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HYPERVELOCITY IMPACT PHENOMENA 

Introduction 

A considerable amount of data have been accumulated and analyzed 

describing the character of spall fragments resulting from the impact 

on thin targets by high velocity projectiles. In these tests the 

projectile velocity has been varied >¿1116 the projectile material and 

its geometry (hence its mass) have been kept constant. The projectiles 

used were steel cylinders with both the diameter and length equal to 

1/16 inches having a mass of about 2li mg.j these are designated as 

Scale I, steel projectiles. 

Some data are now available for Scale II, steel projectiles, i.e., 

the linear dimensions of the projectile are scaled by a factor of two 

and the mass by a factor of eight; the Scale II projectiles are steel 

cylinders having a diameter and length of 1/8 inches and a mass of 

about 190 mg. The Scale II explosive projector is shown in figure 1 

and provides the same projectile velocity as one of the Scale I pro¬ 

jector systems (3.2 km/sec.). 

The scope of work accomplished with Scale II projectors involves 

studies on three thicknesses of aluminum, 202li-T3, targets; the popu¬ 

lation distribution and mass diètribution of spall particles have been 

determined and compared with similar results from Scale I impacts. 

Futhermore, the availabilities of Scale II data allows scaling between 

Scale I and Scale II impact by comparison of total numbers and masses 

of spall particles. 
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Behind-Target Effects 

Spall Population Distribution Data (Scale II Projectiles) 

Population distribution data were derived from Scale II projec¬ 

tiles impacting three thicknesses (3/16, l/li, and 3/6 inches) of 

aluminum (202l*-T3) targets at normal incidence. The spall material 

penetrated a thin aluminum witness foil located 6.5 inches beneath 

the target plate. The physical set-up of projector, target plate, 

and witness foil as well as treatment of data is identical to that 

described in earlier reports for Scale I projectiles!/ • The basic 

data are tabulated in table I which gives the number of spall frag¬ 

ments found in each element of solid angle for each target thickness 

group. The reduced data are plotted and compared with former Scale 

I data in figure 2. The plot gives 1 vs| and may be thought 

of as depicting the percentage of the total population density plotted 

against the angle which is a measure of the radial distance out from 

the center of spall impact. The solid curve shown, represents the data 

from similar Scale I results} the Scale II data points fit the curve 

quite well and one may reasonably conclude that the percentage of the 

total number of fragments found in any given element of solid angle is 

independent of the projectile scale size. Also, the fragments having 

higher penetration capabilities are not distributed differently than 

1/ Becker, K. R., Watson, R. W., and Gibson, F. C., Hypervelocity 
Impact Phenomena* Bureau of Mines, November 1961 (Preliminary 
Background Report). 



I Hi :-1 i .. . .. ’ I , , ^_.. 

3 

are fragments for the whole aggregate group. The solid circles on 

the plot represent the 20¾ group with somewhat higher penetration 

capabilities and these data points are essentially the same as those 

representing the aggregate group. The distribution for the 20¾ group 

was obtained by filtering out 80¾ of the particles with addition^ 

thicknesses of witness foil and taking a distribution for those par¬ 

ticles capable of penetrating the additional foil. Data for the 20¾ 

group are tabulated in table II. 

Spall Mass Distribution Data (Scale II Projectiles) 

Mass distribution data for Scale II projectiles impacting three 

thicknesses of aluminum (202U-T3) targets at normal incidence were 

obtained by gelatin collection methods described in earlier reports. 

The gelatin collection method involves an actual recovery of spall 

material found in various ring elements and allows a chemical separa¬ 

tion of projectile particles from target particles. The distributed 

target and projectile particle masses are given in tables III and IV 

respectively. The data from table III, (target spall masses) are 

reduced by averaged over target thicknesses, and plotted against 

I on figure 3. The solid curve shown is for the previously tested 

Scale I projectiles and the plot shows that there is a reasonable fit 

between the Scale II data points and the Scale I curve. The signif¬ 

icance of the plot is that the percentage of the total target spall 

mass found in a given element of solid angle behind the target is 
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independent of the projectile scale size. 

The distributed projectile masses are not plotted but the data 

are included in table IV for possible use in subsequent analyses of 

spall phenomena. However, the total recovered projectile masses, 

also found in table IV, are of some immediate interest insofar as 

scaling relationships between Scale I and Scale II are concerned. 

This is discussed in the following section. For the moment, it will 

suffice to say that about 70$ to 90$ of the original Scale II pro¬ 

jectile mass is recovered behind the target; this is in general agree 

ment with results from Scale I projectiles. 

Scaling Relationships 

The term "scaling", as used here, refers to the manner in which 

the total number of spall particles and total mass of spall particles 

increases when the projectile dimensions are scaled upward while the 

projectile velocity is kept constant. The total numbers and masses 

of spall particles produced by impacting various thicknesses of 

202lt-T3 aluminum targets with Scale I projectiles are compared, with 

similar results, with Scale II projectiles impacting scaled target 

thicknesses. Comparisons and scaling relations for both projectile 

particles and target particles have been separately determined. 

The total masses and numbers as a function of target thickness 

for both Scale I and Scale II impacts are given in tables V and VI. 

The upper portion of the tables gives absolute numbers and masses 
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while the lower portion of the tables contain reduced numbers and 

masses. Reduction of numbers and masses» is accomplished by dividing 

by appropriate powers of the scale factor» the powers having been 

chosen by consideration of peak shock pressures developed at the 

bottom surface of the target plates. 

The first scaling relation is illustrated in figure l* and deals 

N t 
with the numbers of target spall particles. The plot gives vs -- 

where N " number of spall particles, t * target thickness, and f is 

the scale factor. Plotting the data in this manner appears to bring 

the Scale I and Scale II data points in reasonable coincidence at 

given reduced target thickness. Ihe plot shows that if one scales the 

dimensions of the projectile and the target thickness by a factor of 

two, then one can expect the number of target spall fragments to in¬ 

crease by a factor of four. A possible explanation for this behavior 

is that the number of particles per unit area of spall surface is de¬ 

termined by the peak pressure at the second surface (bottom interface 

of the target) and in order to realize identical peak pressures the 

targets for Scale II impacts must be scaled. 

The second scaling relationship is illustrated in figure 5 and 

M t 
deals with the total mass of target spall. The plot showsvs — 

and is interpreted to mean that when the projectile dimensions and 

target thickness are increased by a factor of two, one can expect 

eight times the target spall mass from impacts with Scale II pro¬ 

jectiles as opposed to impacts with Scale I projectiles. Thus, since 
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the Scale II impacts produce four times the number of spall particles 

having eight times as much mass than the average mass per particle is 

twice that developed by impacts with Scale I projectiles. 

Similar comparisons for the numbers and masses of projectile par¬ 

ticles recovered after penetrating the targets are given in figures 

6 and 7. Figure 6 shows that the factor -Jj applied to N brings the 

Scale I and Scale II data points into reasonable coincidence while in 

figure 7 the factor -4 applied to M does the same. Thus, the two plots 
f3 

taken together show that, at a given reduced target thickness, the 

Scale I and Scale II projectiles break up in a somewhat similar manner 

i.e., the average particle size is approximately the same, die obtains 

eight times the number and mass from Scale II projectiles simply be¬ 

cause the volume of a Scale II projectile is larger by a factor of 

eight. One other significant feature of the data shown in figure 7 

is that the total recovered projectile mass is essentially independent 

of target thickness. 

, Summary of Behind-Target Effects 
V 
Within the limits of scale sizes tested, the qualitative 

features of the population distribution and of the distribution of 

spall mass are not altered when the projectile is scaled; the per¬ 

centage of the total number or total mass of spall particles found 

in a given element of space behind the target is independent of the 

projectile scale size. 
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J^jyln a given spall system, the spall particles having higher 

penetration capabilities do not appear to be distributed differently 

than the aggregate group. 

Scaling of the projectile appears to affect the spall 

systems from scaled targets in the following mannerî 

(a) The number of target spall particles is proportional 

to the square of the projectile scale size.- 
/ 

(b) /The number of projectile particles is proportional 

to the cube of the scale size. ■ 
/ 

(c) The mass of both the target spall and projectile 

particles is proportional to the cube of the projectile 

scale size. 
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Table I. 

Ring 

1 

2 

3 

h 

ï 

6 

7 

8 

9 

10 

11 

12 

Notes: 

Tabulation of data relative to the population distribution of 
spall particles behind various thicknesses of aluminum 202li-T3 
targets} the targets were impacted by Scale II, 3*2 km/sec 
projectiles at normal incidence. 

(Sterad.) 

.018 

.056 

.087 

.117 

.III 

.160 

.173 

.181 

.185 

.186 

.181 

6/2 
(deg) 

1.1 

8.7 

13.0 

17.1 

21.1 

21.8 

28.3 

31.6 

31.7 

37.6 

10.2 

.179 12.7 

Total 

(1) The populations given 
and target material. 

Average Number of Fragments (/1 N) 

Target Thickness (in.) 
(3/16) (1/1) (3/8) 

82 15 132 
(1550) (2500) (7330) 

211 166 22l 
(3820) (2960) (liOOO) 

237 257 113 
(2720) (2950) (1610) 

277 290 88 
(2370) (2180) (752) 

281 211 32 
(2010) (1710) (227) 

328 131 17 
(2050) (837) (106) 

256 89 12 
(1180) (5ll) (69) 

115 63 10 
(801) (318) (55) 

7l 31 6 
(loo) (168) (32) 

16 23 9 
(219) (121) (19) 

20 12 3 
(108) (65) (16) 

13 15 5 
(73) (81) (28) 

2001 1107 695 

here include both projectile material 

(2) Numbers in parentheses are AN/asi. and represent population density. 

(3) 0/2, is specified at the midpoint of the interval. 
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Table II, 

Ring 

3 

I 

5 

6 

7 

8 

10 

11 

12 

Tabulation of data relative to the population distribution of spall 
particles behind various thicknesses of 202li-T3 aluminum targets; 
the targets were impacted by Scale 11, ).2 km/sec projectiles at 
normal incidence. The populations given here include only the 20% 
from Table I having the highest penetration capability. 

/1 Jl 
(Sterad.) 

.018 

.056 

.087 

.117 

.llil 

.160 

.173 

.181 

.185 

.186 

.I8J1 

.179 

Total 

0/2 
(deg) 

iU 

8.7 

13.0 

17.1 

21.1 

2I4.8 

28.3 

31.6 

111.? 

37.6 

ho.2 

h2.7 

Average Number of Fragments (A N) 

Target Thickness (in.) 
(3/16) 

25 
(1390) 

61 
(1090) 

79 
(908) 

73 
(62h) 

75 
(532) 

62 
(387) 

hO 
(231) 

19 
(105) 

lh 
(76) 

8 
(h3) 

5 
(27) 

2 
(11) 

h78 

(1/h) 

lh 
(780) 

38 
(680) 

51 
(586) 

59 
(50h) 

h6 
(326) 

21 
(131) 

15 
(87) 

lh 
(77) 

7 
(38) 

5 
(27) 

3 
(16) 

h 
(22) 

290 

(3/8) 

18 
(1000) 

21 
(375) 

lh 
(16I) 

11 
(9h) 

7 
(50) 

3 
(19) 

h 
(23) 

3 
(16) 

3 
(16) 

h 
(22) 

2 
(11) 

1 
(6) 

95 

Notes: (1) Numbers in parentheses are AN/ßJ*- and represent population 
density. 

(2) 0/2, is specified at the midpoint of the interval. 



Table III. Tabulation of data associated with the distribution of target 
spall masses found in the spall behind thin aluminum 202lj-T3 
targets which were impacted by Scale II, 3.2 km/sec projectiles 
at normal incidence. 

Solid Angle Displacement 
Interval Angle (deg) 
(¿a A) (0/2) 

.07 k li.ü 

.20)4 13.0 

.300 21.1 

.351 28.3 

.371 3fc.7 

.363 1»0.2 

Total Average Mass 
(mg) 

Average Mass of Target Spall Particles (mg) . <r 

Target Thickness (in.) 
(3/16) (1/1*) (3/8) 

Am & 

68 3k 
(917) 

92 2lt 
(1*52) 

61 35 
(203) 

87 20 
(21*1) 

70 31 
(189) 

31 7 
(85) 

hio 89 

AM 

85 39 
(nl*8) 

137 27 
(672) 

157 1*1 
(523) 

80 20 
(226) 

67 26 
(179) 

33 6 
(90) 

559 11*1* 

AM ö~ 

262 252 
(351*1) 

226 20k 
(1108) 

330 31*1 
(1100) 

11*3 1*2 
(liOU) 

85 66 
(229) 

85 93 
(23a) 

1132 681 

Notes* (1) Masses given here, include target material only (projectile 
particles are excluded). 

(2) Numbers in parentheses are AM/^x. 

(3) <y * range/ >f"n (n * 3). 

(a) Displacement angle is specified at the midpoint of the interval. 
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Table IV, Tabulation of data associated with the distribution of projectile 
particle masses in the space behind thin aluminum 202l*-T3 targets 
impacted by Scale II, 3.2 km/sec projectiles at normal incidence. 

Solid Angle Displacement 
Interval Angle (deg) 
O A) (e/2) 

.071» lull 

.201» 13.0 

.300 21.1 

.351» 28.3 

.371 31».7 

.363 1»0.2 

Total Average Mass 
(mg) 

Average Mass of Projectile Fragments (mg) t ^ 
Target Thickness (in.) 

(3A6) (1/1») (3/8) 

AM 

25 8 
(3l»l») 

35 
(170) 

21» 

(81) 

18 
(50) 

16 
(12) 

12 
(32) 

130 

13 

17 

AM 

59 21 
(796) 

51» 13 
(265) 

5 21 
(71) 

3 
(7) 

3 
(9) 

2 
(6) 

ll»2 11» 

AM ^ 

81 31 
(1095) 

53 23 
(260) 

17 11» 
(57) 

7 3 
(20) 

1» 1» 

(11) 

6 3 
(17) 

167 9 

Notes: (1) Masses given here include only projectile material caning 
through the target. 

(2) Numbers in parentheses are A n.. 

(3) ö" “ range/ f~ñ (n « 3). 

(1») Displacement angle is specified at the midpoint of the interval. 



Table V, Tabulation of data associated with Figure 3 and Figure li. The 
data pertains to the scaling of the total numbers and masses 
of target spall particles obtained from impacting aluminum 
aOSTPTTtarjjets Sith both Scale I and Scale II, steel projectiles 
at nomal incidence. 

Scale I Data Scale II Data 

t(in.) 3/32 1/8 3A6 
t/f(in.) 3/32 1/8 3/16 

3A6 
3/32 

m 
M(mg) 

818 300 126 

66 80 

2,li62 1,300 611 

UO 559 1,132 

N/f2(#) 818 300 126 

M/f3(mg) 31; 66 80 

615 325 152 

51 70 iia 

Notesî t * Target thickness. 

N * Number of target spall particles 

M « Hass of target spall particles. 

f Scale factor. 
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Table VI. Tabulation of data associated with Figure 5 and Figure 6» The 
data pertains to the scaling of the total numbers and masses 
of projectile particles resulting from Scale I and Scale II 
projectiles penetrating aluminum 202li-T3 targets at normal 
incidence. 

Scale I Data Scale II Data 

t(in.) 3/32 1/8 3/16 3A¿ Vü 3/8 
t/f (in.) 3/32 1/8 3/16 3/32 1/8 3/l6 

N(jfO 111 l8ii 89 1930 1500 551 

M(mg) 2h 23 21 130 lli2 167 

N/f3(#) 111 181* 89 2la 187 69 

M/f3(mg) 2l* 23 21 16 18 21 

Notes: t ■ Target thickness. 

N ■ Number of projectile particles. 

M ■ Mass of projectile particles. 

f » Scale factor. 



No. 8 Detonator 

Fig. 1 

2 1/2" 

•2.5° cold rolled steel 
surround (2 l/2" diam. x 
1/8" thick) 

Projectile {Ketos drill rod; 
1/8" diam. x l/8" long) 

Sketch of an explosive projector that propels a Scale II, steel 
projectile at a velocity of 3.2 km/sec. 
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Dispersion Angle (9/2)(deg) 

Fig. 2 Normalized spall population distribution data for Scale II, 
3.2 km/sec projectiles compared with similar data for Scale I 
projectiles. 



A
 M

 

0/2 (deg) 

Fig. 3 Normalized target spall, mass distribution data for Scale II 
3.2 km/sec projectiles compared with similar results for Scale I 
projectiles. The data bave been averaged over the target thickness. 



J . L. 

t/f (in.) 

Plot illustrating an interpretation of the scaling effect 
for the number of target spall particles produced by 
projectiles impacting thin targets. 
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Fig. 5 Plot illustrating an interpretation of a scaling effect for 
target spall mass produced by projectiles impacting thin 
aluminum alloy targets. 
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Target Material - Aluminum 2024-T3 
600 JPro.leotile Velocity - 3.2 km/aec 

NOTES: 
f * scale factor 

t * target thickness 

400 - N • number of projectile particles 

Scale I data ~ 0 

Scale II data - x 
X 

200 

O 

0 
0 1/16 2/16 3/16 

t/f (in.) 

Fig. 6 Plot illustrating an interpretation of a scaling effect for 
the number of projectile particles produced due to projectile 
breaking up after having penetrated thin targets. 



60 

40 

a* 
"w» 

% 
20 

lariat Material - Aluminum 2024-T3 

Projectile Velocity - 3.2 km/sec 

NOTES! 

f ■ scale factor 

t - target thickness 

M * recovered projectile mass 

Scale I data - o 

Scale II data - X 
—I-1- 

1/16 2/16 
t/f (in.) 

3/16 

Plot illustrating the scaling effect for recovered projectile 
mass resulting from scaled projectiles penetrating aluminum 
alloy targets. 
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