7'iicknesses

Plate Material: Steel (13=100) Fragment:
Obliquity: 600 Type: B RL Pro-formed

Material : Steel
Size: :300 grolns

0 r=00V 1000 t 2000 V 3000 V,4000 V- 5000 GO

V[6 (fps
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Rersidual Velocity
StrikngV Loct vs Striking Velocity

for Selected Plc-,I Thicknesses

Plate Material: Steel (13=1001 Fragment:

Obliquity: ;70 Type: BRL Pre-formed
Material : St eel

Size: 300 grains

V,=500 V,=1000 V, =2000 =1 3000 V=A4 000  Vr=5000

.1

0j IT0 2000 300 400 .0 . 6000....
Vf (fps
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APPENDIX VII

Steel Fragments vs Steel Plate

B. Residual Velocity/Striking Velocity vs Striking Velocity

for Selected Plate Thicknesses; B-300
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Residual Velocity vs Striking Velocity
Striking Velocity

for Selected P!,,te Thicknesses
Plate Material: Steel (B=5300) Fragment:
Obliquit y: 0* Type: BIRL Pre-formned

Materiol: Steel
Size: 30 grains

V,50V=000 , 2000 -3000 V-4 000 5000 60

V, (fps)
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Residual Velocify vs Striking Velocity
Striking Velocity

for Selected Plate Thicknes~ses

Plate material:Steel (B=300) Fragment:
Obliquity '. 600* Type: F3RL Pro-formed

Material : steel
size: 30 grains

IV,500 V,=1000 Vr -2000 V, 300OV-4(0 Vv 5000

VIT

0 100 200 300 400 500 600
V 1-A+: + )

CONFIDENT1A



CONFIDENTIAL
-170-

Residual Velct vs Striking Velocity
Striking Velocity

for Selected Plate Trhicknesses

Plate Material: Sel(B=300) Fragment:
Obliquity: 700 Type: BRL Pre-formed

' -7e-w ,.0,: Steel
Size: 30 groins

V,:500 V,=IO00O Vr =2000 V,300 ý4OOO Vr=5000

V1000

Vit (1r HTps) ý
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Residual Veciy sSriigVlit
Stvkn Velocityelcit

for Selected Plate Thicknresses

Plate Material: Steel (B=300) Fragment:
Obliquity 0" Type: BRIL Pro-formed

Material : Steel
Size:I100 grains

0 ,50 V:1000 V 2000 ,=3000 V4i 000 r 5000 60

V3 (tVal
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Residual Velocity v tiig Vlct
Striking Velocity v tiigVlct

for Selected Hate Thicknesses

Plate Material: Steel (13=300) Fragment:
Obliquity: 700 Type: BRL Pre-formed

Material : Steei
Size :100 grains

v=500 V,,zIOOO Vr -2000 v, 3000 V, 4000 V,- 5000

10
V 3 f

VSffPf V; j~
20I 300w440 4000 5000ý 6000;
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Residual Velct vs Striking Velocity
Striking Velocity

for Selected Plate Thicknesses

Plate Material: Stsel (8=300) Fragment;
Obliquity: 00 Type: B RL Pre-formed

Material : Steel

Size :300 grains

Vr=500 V,=1000 V, 2000 V, =3000 V=4000 Vr= 5000

V-f (fPS
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Residual Velocity Srlig Vlct
- *,.Striking Velocity

for Selected Flate Thicknesses

Plate Materlal:Steel (B=300) Fragment:
Obliquity *.60* Type: BRL Pre-formed

Material : Steel
Size :300 grains

0 50 V11000 V 2000 V=30000 V,4000 -5000 60

-H.Vi ii i V (11#)
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Residual Veloc vStkigVlcy
Stikn Velocityelcit

for Selectei, Plate Thicknesses

Plate Material: Steel (1~3300) Fragment:
Obliquity: 700 Type: BRL Pre-tormned

Material :stee!

Size :300 grains

0 ,50 V,10 ,=00 V3000 Vr4000 r 5000 60

tV 1I(t is)
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APPENDIX Vii

Steel prsgxents vs Steel Plate

C. V vs Fragment Weight for Selected Plate Thicknessas ;

.¢-I00., 300, 500
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V0 vs Fragment Weight
for Selected Plate Thicknesses

Plate Material: Steel Fragment:
Obliquity w Q Type~. P R L Pro-formed

Material: Steel
Key for Hardness
of Plate Material

B: 100
Bit300~----------

500000

400.t fI I t i IfI,

30030040
1n (gois
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V. vs. Frogment Weight
for Selected Plate Thicknesses

Plats Material: Steel Fragment'.
Obliquity : 600 Type: B R L Pro -formed

Miaterial: Steel
Key for Hardness
of Plate Material

Bz 100

Ba 500

600_

5000 1' t 1 : 1 * 1~ I 1, ]1 f IIl

600 IL 114

400 *-ý LT 11 11 Li IT

200 H03IM O O 20 30 0

ps) 4411roi111
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Ve vs. Fragment Weight
for Selected Plate Thicknesses

Plate Material: Steel Fragment:
Obliquity: 700 Ty%8 fR Prormed

Materlial: Steel
Key for Hardness
of Plate Material

B= 100
B: 300--------
Br 500

6000 i~I

5000 S I

400. 1 HTj -1- 1 1 A

200 30S 0 10 0 0 0

m9grolns
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APPENDIX VIII

Comparison of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

A. Residual Velocity vs Plate Thickness for Selected

Combinations of Angle of Obliquity,

Fragment Weight, and Striking Velocity

C
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Residual Velocity vs Plate Thickness
for Selecl'dl Combinations of Fragment Weight,

Angle of Obliqulty, and Striking Velocity

Plate Material: steel Fragment:
Obliquity: 0 Type: B RL Pre-f ormed

Striking Velocity: 3000 f ps Size., 30- grains

300000.1 20.5 3
* (inchip
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Residue' Velocity vs Plate Thickness
for Selected Combinations of Fragment Wolight,

Angle of Obliquity ,and Striking Velocity

Plate Material: Steel Fragment:
0bliquitY, 600 Type: B RL Pre-f ormied
Striking Velocity: 30000 fps SiG 0 grainis

T1:115 F, tf .

0 Hil .2 ll 101
it ichs
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Residual Velocity vs 'Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Plate Material', Steel Fragment;
Obliquity: 700 Type: B R L. Pre-fformed
Striking Velocity: 3000o fps Size, 30 grains

3000 fiIIiiifit~{iL~ ~ i

(i 7!~ M! ti' I

0~~~~~ll .0 .2 03.0 .6 08 .1 .2.14

1~ L(ItcI I!
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Resite,-Lal V'elocity vs Plate Thicknless
for Selected Coti-binations of Fragment Weight,

Angle of Obliquity ,arn Striking Velocity

Plate Matn,1-01t: Stee6- Fragment:
Obliquity: 00 Type: B R L Pre-formed

Striking Velocity: 3000 fps Size, 100 grains

2000 i

4rI S if- I IMI1

0 .0 .10.15 20 .5 .3 .3

e (nchu0
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Ree.4,ual Velocity vs Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Plate Material: Steel Fragment:
Obliquity: 600 Type: B R L Pre-t ormied

Striking Velocity: 3000 fps S iz e. 100 grams,,-

3000 
nI
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RousifI"a~v VIellocithy vis PteThickniess
f or Selected Combinations of Fragment Weigh~t,

Angle of Obliquity ,and Striking Velocily

Plate Material-. Steel Fragment:
ObliquitY: 700 Type: B R L. Pro-formed
Striking Velocity: 3000 f ps Size 100 grains
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Residual Velocity vs Plate Thickness

for Selecti~d Combinations of Fragmnent Weight,
Angie of Obliqulty ,and Striking Velocity

Plate Miteria!: Steel Fragment:
Obliquity: 00Type: R L Pre -formed

Striking Velocity: -3000 8fps Size, 300 grains

.3000 ~~___

gPI I

did '

I 4i w i
2000 l id 'K.;u itit IjiI
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Resi-Zul 'V~elocity vs Plate Thickness
f or Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking Velocity

Plate Material: Steel Froigr-ntn-
Vbfiquity: 600 Tyi~e: 8 RL rGorne

Striking Velocity: 3000 fps Size:, 300 grains

3000 m

;1111!) Hl I ilt

10d....~~~~.. Ifj~jtij' I i Iti~

I~~~~ ~ IIU M-1 1fl
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Residual Velocity vs Plate Thicknes s
for Selected Gombinrations of Fragment Weight,

Angle of Obliquity ,and Striking Vealocity

Plate Material: Steel Fragm~ent:
Obliquity: 706 Type: B RL Pre -formed
Striking Velocity: 3000 fps Sizt: 300 groins

3000. y~i2'Y

JUII
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Resldpri Vetlocity vs Plate Thickness
for Selected Combinations of Fragment Weight,

Angle of Obliquity , and Striking Velocity

Plate Material; Steel Fragment:
Obliquity: 00 Type: 8 RL Pro -f orme d
Striking Velocity: 6000 fps Size, 30 grains

6000f~~it

0.1 .2ll ili i Jil

*li (inches)
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Residual Velocity vs Plate Thic~kness
for Selected Combinations of Fragment Weight,

Angle of Obliquity ,ond Striking Velocity

Plate Maiterial: Steel Frogment:
Obliquity: 60' Type-. BR L Pre -formed
Striking Velocity: 6000 fps Size, 30 grains

2000

M iI

0 . .llTil .2 I'l.'3t t
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Residu~al Velvocity 'vs Plate
for Selected Combinations of Fro~rli-nt Wei6-19U

Angle of Obliqcuitya,and Striking Velocity

Plate Material; Steel. Frc'gment:
Obliquity: 700 Type: B RL Pre- formed
Striking Velocity: 6000 fps Size, '310 grains

4000

II 11411U f [I N
N11:11 ilwI I H

P111'i ., IM2
(inchelit

C4ON"4FtILfifh1 I IInlL



CONFIDENTIAL
-194-

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

Angle of Obliquity and S.3triking Velocity

Plate Material: Steel Fragment:
Obliquity: 00 Type: B R L Pre-f ormed
Striking Velocity: 6000 fps Size., 100 geis

6000

rHr

It L

4000 K.j 'uH~l Il

it U1 UH L

V, (fps) li 11' 11 H4 71l II1I

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

Angle of Obliquilty ,and Striking Velocity

Plate Material: Steel Fragment:
Obliquity: 600 Type: BRL Pre-formed
Siriking Velocity: 6000 fps Size: 1W0 groins

V(fps) 0 1H

a (inches)
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Residual Velocikv vs Plate Thickness
,or Selected Combir~ion-fveof Fragment Wesaht,

Angie of Obliquity and Stý1ý; Vwe-H~y

Plate Material: Steel Fragm~ent:
Obliquity : 700 Type: B RL Pre-formed
Striking Velocity: 6000 fps S iZe 8 OO g0rains,

t 171
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Resid;jal Ve!ocity vs Plate Thý16vkfiess
f or Selected Combinations of Fragment Weight,

Angto of e0bliquity nnem 1.5-triking,

Plate Material: Steel F:'nu g m e n t
Obliquity: Ov Type: B R L Pre-f ormed

Striking, V`610CRY 600(0l' Zj I grGins
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Residual VTalocity vs Piate ThiCkrness
f or Selected Combinations of Fragment Weight,

Angle of Obliquity ,and Striking "Vellomity

Plate Material: Steel Fragment
Obliquity: 6010 Type: B R L Pre-f o'med
Striking V,!1ocity: 6000 fps S iz a. 300 grains

6000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Residual Velocity vs No~te Thickness
for Selected Cornbinotions ^if Fragmejnt Weigh%,

Angle of Obfiquity ,and Stri king Veklcii~y

Pfcf;,v vaterial: Steel Fraament
Obliquity: 7Q0D Type: B R LPre -formed

Strkn Veocty eOC psSize, -330 grains
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APPENDIX 7111

Compe.rison of the Performance of Steel and Tungsten Alloy Frigmtnte

Impacting on Steel Plate

". la-c Thicl'nesis vs 'Fragment Weight for Selected

Combinations of V 0and Angle of ObliquiLy

CONFIDENTIAL



-202- CONFIDNENTIAL

Plate Thickness; vs Fragmeni Weight
for Selected Combinations of Ve

J A 1

rid Anyie wt ObliquITy

Plate Mater-ial %31teelI

V0 2000 fp s

Obliquity 00
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Plate Thickness vs Fragment Wezight
for Selected Combinations of V0

and' Angle of Obliquity

Plate Material S-teel

Vic : 2000f DS

Obliquity I'

I f;s III II--17-rl Ii11 T Iii1" 1

* LL kIphLJillI : , n
Jill! 11 11 lt

.020050 7 020 0.
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Plate THr.,ness vs Fragr-eint Weight

for Selected Combinations of Vo

and Angle Of Obliquity

Plate Pvateria! Steel

V0 : 2000 fp S

Obliquity 700
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Plate Thickness vs Fragmzei-1 WY~ight
for Selected Combinations of Vo

and Angle of CbiilquityJ

Plate Material- Steel

V0 :400fps

.60
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Plate Thickness vs Fragmnent Weight
for Selcted Conmbineations of V0D

and Angie of Obliquity

Plate, M.aterial- Steel

Obliquity 600

.60-
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Plate Thickness vs Frc'Qmentf Weight
for Selected Cornb) nations of V0

and Angie of Obliquity

Plate MAaterval -steel

V0 :4000fps

Obliquity 70'0
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OFETA

Plate Thickness vs Fr'agmeni Weight
for Selected Combinations o~f Vo

and Anqte of Obliquity

Plate Material Steel

V0 : 6000fps

Obliquilly 00

1.0
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vo

and Angle, of Obliquity

Plate Material :Steel

V0 :6000 fps

Obliquity 0-
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tOf 20 35 7 0020 0
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Plate Thickness vs Fragment Weight
for Selected Combinations of Vo

anid Angle of Obliquity

Plate Material --Steel

\'O EOO0fps

Obliquity :7Q0
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APPP.NDIX try-

Citmparisoni of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

C. (Vo) / (Vo) vs Plate Thickness for Selected Obliquitiea; B-1O0
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Comparison of Steel , Trungsten Alloy Fragments
Impacting on Steel Plate (B =100)1

T vs e for Three Ob~iluifies

NOTE: 1. r NO)W
(V.)S

2 T is the Average of the Vaiues of r
Corresponding to Selected Veitues of
Fro Ten 'Weights for Any Given Set
of Values of Obliquity and Materic-1 Thickness

S.Pararmeter Cýombinatlonts Sectc o Meat
the Requirement that NVO~S "400 fps'

1.20

.. ... ...

e~inhes f Stel Pate
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APPENDIX VIN

Comparison of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

T). (V ) / (V )S vs Plate Thickness for Selected Obliquities ; B-300
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Comparison of Steel , Tungsten Alloy Fragments
Impacting on Steel Plate (B:: 300)

T vs e for Three Obliquities

NOTE: I. rr:O
NVOS

2.7 is the Average of the Values of
Correspcrndink to S~etcted V.-lues of
Fragment Weights for Any Given Set
of Values of Obliquity and Material Thivrtness

3.Pafarnaler Combinations Selected to Meet
the Raquiremrnt that (V J.q 2 400 fps

3. T-
.5 t

o ~ ~ ~ 4 (inche of't+llte
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APPENDIX VIII

Comparison of the Performance of Stee l and Tungsten Alloy -agumerize

Impacting on Steel Plate

E. (• ) / (Vr)S vi Plate Thickneas for Selected Obliquities; B-100
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Comparison of Steel, Tungsten Alloy Fragments
Impacting on Steel Plate (B= 100)

"ffvs a for Three Obliquities

NOTE: IR(Vr)W

2.1Kis the Average of the Values of R for
Various FrG-m-nt Weights and Striking
Velo~cifies ; Xius IT Depends Only on 's
and 6

3 .Parameter Combinations Selected to Meet
the Requirement that (Vr),, 1000 ftPs

11 Nil -4 - -"

2. w - . 2 .3 .. 4..
l inche of RtelPo)
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This document contains
blank pages that were
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APPENDIX VIII

Comparison of the Performance of Steel and Tungsten Alloy Fragments

Impacting on Steel Plate

F. (Vr)W / (Vr)S vs Plate Thickness for Selected Obliquities; B-300
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Comparison of Steel ,TLhngq-ten Alloy Fragments

Impacting on Steel Plate (B= 300)

"ffvs e for Three Obliquities

NiOTE: IR- (VV)w
(Vr) S

2.R is the Average of the Values of R for
Various Fragment Weights and Striking
Velocities - fhus W Depends Only on e
and G

3 .Parameter Combinations Selected to Meet
the Requirement that ( Vr)S > 1000 f PS
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1~ nce of StetPae
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APPENDIX IX

Other Ballistic Analysis Laboratory Reports on Penetration
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The first report on penetý7ation issued by this laboratory .

was published in September 1954 as Technical Report No. 14, "A Suggested

Technique for Predicting the Ferfc ianca of Axrmor-Piercirng Projectilas

Acting on Rolled Homogeneous 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 Fragments; Empirical Relationshins"o In this

second report, ballistic lirait data for steel fragments impacting on a

number of materials are analyzed. Empirical formulas arp d'oveloped to

permit estimates of the ballistic iifit for wide ranges of combinations

of impact param-eters.

A third report was published in April 1953 as Technical Report

No. 36, "A Study of Residual Velocity Data for Steel Fragmerts Impacting

on Four Materilis; Empirical Relationships". Empirical forrilas of the

same type are fitted to the data for each material, thereby relating

residual velocity to important impact parameters. Three sets of graphs

are constructed based on these formulas. These sets of graphs permit,

in turn, (1) a comparison, on an equal weight basis, of the resistance

of four materials under impact, using as a criterion, the loss in

velocity experienced by the fra.rnt d-ring parforation, (2) a pictorial

representation of the variation of fragment residual velocity with

striking veLocity for various thicknesses of materials under certain

fixed conditions, and (3) the variation of protection velocity, approxi-

mated analytically, with fragment weight for various thicknesses of

materials under certain fi::ed conditions.
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Photographs o'f Frogments
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URANIUM FRAQ•ENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY• 1w
V : 2610 fps V : 3448 fps V : 4075 fps
V : 1980 fps V : 1867 fs it 77fps
r r r rm : 120 grns : 120 grns ms: 120 grns

m: 119 grns m: '•-. 1 grrs m 94 grnsSr 
r

m: 1 19 gns mr: 113 grns m : 93 grns
.125 in C : .250 in e : 750 ine : 70 e : 70 e :

8 --

3946. V.: 3859 fps V: 2383 fDsVr 1966 fps V: 1756 fps Vr: 1643 fps
m : 120 grns 1r: 120 grns m: 30 grns
m: 13 grns m : 70 grns -ii: 28grns
m : 13 grnsm : 68 grns : 2R ginsr r. re : .500 in e 1.00 in e : .250 in
e : 60 9: 0e : 00

g 9:
V : 1449 fps V • 2183 fps V : 2235 fpsS •,S
Vr: 1150 fps Vr: 16 21 fps Vr: 1651 fps

: 60 grns: •O ginS m: 60 g4nA
in: m : 60 grns -
L.r 60gm:m : 60 grns r 59 grilsm 0g~3M1 60 grns m r: 59 grns
e : .063 in t : .250 in e : .125 in
e : 70 9 : 0 60
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URANIUM FRACMEN1TS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

V : 3820 fps V : 5062 fps V : 4 936 fps
V :-%,2400 fps V : 1819 fps V : 3171 fpsr s" s
m : 240 grnz m : 240 grns m : 240 grnsS ~SS
m : 207 grns m : 96 grns m r 36 grns

inr r
mrn 207 grns m : 32 grns m r 36 grnsrr r
e : 1.00 in e : 1.5 in e : .500 in
9 0 : 00 e 600

V : 5270 fps V: 5920 fps IV 5284 fpsS S -

V : 1226 fps 1 r 2198 fps V r 3449 fpsr r r
m : 240 grns m : 120 grns m : 120 grnsS S "S

: 29grns. '.' 5 grns m : 54 grnsr In rmrn 29 grns m r 5 grns m : 16 grnsrr in"
e : 1.00 in e : .500 in e : 1.00 in

e: 600 0: 700 0: 00

V.: 2557 fps V : 3101 fps V : 2746 fpqS S S
V : 2216 fps V : 2292 fps V : 1733 fpsr r i"
mi 120 grns m s m_: 120 ginss s
m : 120 grns m : 103 grns m : 116 grnsr in in

r: .120 grn : 500 gins m: 116 ginsr r 11rgn

e :.250 in e : .250 in
0 0 00 0: 600
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URANIUM FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

V s 2468 fps V : 3512 fps V : 3633 fpsS S S

V : 2140 fps V : 2753 fps V : 2550 fpsr r r
m q: 240 grns m : 240 grns m : 240 grns

mr 233 grns m : 226 grns Xii : 186 grns
m : 2 33 grns m r: 226 grns m r: 74 grns
e .125 in e : .250 in e : .315 in
9: 70° e : 600 e : 600

V : 2209 fps V : 2939 fps V - 3635 fpsS S "S"
V :-%,2150 fps V : 2244 fps V r 2057 fp.

in r - r •v=
m : 2 4 0 grns m : 240 grns m s 2 4 0 grns

m : 240 grns m : 214 grns m : 130 grnsri r r
ir: 

2 4 0 grns m r 73 grns m : I-0grns
e : .063 in e : .500 in e : 1.00 in: : 0° 0o 0o: 0: 00 1: 0

V : 3691 fps V : 3859 fps V : 4718 fps
V : 2504 fps V r 1745 fps "r : 2628 fps•"r in
m : 240 grns m: 240 grns mS : 240 grns

m : 195 grns m : 63 grns n : 31 grnsin r r
mr: 183 grns m : 37 grnsr r m r 31 grnse : .450 in e .375 in e : .500 in
e : 700 0: 700 0: 70°
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

V : 1981 fps V : 2199 fps V : 2147 fplss s

V 0 V: 0 V: 0r r r

m : 240 grns m : 240 grns m : 240 grns

n r 241 grns m : 240 grns m r 177 grnsinr r

Tn: r 199 grns in: 240 grns m 129 grns

e .250 in e : .500 in e .250 in

e: 70 9: 600 9: 70

V : 3174 fps V : 4430 fps V : 3635 fpsS S S

V r 3091 fps V y ,1748 fps V r 2488 fPSrr 248r"p
in 120 grns m : 60 grns In : 240 grnss S s

in 92 grns in : 49 grns m : 230 grns

mr 92 grns in 49 grns m: 230 grns
r r

e .091 in e .500 in e : .250 in

0: 00 e: 6C0 : 700

V : 3147 fps V : 4884 fps V 4910 fps

V : 2617 fps V r 4412 fps V : 4376 fps

m s 120 grns m : 120 grns in: 120 grns

m : 100 grns in : 83 grns m : 92 grns

in : 100 grns in : 83 grns in : 58 grnsin in r
e .091 in e : .091 in e : .091 in

e: 700 : 70 0 : 700
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"TUNCISTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALrM!NIFM ALLOY

V : 3218 fps V : 3158 fps V : 2941 fps
s S s

V : 1886 fps V r 1800 fps V r 1929 fps
r r r

m : 60 grns m : 60 erns m : 120 grns

m : 56 grns m: ,59 grns m r 115 grns
m : 56 grns m : 59 grns m r 99 grnse : .250 in e .250 in e : .250 in

e : 600 A: 600 6 600

V : 3012 fps V : 3719 fps V : 3733 fps
s S s

V 2167 fps V : 2232 fps V : 2516 fpsr r r
m s 120 grns m : 240 grns m : 240 grns

m: 118 grns m : 174 grns m : 179 grnsr r rm 118 grns m : 126 grns m : 179 grnsr i re : .250 in e : .500 in e : .500 in
6: 60 0 : 60 e : 600

V : 4918 fps V : 4871 fps V : 3153 fps
V r: 4 8 7 7 fps V : 4840 fps V : 3051 fps

m : 120 gris m: 120 gins m : 120 grns
_S S S

n : 72 grns mi: 95 grns 78 ginsr 2gn 5gn m : 78 grns
i r rin:r m : 95Z grs : 78 gins

e: .091 in e: .091 in e .091 in
0: 0 0 0 0: 0
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TUNGSTEN ALLOY FRA(GM-ENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

V s 4150 fps V 2450 fps V 1983 fps
V0 V 0 V: 0

rr' rs 30 grns msn 30 grns Irs 60 grns

mr: 23 grns mr: 30 grns mr: 60 grns
in r: 23 grns m : 30 grns mr. 60 grns
e .500 in e .500 in e : .250 in
0: 60 0 00 0: 600

V 2826 fps ýV s 3381 fps V s: 4742 fps
V r 0 V : 0 V : 0r in in
msi 60 grn: 60 grns ms 60 grns

mr" 6 0 grzn mi: 26 grns i 48 grnts
mr: 60 grns mr: 16 grns mr: 48 grns
e : .500 in e .500 in e 1.00 in

9 45° 0: 600 e 0

V s 2881 fps V 3943 fps V 1243 fps
V r 0 V : 0 V: 0
ms: 120 grns ms: 120 grns msn 240 grns

mr: 106 grns mi: 80 grns mr: 240 grns
mr: 106 grns mr: 80 grns 71: 2 4 0 grns
e : 1.00 in e : 1.00 in e : .091 in

00e : 00: 800
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON ALUMINUM ALLOY

V : 3754 fps V : 3769 fps V : 3724 fpsS S SV : 3492 fps V 3500 fps V : 2486 fpsrr rm : 240 grns m: 240 grns mi• 240 grns

m : 225 grns w : 2 30 grns m : 2 2 5 grnsr rmr: 225 grns mi 145 grns m: 225 grns
e : .250 in e: .250 in e: 1.00 in

: 0 0 0
S0: 00 e: 0

V : 3722 fps V : 3123 fps V : 2867 fpsS s s
V : 2391 fps V : 2007 fps V 2501 fosr r ry- : 240 grns m : 120 grns m : 60 grns

zS s
m : 179 grns mi: 110 grns in 59 ginsr r rnmr: 156 grns m 110 grns mi: 59 grnsr r r
e : 1.00 in e 1.00 in e : .250 .n
E : 00 6 00 0 0

V : 2867 fps V : 3968 fps V : 4250 fpss s S
V : 2420 fps V : 3564 fps V : 3954 fpsr 

r

m : 60 grns m 60 grns mi: 60 grnss s s
m : 59 grns m : 56 grrns m : 46 grnsr ir
m : 59 grns m: 56 grns mi: 46 grm.sr r r "
e : .250 in e .250 in e : .250 in

0 0 0S00: 
:0 : 0
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TUNGSTEN ALLOY FRAGMENTS RECOVERED AFTER IMPACT ON STEEL (B,-300)

V s: 1030 fps V 1791 fps s: 2488 fps
V: 0 V: 0 V: 0r r rsm: 3 0 grns s 30 grns ms: 30 grns

rr 3 0 grns mr: 30 grns mr r 1grns
m : 3G grns i: 30 grns m r 11 grns
e .06 in e .125 in e : .06 in

: 00 : 0o0 9 600

V : 1234 fps V : 3 054 fps V : 198i fps
S s S

V r 0 V r: 1492 fps V 0
m : 60 grns m : 60 grns m : 60 gins

59 grns : 54 grns : 49 grns
mr: 59 grins mr: 54 grns mr: 49 grns
e : .125 in e : .130 in c : .250 in
e: 00 0 : 0

V 4. fps 947 fps Vs: 1886 fps

V : 3100 fps V: 0 V: 0m : 60 grns m.: 12 0 grns ms: 120 Sirns

mr: 26 grns : 117 grns i r 103 grnsm : 26 grns mr : 117 grns m r 76 grnsr r r 6gn
e .250 in e : .125 in e : .250 ine °0o 

0o9 00 : 0 e 0
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TUNGSTEN ALLOY FRAGMENTS RCOVERED AFTER irPACT ON STEEL (B-300)

V.: 3584 fps, V : 4942 fps V : 3835 fps-
S

V: 
2160 fps V : 3675 fpsrr 

rm 120 grns m s 120 grnis rn 240 grns
mr: 106 grns mr: 54 grns m : 222 grns
mnr 106 grns 54 grns mr: 130 grnse .500 in e .500 in e : .125 in9: 00 0o 

0o: 0 : 0

V 2288 fps V 3 7 2 4 fps V : 3870 fps

V: : 8 7
0fp

r 0 V r: 1670 fps Vr: 3225 fpsm : 240 gins rn: 240 grns in: 240 grns
m r: 230 grns m": 117 gins Mr: 137 gins
in: 230 gins n 93 grns : 137 grnse : .500 in e: .500 in e : .125 in: 00 

0 60°

m1w
V 3956 fps V : 3947 frp V : 3898 fpsS ~ S-V: 3400 fps V: 1665 fps V : 2005 fps

rr

m: 240 grns 
r 4 rn /24 grn s 24 grns

m r: 168 grns -- 13grsmr 
0gr

m r 37 gins : 72 grns m 32 grns
e : .125 in e : .250 in e : .125 in
9: 600 e: 600 0 : 700
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STEEL FRAGMENTS RECOVERED AFTER IMPACT ON STEEL (B"-30O)

V 3184 fps V 2123 fps V : 2029 fps
S S -- "S

V: 0 V: 0 V: 0r 
r30 grns m 120 grns m 240 grnsS S S

mi: 10 grns mr 95 grns m : 235 grns
e .078 in e : .078 in e r .078 in
e 600 e : 60°0 ': 700

V: 4108 fps Vs: 5248 lps V : 3453 fps

V : 0 V: 0 V: 0
inr 

rS
m : 30 grns ms: 30 grns m : 120 grns

8 grns mr: 4 grns rnr: 27 grns
m : 8 grns r : 4 grns 24 grnsM

e .125 in e .125 in e r .125 in
e: 60 0 : 60 0 6

600 : 60

Vs 3840 fps V : 1668 fps V : 3269 fpsV 0 V : 0 V : 0
r r r

m : 120 grcq : 30 grns m : 30 gins
m 8 grns : 31 grns m- 26 ginsinmr 

m : 26 rn
mr. 6 grns m r 31 grns r 2 ns
e : .125 in e : .132 in e .247 ine : 600 e: 00 00
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STEEL FRAGMENTS RECOVERED AFTER IMPACT ON STEEL (B-"300)

vs 5160 fps V : 4991 fps V 4810 fps
Ss 

sV : 0 V : 3 9 25 fps V : 3820 fps
r r r
s 240 rns m 30 grns m : 60 grns-- S S

m r . gins m : 6 grns 26 grns
rr L s" m 6 grns m 26 grns

rr 
r C,e .250 in e.: .125 in e .125 in

0: 0 00 00

V: 2984 fps V : '007 fps V: 4945 fps
Ss S 

A.

7fps2 26 5 fps Vr: 2 475 fps Vr: 3 440fps
120grns 2 4 0, grns : 2 4 0 grns

mr 117 g:ns m r 224 grns i 138 grns
r 117 grns 224 grns m. 138 grnsr r 

r.125 in e: . 2 5 in e: .125 in
0 0 9: 

60°

V : 4677 fps 
V : 4700 fps

V : 3870 fps 
3r 

V : 3405 fpsins: 240 grns 
r: 2 0 g ns 

m S: 240 grns
-- Smi: 180 grnsr 

Mr : 173 grns
180 gins 

: 173 grns
e .125 in 

e : .250 in: 009: 
0°

CONFIDENTIAL



CONFIDENTIAL

-247-

.PPERDIX XI

Firing Data

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

e m 6V Vr

Datum No. inches) fgratns) (degrees)

1 .091 240 70 987 0

2 1.000 60 0 4722 0

3 .091 60 70 1598 0

4 i,000 240 0 2801 0

5 .091 240 0 478 0

6 .500 240 0 1291 0

7 .091 60 0 586 0

8 .500 60 0 2185 0

9 .500 60 45 2717 0

10 .5130 240 45 1765 0

11 2.000 240 0 5700 0

12 .250 60 0 991 0

13 .500 240 60 2169 0

14 .250 240 70 2135 0

15 :091 240 80 1234 0

16 .091 120 0 603 0

17 1.000 120 0 2831 0

i8 .091 120 70 801 0

19 .091 60 60 987 0

20 .250 60 60 1968 0

21 .500 60 60 3300 0

22 .250 60 70 2884 0

23 .500 30 3 2608 0

24 .091 30 70 1382 0

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

30 3.000 240 0 10000 0

31 .250 240 0 3754 3492

32 .250 240 0 3169 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 0 487' 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

4? .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

47 .250 120 60 3012 2167
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A. TUNGSTEN ALLOY FRAGMENTS IMPACTING ON ALUMINUM ALLOY PLATE

(CONTINUED)

- m eVS Vr

Datum No. (Inches). • ..n.. (degrees) (f s,)

48 .500 240 60 3719 2232
49 .500 240 60 3733 2516

50 .500 60 60 4452 1142
51 .500 60 60 4452 996
52 .500 ýO 60 4430 3L 748
53 .250 240 70 3654 2324
54 .250 240 70 3635 2488
55 .091 120 70 31.47 2617
56 .091 120 70 3076 2435
57 .091 120 70 4884 441.2
58 .091 120 70 4910 4376
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R. URANIUM FRAGMENTS IMPAC'F NG ()ON AL!JMTN •IM ALLOY PLATE

Datum e m 6 vs Vr
No. (inches) (degrees_ B111N (fE_. f-P-9

1 .500 240 0 120 2974 2245
2 1.000 240 0 120 3680 2058
3 .250 120 0 120 2605 2210
4 .500 120 0 120 3155 2285
5 .750 120 0 120 4133 2765
6 1.000 120 0 120 3913 1750
7 .250 60 0 120 2228 1615
8 .375 60 0 120 2828 2018
9 .500 60 0 120 3506 2365

10 .750 60 0 120 3377 1254
11 .063 60 70 120 1483 1152
12 .125 60 70 120 2930 1964
13 .125 60 60 120 2276 1647
14 .250 60 60 120 3394 2430
15 .375 240 60 120 3689 2546
16 .250 240 60 120 3552 2748
17 .250 240 70 120 3736 2500
18 .375 240 70 120 3901 1740
19 .125 240 70 120 2500 2136
20 .125 120 70 120 2658 1-175
2] .250 120 70 120 3507 1861
22 .250 120 60 120 2792 1729
23 .500 120 60 120 3999 1960
24 .750 120 60 120 6202 2926
25 1.000 120 0 120 6198 4168
26 1.000 120 0 120 5356 3440
27 1.500 240 0 120 5091 1822
28 500 240 60 120 4995 3161
29 1.000 .240 60 120 5333 1223
30 .250 30 0 120 2464 1632
31 .250 60 70 120 3556 0
32 .375 60 60 120 3337 0
33 .375 120 70 120 3958 0
34 .500 120 70 120 6007 2193
35 2.000 240 0 120 5681 0
36 .500 30 0 120 4778 3105
37 .060 30 60 120 1520 1107
38 .125 30 60 120 3707 2-24
39 .250 "30 60 120 4991 3428
40 .500 30 60 120 5547 1999
41 .125 30 70 120 3321 2134
42 .500 240 70 120 4771 2624
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C AUTl-NJM ALLOY FRAGMENTS IMPACTING ON ALUMINUM ALLOY PLATE

e m e Va Vr
Datum No. (inches) (grains) _Cetre e_•) fips).

1 .125 240 0 3093 2693
2 .250 240 0 405'9 3191
3 .500 240 0 4958 3506
4 .125 240 70 4075 3136
5 .072 120 60 2175 1184
6 .072 120 70 2690 1186
7 .125 120 60 2245 1176
8 .125 60 0 1813 1175
9 .072 60 60 1885 793

10 .125 60 60 3587 2021
11 .072 60 70 4026 1596
12 .500 60 0 5011 1074
13 .072 " 30 0 2267. 1480
!4 .125 30 0 2967 1446
15 .250 30 0 3366 1254
16 .072 30 60 2855 1315
17 .125 30 60 4580 1265
18 .072 30 70 3538 1057
i9 .250 60 0 3904 1949

CONFiDENTIAL



CONFIDENTIAL

-252-

D. TUNcSlf*iv ALLOY FRAGmiNtv'S IMPACTING ON STEEL PLATE (B * 100)

e m e V Vr
Datum No. (.ncheS) (grains) (degrees) Lf(

1 .500 120 0 2700 0
2 .500 60 0 3800 0

S.L) 60 70 2500 0
4 .250 60 0 1.950 0
r .125 60 60 1425 0
6 .250 240 0 3766 3079
7 .250 240 0 3752 2920
8 .050 240 0 1940 1898
9 .050 240 0 1913 1853

10 .250 60 0 2712 1404
I 1 .250 60 0 2790 1518
12 .250 240 60 4013 249'
13 .050 240 70 3514 3317
14 .050 240 70 3413 3295
15 .125 120 0 2284 1734
16 .125 120 60 3067 2100
17 .500 240 0 3619 1040
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E. TUNGSTEN ALLOY FRAGMENTS IMPACTING ON STEEL PLATE (B1 300)

e m e Vs Vr
Datum No. (inches) (grains) _dgrees) BHN (gfpp_

1 .125 60 0 370 1232 0
2 .125 60 60 370 2316 0
3 .060 30 0 410 978 0
4 .060 30 60 410 2338 0
5 .125 30 0 370 1725 0
6 .250 60 0 388 1890 0
7 .250 120 0 388 1.881 0
8 .125 120 0 370 936 0
9 .500 120 0 370 J538o
10 .500 240 0 370 2243 0
11 .060 240 0 410 656 0
12 .060 240 60 410 1054 0
13 .060 240 70 410 1674 0
14 .500 240 70 370 10000 0
15 .500 240 60 370 7000 0
16 .250 240 70 388 7000 0
17 .250 240 60 388 3669 0
18 .250 120 70 388 5000 0
19 .250 120 60 388 3145 0
20 .125 120 70 370 4224 0
21 .125 ou 0 370 2989 1295
22 .125 60 0 370 3054 1492
23 .250 60 0 388 4414 3100
24 .500 120 0 370 4.942 2160
25 .125 240 0 370 3835 3675
26 .125 240 60 370 '1956 3400
27 .125 240 70 370 :3778 1980
28 .125 240 70 370 :3898 2005
29 .125 240 60 370 3870 3225
30 .250 240 60 388 3947 1665
31 .250 2,40 60 388 3947 1840
32 .500 >0 0 J70 3724 1670
33 .50O 240 0 370 3629 1550
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F. STEEL FRAGMENTS IMPACTING ON STEEL PLATE OF VAR[CUS IUARDNESSES

e m e vs Vr
Datum No. (inches) (grains) (degrees) BHN (fps(

1 .060 120 60 135 2642 1830
2 .060 30 0 135 3975 3330
3 .060 30 60 135 3572 1615
4 .060 60 0 135 1291 840
5 .060 60 60 135 3935 2680
6 .060 120 70 135 3919 2450
7 .018 30 70 135 2933 2400
8 .018 30 0 135 2915 2785
9 .018 60 0 135 991 910

10 .018 60 70 135 2088 1425
11 .125 60 0 135 2899 1780
12 .125 120 60 135 4894 2815
13 .125 240 0 300 4677 3870
14 .125 60 0 300 2886 1915
15 .125 60 0 300 4810 3820
16 .125 30 0 300 4991 3925
17 .125 120 0 300 2984 2265
18 .125 240 0 300 3007 2475
19 .125 240 60 300 4945 344020 .250 240 0 300 4700 3405

21 . 60 0 300 4810 2255
22 .250 240 60 300 4695 1475
23 .625 30 0 410 11500 0
24 .500 30 0 200 9000 0
25 1.000 120 0 128 9000 0
26 .500 120 70 200 9400 0
27 1.000 240 0 128 6400 0
28 .500 240 60 200 7071 0
29 .065 240 70 110 1100 0
30 1.000 30 0 128 12000 0
31 1.000 240 45 128 9000 0
32 1.500 240 0 141 9500 0
33 1.000 60 0 128 10500 0
34 .250 30 0 92 3200 0
35 .060 240 70 100 6079 4158
36 .060 240 70 100 6016 444'
37 .060 240 60 100 6067 4
38 .060 240 60 100 6050
39 .132 240 70 100 6045 32"
40 .132 240 70 100 5902 316f
41 .132 240 60 100 6108 4r':&
42 .132 240 60 100 6064 3c-.-
43 .132 120 60 100 5953 2,0JO
44 .032 120 60 100 5944 24!I9
45 .060 D20 60 100 5760 37:2
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58 .125 240 70 350 3000 0
59 .078 240 70 350 1750 0
60 .125, 120 70 350 7000 0
61 .125 120 60 350 3600 0
62 .078 120 60 350 1900 0
653 *20120 60 350 610 064 .0830 60 350 3300 0
65 .125 30 60 350 4800 0
66 .029 30 0 90
67 1061
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DEPARTMENT OF THE ARMY
U.S. ARMY RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND 21005-5066
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AMSRL-OP-SC-AP (380a) ERAA15 February 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 UNT-IMITED.

Please annotate your records accordingly.

3. Point of contact Mr. Douglas J. Kingsley, DSN 298-6960.

ERRATA - 09/?
Chief, A- SLER

Chief, ARL-APG Security Cffice


