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HÏPERVELGCITY IMPACT PHENOMENA 

Introduction 

The prrrpnoa of Uiíg-lrrygü liga Huir ifl-to ïrtwdy the parameters 
« , "lí*»» 

governing the Taille of thin metal plates under the impact of high- 

speed fragment^1; special emphasis is placed on the lightweight struc¬ 

tural alloys. The geometrical features of the perforations, together 

with the spatial, mass, and velocity distributions of the ejecta 
(cpïïl.:.J 

produced in the perforation process, arejei# iiujui-Mgtir''IrrUqreahi .tewe 

theeer-V»l»i,ah1 y Hirtpanrio»,4,,, -ftf’ tha-  

■impacting ÿjmjmkààm .T*1 Ihi.Aiairgflifli 

Hwateril.a.liini..a.• pyt- liewi1- rn'e.. 

»..¿fan, 

.... -flama.jyjg gflÿ.iaftaiiatá 
(SS’ § '•> A& 3k..cf ?.% J ,.J 

a few select target materials Jare currently being investigated under 

impact conditions that involve the same projectile geometry but dif¬ 

ferent impact velocities. 

Behind-Target Effects 

Spall Mass Distribution Data 

An initial effort toward determining the distribution of spall 

mass behind thin targets was presented and discussed in the preceding 
y 

report . The investigation involved 3.17 km/sec. (23.5 mg.) steel 

projectiles impacting various thicknesses of 202lt-T3 aluminum at normal 

incidence. Distribution plots for the combined projectile and target 

1/ Becker, K, R., Watson, R. W., and Gibson, K. C., Hypervelocity 
Impact Phenomenas Bureau of Hines, April 5, 1962. 
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masses, as well as for the target mass alone, were presented. One 

pertinent result obtained was that the distribution curves were qual¬ 

itatively similar to those obtained for the population (number of 

spall particles) distribution. Additional data for luO km/sec. pro¬ 

jectiles are now availablej the new data is presented and compared 

with the initial data* 

The new data involves studies on three thicknesses (1/16, 2/16, 

and 3/16 inches) of 202U-T3 aluminum targets impacted by luO km/sec. 

projectiles at normal incidence. The spall products were collected 

in gelatin and separated into six ring elements by means of a tech¬ 

nique described in the previous report. The spall products from each 

ring element were further separated, by chemical analysis, into either 

target spall (aluminum fragments) or projectile particles (steel frag¬ 

ments). The spall distribution curves are presented in Figures 1, 2, 

and 3; the figures show the spall distributions for the combined tar- 

get-projectile spall system and for the target and projectile spall 

separately. Tabulations of data associated with the plots are given 

Am 0 
in Tables I and II. The plots show 7=-7- vs - where A M is the mass of 

A .(1 2 

spall in a given ring element,A il is the corresponding subtended 

0 
element of solid angle and - is a radially sensitive coordinate defined 

¿ 

in Figure I4. Each figure contains three curves where each curve repre¬ 

sents a target thickness. One qualitative characteristic of all the 

curves is similar - mass density decreases nonotonically with in- 

0 
creasing values of ~ , hence the spall mass is most dense directly 



beneath the perforation in the target and diminishes radially out¬ 

ward* Also evident is the target thickness effect} an increase in 

target thickness results in an increase in total recovered spall mass 

and results in greater mass densities ^^at given values of j • 

It is interesting to note that the correlation between target 

thickness and recovered mass applies to not only the target material 

but also to the recovered projectile material (see Figure 3)* Total 

recovered projectile masses for different target thicknesses are tab¬ 

ulated on the figure and show that total recovered projectile masses 

for 1/16, 2/16, and 3/l6-inch thick targets are respectively 6.1, 10.1, 

and 15*9 milligrams (the original projectile mass was about 23*5 milli¬ 

grams). Tbps, one is able to recover larger amounts of projectile 

material through increasingly thicker targets} there seems little doubt 

but that this is the case since the data are quite reproducible. (It 

might be remembered that for lower projectile velocities, the amount 

of projectile material projected through the target was independent 

of the target thickness so long as the target thickness is well below 

the maximum crater depth.) The dependence of transmitted projectile 

material upon target thickness cannot be satisfactorily explained 

without a detailed knowledge of the shock interactions taking place 

within the target. An attempt to gain some knowledge in this area is 

contemplated and is quite likely to produce information that would be 

useful in resolving experimental observations of spall phenomena. 



Th® li.0 km/sec. spall mass distribution data can be compared with 

results previously obtained from 3.17 km/sec. projectiles. This is 

accomplished by reducing the data by the normalizing factor ^ where 

is the total mass of the spall fragments for a given velocity-thickness 
1 AMi 

set of data. The comparison is made on Figure 5 and shows — 

9 M4 
Mi 

-vs 

at two impact velocities for both the projectile and target spall 
c 

masses. The plot illustrates two interesting characteristics of spall 

phenomenal (l) the percentage of either target spall mass or projectile 

spall mass, found in any given element of space behind the target is 

relatively insensitive to the impact velocityj (2) there is a difference 

in the distribution of the target spall mass and projectile spall mass - 

the projectile spall mass is not dispersed as much in a radial direction. 

Spall Population Distribution Data 

In view of the fact that the total spall mass has been separated 

into projectile mass and target mass and treated individually, it 

seemed desirable to apply the same treatment to the population distri¬ 

bution of each type of spall particle. 

Previous data, obtained by a relatively simple technique, did not 

distinguish the number of projectile particles from target spall parti¬ 

cles. A limited amount of data, employing a somewhat more time con¬ 

suming technique which does allow the desired distinction, are now 

available. The technique is, up to a point, identical to that used for 

mass distribution determinations: the spall particles are collected in 



gelatin; thö gelatin is separated into ring elements and each gelatin 

ririfj element is dissolved in hot water; the spall particles are fil¬ 

tered out, dried and counted. At this point the steel projectile par¬ 

ticles are separated from the aluminum target particles by repeated 

passes of a magnet beneath the paper containing the mixture of spall 

particles and the separated aluminum particles are counted again. 

The projectile particles were not counted because the magnetized steel 

particles were attracted to each other; the number of projectile 

particles was the difference between the first two counts described 

above. 

íhe extent of data obtained by this technique amounts to 12 shots 

(3 shots each for two target thicknesses and two projectile velocities), 

'1 he targets used were 2/16 and 3/l6-inch thick 202I4-T3 aluminum. They 

were impacted by both 3.17 km/sec. and J4.0 km/sec. projectiles at 

normal incidence. The treated data are plotted on Figure 6 and tab- 

lasted in Table III. The plot shoes i- as a function of S and 

gives data points for both types of spall material at two impact 

velocities; the results have been averaged for the two target thick¬ 

nesses. This plot allows one to compare the relative percentage of the 

total number of projectile (steel) particles found in a given ^ element 
2 

with the relative percentage of the total number of target (aluminum) 

particles ioimd in the same — element. Since the plotted data points 

seem to define two different curves each characterized by particle type 

rather than by impact velocity, the following conclusions are made: 



(1) both the projectile and target spall population distributions are 

relatively independent of impact velocity; (2) the projectile particles 

are not distributed in the same manner as the target spall particles; 

the projectile spall particles have a tendency to be grouped more closely 
Q 

about j ■ 0 # 

The conclusions arrived at for the population distributions are 

sjjttilar to those pertaining' to the mass distribution data; the correlation 

between number and mass is simply an indication that the distribution of 

particle size is not particularly dependent upon — . 

One other useful bit of information is available from these data; 

for a given impact situation, about 62% of the spall fragments are target 

sipall fragments and 38# are projectile fragments (see Table III for a 

tabulation of this comparison for each velocity-thickness group). 

Individual Spall Particle Mass and Size 

Sufficient data associated with aggregate numbers and masses of 

spall particles are now available, under varying experimental conditions, 

so that rough indications of average individual particle mass and size 

are possible. 

A plot illustrating the dependency of average individual particle 

mass as a function of target thickness for the parameters - Impact 

velocity and spall particle type is presented in Figure 7. The effect 

shown is an average over all the space increments. The data for 1/16 

inch target thickness is an average for both projectile and target spall 



particles because no data relating to a separation of the two types 

of particles are available. Several characteristics of the data are 

worthy of note: (l) for given target thickness, the average mass of 

both the projectile particles and target particles is relatively in¬ 

sensitive to impact velocity; (2) the average mass of both target and 

projectile particles increases substantially with increases in the 

target thickness; the ratio between masses for 3/ló-inch thick targets 

as compared to 1/16 inch targets is about an order of magnitude; (3) 

the average mass of target spall particles is roughly 2 to 3 times 

that of the projectile spall particles at the two thicknesses where 

such a comparison is possible. Since the ratio of the density of 

steel to that of aluminum is about 3* the relative volume of an aver¬ 

age individual target spall particle is about 6 to 9 times that of 

an average individual projectile particle. 

Spall Population Distributions for Oblique Impacts 

Distributions associated with oblique impacts are not complete, 

however, certain interesting observations pertaining to the center of 

spall populations are evident. Oblique impact studies involved three 

impact angles - oc « $0 degrees, oC- 60 degrees, and Oi> 70 degrees; 

the target material was aluminum 202U-T3 in thickness sizes ranging 

from 1/32 inch up to 1/6 inch. All targets were impacted by 1|.0 km/sec. 

23.5 mg., steel projectiles. Three shots were made for each thickness- 

impact angle combination. The population of spall particles was deter- 



mined by counting holes in 1 mil thick aluminum witness targets lo¬ 

cated 6-1/2 inches beneath the target plates. In addition, another 

count was taken of the number of particles that were capable of pene¬ 

trating an additional 7 mils of aluminum foil. The centers of popu¬ 

lation were determined by considering the position of the holes relative 

to the origin. Thus, it is possible to find the centers of populations 

and distributions for essentially all the spall fragments and also for 

those penetrating the back-up target. A tabulation of the centers of 

population is given in Table IVj the corresponding plot is Figure 8 

which eivea the displacement angle (f) as a function of impact angle 

(©C) with target thickness as a parameter. The displacement angle is 

a measure of the displacement of the center of spall population relative 

to point 0 on Figure h. The plot also shows separate data points for 

the spall particles having higher penetration capabilities; these are 

identified in the key under the heading - "10$" because in each case, 

about 10% of the total number of spall particles were capable of pene¬ 

trating the back-up target regardless of the target thickness or impact 

angle. Significant features of the plot are as follows: {1) the data 

are best represented by four curves, each defining a different target 

thickness group; and increase in target thickness results in a decrease 

in displacement angle at given impact angle value; (2) although the ten 

percentile groups appear to yield slightly lower displacement angles 

than corresponding 100 percentile groups, the difference in most cases 

is not particularly significant and it is concluded that they are not 



different; (3) for given target thickness, displacement angle reaches 

a maximum at an impact angle of about ?0 to 60 degrees; further in¬ 

creases in impact angle appear to result in a decrease in displacement 

0 angle. It should be mentioned, however, that the form of - vs<X curves 

is somewhat distorted here if one considers the increased thickness due 

to obliquity to be important because then the effective target thick¬ 

ness would increase with the angle of impact and the curves shown on 

the plot would not represent a constant thickness. In any event, an 
Û 

attempt to apply corrections to the ~ values in order to account for 

the differences in effective thicknesses, did not alter the qualitative 

characteristics of the vs oC curves; (J*) the displacement angle is 

substantially less than the impact angle, e.g., at an impact angle of 

Ó0 degrees, displacement angles of about 1*0, 32, 27, and 17 degrees 

for respective target thicknesses of 1/32, l/l6, 3/32, and 1/8 inches 

are obtained; (5) further work on the oblique impact data is contem¬ 

plated; it remains to find the distributions about the center of impact 

on either the witness plane or perhaps on a plane perpendicular to the 

displacement vector. 

Summary of Pehind-Target Effects 

¢1) When the spall mass is separated into target spall mass and 

projectile spall masses, it is found that the masses of both types of 

spall are symmetrically distributed about the center of impact; how¬ 

ever, the projectile material is more closely grouped about the center 



of impact. The distributions of each type of spall are, however, 

independent of impact velocity. 

(2) The same conclusions given in (l) for the spall mass apply 

to the spall populations (numbers of spall particles). Roughly 6256 

of the total number of spall particles is target materialj the balance 

is projectile material. 

(3) The average mass of a spall particle (projectile particle or 

target particle) depends markedly upon the target thickness and is 

relatively Independent of impact velocity. When the target thickness 

Is increased from l/l6 inch to 3/16 inch, the average mass of target 

spall particles increases by roughly an order of magnitude. At given 

target thickness, the target particles are 2 to 3 times as heavy as 

the projectiles; due to the difference in densities the volume of an 

average target particle is roughly 7 times that of its steel counterpart. 

(il) For targets impacted at oblique angles, the displacement of the 

center of spall Impact is In the direction of the projectile travel; 

however, the angle of displacement is always less than the angle of Im¬ 

pact. The angle of displacement is dependent upon both the angle of 

impact and the target thickness; for given angle of impact, increasing 

target thickness corresponds to decreasing displacement angle. For 

given target thickness, the displacement angle maximizes at impact angles 

of from 50 degrees to 60 degrees. 

Two other interesting results were obtained from oblique impact 

studiesî (1) the percentage of spall fragments having superior pene- 



tration capabilities is independent of target thickness or impact 

anglej (2) displacement angles, obtained from the spall patterns of 

the "superior” spall particles, are not substantjally different from 

those obtained for the complete spall pattern containing spall par¬ 

ticles of lower penetration capabilities. 

Ballistic Impulse Studies 

The experimental program to determine the manner in which the 

incident projectile momentum is partitioned between target impulse 

and the momentum of the material ejected from the target was con¬ 

tinued. Previously reported studies using aluminum targets impacted 

by O.O23I4 gram steel projectiles having an initial velocity of 3.17 

kra/sec. have been extended to cover impacts at b km/sec. In addition, 

the preliminary study with lead targets carried out at 3.17 km/sec. 

has been extended to include impacts at Î4.O km/sec. and 3.0 km/sec. 

Studies with 202VT3 Aluminum 

Target impulse as a function of target thickness was measured for 

I/I6", 2/16", 3/16", li/16’', 5/16" and j/ii" thick 202li~T3 aluminum tar¬ 

gets impacted with steel cylinders having an initial mass of O.O23J4 

grams and a velocity of ii.O km/sec. With the exception of one minor 

change the pendulum arrangement described in the last report was used 

for this purpose - the carbon paper sheet used for recording pendulum 

deflection in the 3.17 km/sec, impact experiments was replaced by a 

lightly smoked-glass plate for the I4 km/sec. studies. This was done 



in a reasonably successful effort to further reduce the friction of 

the recording system. The results of this series of tests are pre¬ 

sented in Table V and are compared with the results obtained in the 

3.17 km/sec. studies in Figure 9« 

A consideration of the results obtained at M km/sec. indicates 

that the same behavior noted at 3.17 km/sec. studies is exhibited at 

luO km/sec., that is, the impacts can be considered as being essentially 

inelastic where only the momentum of the incident projectile is trans- 

lerred to the target-spall system. It should be pointed out that the 

evidsiiee for this observation is not quite as strong as that presented 

for the series of tests carried out at 3.17 km/sec. This is partly due 

to the fact that while the velocity of the IwO km/sec. projectiles is 

accurately known the delivered mass has not been precisely determined 

to date. The experimental difficulties associated with this measure- 

aent were noted earlier in this report. However, average recovered 

masses as high as 15.9 milligrams have been reported. On the assump¬ 

tion of inelastic Impact, the average forward momentum obtained for 

"semi-infinite” Impacts at Ji.O km/sec. leads to a value of 21,ij milli¬ 

grams for delivered mass* In view of the similarity between the results 

obtained with exposed "semi-infinite" targets and those faced with 

fiberboard - a combination that produces little front surface ejecta - 

the value of delivered mass can be considered to be a reasonable 

estimate. 



Another observation used to support the inelastic collision model 

proposed for the tests at 3.17 km/sec. was the fact that in this case 

the difference between the mass lost by the target and the mass of 

target material recovered in the behind-target studies was small, 

demonstrating that little material was ejected from the front surface 

of the target. This is not the dase for impacts at li.O km/sec. Care- 
•B 

ful mass lost and mass recovered measurements indicate that a consid¬ 

erable percentage of the mass lost by thin targets impacted at luO km/sec. 

is lost from the front surface of the targets. This is illustrated in 

Figure 10 where the percentage mass lost from the first surface of thin 

targets are compared for impacts at 3*17 km/sec. and luO km/sec. If 

these results are to be reconciled with the results of the impulse 

studies one must conclude that the velocity associated with the mate¬ 

rial ejected from the front surface of thin aluminum targets is very 

low over the impact velocity range investigated. 

Studies with Lead Targets 

Unlike aluminum impacts, where only the projectile momentum is 

transferred to the target-spall system, initial tests with lead at 3*17 
1/ 

km/sec. clearly demonstrated the phenomena of momentum multiplication. 

Since this effect is of prime importance in protection design consid¬ 

erations, work with lead targets has continued. The initial target 

impulse studies carried out at 3.17 km/sec. with relatively thick tar¬ 

gets have been extended to include targets having thicknesses of l/l6% 



2/16", and 3/l6". These results are presented in Table VI. 

As a result of the momentum associated with the material ejected 

from the front surface of the targets these data are inadequate for 

determining the values of spall momentum for the various thicknesses 

tested. In order to evaluate this parameter an additional series of 

tests was conducted in which total forward momentum was measured for 

targets of different thicknesses. The details of the target arrange¬ 

ment used in this series of tests are shown in Figure 11. The results 

of these tests, also presented in Table VI, coupled with the target 

impulse measurements were used to calculate the values of spall momen¬ 

tum associated with each target thickness. The overall test results 

are shown in Figure 12. 

Perhaps the most significant feature of this series of experiments 

is the fact that the total forward momentum imparted to the target- 

spall system is essentially independent of target thickness for thick¬ 

nesses 1/16 inch or greater. This is clearly illustrated in Figure 13 

where the measured values of total forward momentum are plotted against 

target thickness. The 1/16 inch thickness corresponds very closely to 

the primary penetration expected for these projectiles on the basis of 

‘IJr 
hydrodynamic consideration , 

The purpose of another lead-target investigation was to determine 

the behavior of the ratio_ii as a function of impact velocity. It will 

From the hydrodynamic penetration formula, P - jP"t , a 1/16 inch 
long steel projectile would penetrate to a depth of 0.052 .inches In a 
lead target before expending Itself. 



be recalled that on the basis of Bryan's treatment of oblique impact 

this parameter should be independent of impact velocity^. Measure¬ 

ments carried out at 3-17 km/sec., k.O km/sec** and $,0 km/sec. in¬ 

dicate that monotonically decreases over the range investigated. 

The standard projectors developed at this laboratory were used 

for the tests at 3*17 km/sec. and luO km/sec.; for the tests at $,0 

km/sec. an air-cavity projection system developed at B.R.L. was used. 

Extensive calibrations of this projector system showed that it consis¬ 

tently delivered a mass of 0.18 Í .013 grams at a velocity of $,0 I ,09$ 

kra/sec. The projectile material is steel as in the case of the standard 

projectors used here. The shape of the projectile, however, cannot be 

accurately controlled. This would lead to differences in crater profile 

with some target materials, depending on the attitude of the projectile 

at impact. Since craters in lead, produced by these projectiles are 

essentially hemispherical this consideration is of no importance in 

this discussion. 

The results of this series of tests are tabulated In Table VII and 

illustrated in Figure lh where "Hi, -h , and the ratio are plotted as 

functions of impact velocity. It will be noted that '4i shows a tendency 

to increase with impact velocity. However, the normalized mass lost is 

a much more rapidly increasing function of impact velocity and as a 

consequence the ratio of the normalized momentum to the normalized mass 

is a uniformly decreasing function of impact velocity. This observation 

has no simple interpretation in -terms of Bryan's theoretical treatment. 
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1 Plot illustrating the mass distribution of spall, (projectile and target 
spall) behind thin targets for three thicknesses of Aluminum 20214-13. 
The targets were impacted by li.O km/sec, steel, projectiles at normal 
incidence. The plot gives mass "density" as a function of one half 
the dispersion angle. 



2 Plot illustrating the mass distribution of spall (target spall only) 
behind thin targets for a situation where lj.0 km/sec steel,projectiles 
impacted Al. 202li-F3 targets at normal incidence. The plot shows 
mass "density1* as a function of one half the dispersion angle. 
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3 Plot Illustrating the mass distribution of projectile fragments 
behind thin Aluminum 202)i-T3 targets impacted by I4.Ö km/secj 2‘j mg, 
steel projectiles at normal incidence. The plot gives mass 
"density" as a function of one half the dispersion angle. 



Fig. 4 Sketch illustrating geometric details of the experimental set-up for 
determining the spatial distribution of spall fragments. 
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Fig. 5 Plot of normalized mass distribution data as a function of 0/2 for 
both the projectile spall mass and target spall mass at two impact 
velocities. 
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Fig, 6 
n™wiu!rr\lrd IP!n p^'jlation distribution data separated into 
projectile spall and target spall as a function of 0/2 for two 
projectile velocities. 
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Target Thickness (ln.) 

Fig. 7 Plot illustrating the average mass of a spall particle as a 
function of target thickness. 

{•) 



Fig. 8 Plot illustrating the displacement of the center of spall impact as a 
function of impact angle for several different target thicknesses. 
The plot shows data points for all spall fragments and for the 10 percent 
which have greater penotrat!on capabilities. 
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0 1/16 2/16 3/16 

Target Thickness - in. 

Flg. 10 Percentage of total target mass lost attributable to losses due to 
first surface effects for thin 2Ö24-T3 Aluminum targets impacted at 
3.17 and 4.0 km/sec. 
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Impact Velocity - ka/sec 

Fig. 14 Dependence of the momentum and mass parameter8, in and , on impact 
velocity over the velocity range from ,3*17 km/sec to 5«0 km/sec. 



Table I. Tabulation of data associated with the mass distribution of spall 
(target spall and projectile spall) behind thin targets for luO km/sec 
projectiles Impacting aluminum 202Û-T3 targets at normal incidence. 

Solid Angle 

0.07U .07Ü 

0.278 .20I4 

0.578 .300 

0.932 .3¾ 

1.303 .371 

1.666 .363 

Dispersion 
Angle (deg) 

(e/2) 

8.7 

17.1 

2lu8 

31.6 

37.6 

Ü2.7 

Average Mass of Spall Fragments (mg) 

Target Thickness (in.) 
(1/16) (2/16) (3/16) 

Am <t 

5.5 3.8 
(Ik) 

8.7 3.9 
(U3) 

8.2 1.1 
(27) 

5.I1 1.1 
(15) 

6.3 2.3 
(17) 

3.Í4 0.9 
(9) 

Am <r 

12.7 5.6 
(172) 

30.5 lu5 
(1U9) 

16.3 Í4.U 
(5U) 

17.2 2.6 
(Ü8) 

9.2 1.3 
(25) 

7.3 3. 
(20) 

Am cr 
27.2 13.0 

(367) 

65.1 19.3 
(319) 

31.0 15.8 
(103) 

20.0 
(56) 

15.3 
(ill) 

1.9 

2.7 

17.0 11.7 
U7) 

Average Total Mass, 
(mg) 

37.5 1.9 93.2 8.8 175.6 1I4.I 

Notes: (l) The masses given here include both projectile material and 
target material. 

(2) Numbers in parentheses are A M/A It. The A A intervals are 
associated with A r increments of 1.0 in, on a plane which 
is laid out in a family of concentric circles and is located 
6.5 inches from the target plate. The solid angle (SI) and 
dispersion angle (0/2) are specified at the end point of the 
Interval, 

(3) <T » range//!} (n » 3). 



Table il. Tabulation of data associated with the mass distribution of projectile 
particles behind thin targets* The luO km/sec projectiles impacted 
aluminum 202U-T3 targets at normal incidence. 

Average Mass of Projectile Particles (mg) 

Solid Angle 
it 4 XL 

0.071* *07U 

0.278 .20U 

0.578 .300 

0.932 .35U 

1.303 .371 

1.666 ,363 

Dispersion 
Angle (deg) 

(0/2) 

8.7 

17.1 

21*.8 

31.6 

37.6 

1*2.7 

(1/16) 

AM 0* 

2.3 0.7 
(31) 

2.2 0.6 
(11) 

0.7 0.6 
(2) 

0.6 0.2 
(2) 

0.3 0.1 
(1) 

0.2 0.1 
(1) 

Target Thickness (in.) 
(2/1.6) (3/16) 

AM cf 

3.1 2.8 
(1*2) 

1*.8 1.3 
(21*) 

1.1* 1.5 
($) 

0.3 0.3 
(1) 

0,3 0.1 
(1) 

0.2 0.0 
(1) 

AM cr 

5.0 1.7 
(68) 

8.6 1.0 
0*2) 

1.3 0.6 
(a) 
0.5 0.2 
(1) 

0.3 0.1 
(1) 

0.2 0.2 
(1) 

Average Total Mass 
(mg) 

6.1 0.3 10.1 3.1 15.9 2.3 

Notes* (l) The masses given here include only projectile (steel) masses 
as determined by chemical means. 

(2) Numbers in parentheses are A M/A il. The Ail Intervals are 
associated with A r (radial) increments of 1.0 in. on a plane 
which is laid out.in. a. family of concentric circles and is 
located 6,5 inches from the target plate. The solid angle 
(it) and dispersion angle (0/2) .are specified at the end 
point of the interval. 

(3) <J ■ range//ñj U * 3)- 
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Table VI. Measured values of total forward momentum and target Impulse 
for various thicknesses of lead impacted with .0231* gm. steel 
projectiles having an initial velocity of 3*17 km/sec. 

Target 
Thickness 

(in.) 

Total Forward 
Momentum 

(gm-cm/sec) 

Target 
Impulse 

(gm-cm/sec) 

Normal Spall 
Momentum 

(gm-cm/sec) 

.035 

.01*9 

1/16 

2/16 

3/16 

h/l6 

5/16 

3/1* 

7,267 

7,558 

12,073 

12,982 

13,31*6 

1,211 

1,1*81* 

3,633 

10,862 

.11,1*98 

9,713 

13,350 

10,500 

13,350 

2,850 

0 

ill «111 



Table VII. Total Inpulse and mass loss data for "semi-infinite" lead 
targets impacted with steel projectiles having initial 
velocities of 3«17 km/sec«, lt«0 km/sec.f and 5*0 km/sec* 

Impact 
Velocity 
(km/sec) 

Projectile Target 
Mass Impulse 
Í0"O (gm-cm/sec) 

Target Mass 
Loss 
(gm) 

3.17 .023U 13,350 .358 1.8 15.2 

U.O .023li 16,358 ♦1*77 1.91 20.lt 

5.0 .18 232,378 8.9 2.50 ^9.5 

Tn« parameter, 1^, is the ratio of target impulse to the momentum 
of the impacting fragment. 

the parameter, » , is the ratio of target mass lost to the mass 
of the impacting fragment. 
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