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FOREWORD

Presently, the Degradation Fffects 't¢--cm (DFP) and others are
using regression equations relating the striking velocity for cylinders
as a function of their penetration into wallhoard. This effort grew out
of the question of whether actual homb fragments would have a similar
regression equation. This phase of the study is concerned with testing
1S-grain hemb fragments. As a follow-up study, 60-grain and 240-grajn
homb fragments will he investigated.

The author wishes to thank R. Brandt (ATRD) for his suggestions on
analytical techniques for data evaluation, The ATRD range crew composed
of Jack Byrne, Clyde Wallace, Sgt Ron Stearns, Sgt John Fraver, Spt T.C,

Costello, and AIC Earl Farabaugh provided the necessary technical support
and instrumentation.

Information in this report is emhargoed under the Department of
State Internmational Traffic In Arms Regulations. This report may he
reieased to foreign governments by departments or agencies of the 1.5,
Government suhject to approval of the Air Force Armament Lahoratory
(ATRD), Eglin AFB, Florida 32542, or higher authority within the
Department of the Air Force. Private individuals or firms require a
Department of Stute export license.

This technical report has heen reviewed and is approved.

CHARLES K, ARPKE, Lt Col MNUSAF
Acting Chicf, Technology Division
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ABSTRACT

The primary objective of this program was to define a function
hetween the striking velocity for 15-grain random shaped homh fragments
and their depth into the wallboard trade named Nu-Wood. These fragments
were fired from a 20mm Mann bharrel into bundled Nu-Wood. The fragments
were lightly filed to fit into a 0,97< we1.03 gram weight range. The
striking velocities were in the S00 ft/sec to 5000 ft/sec range, The
graph of fragment striking velocity as a function of depth into Nu-Wood
showed a wide range of depths for approximately 1000 ft/sec, 3000 ft/sec,
and 5000 ft/sec striking velocities. A least squares curve would not
he valuahle since the penetration spread is too wide at given velocities.
Fragment penetration into Nu-Wood from firing cylinders does not give
a realistic picture of 15-grain actual bomb fragmentation spread. The
fragment penetration into Nu-Wood was found to he a momentum as opposed
to a kinetic energy effect. The depth of penetration is not a primary
function of the presented area and perimeter of the impacting fragments
for 3000 ft/sec and 5000 ft/sec velocities., Shots at 1000 ft/sec reveal
a dependence on the presented area and perimeter of the impacting
fragment,

(The reverse of this pape is blank)
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SECTION 1
INTRODUCTION

Actual 15-grain bhomb fragment lirings into Nu-Wood were conducted
at Range 22, Fglin AFB, during the months of Juiy through September 1969,

The primary ohjective was to define a function between striking
velocity and depth into Nu-Wood. Secondary objectives were:

a. To find if the penetration into Nu-Wood is a function of the
presented area and perimeter of the impacting fragment.

b. To determine if the penetration of actual 15-grain bomh fragments
into Nu-Wood is a momentum or kinetic ecnergy effect.

c. To observe the breakup characteristics of actual 15-grain bomh
fragments in Nu-Wood.

d. To determine the extent of deflection of the fragments relative
to projectéd paths in air and Nu-Wood.




SECTION I1
TEST SET-UP

The general test set-up for the firings is shown in Figure 1,
Figure 2 shows the co-ordinates X;Y;, X2¥2, and X3Y3 on the three-
dimensional view of the bundle. The lower left hand corner of the
bundle serves as the origin.
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Final
Bore Site Fragment
(X;Y,) Position
‘ 1
Y PR
- (X3Y )
3'3
(X,Y,)
Surface
Fragment
Impact
0 0 X
Origin at
lower left
hand corner
of bundle
Figure 2, X and Y Co-ordinates on the Nu<Wood Rundle,




SECTION 111
PRTMARY ORJFCTIVE

Figure 3 shows the finalized graph of striking velocity as a
function of depth of penetration into Nu-Wood. These striking velocities
were ohtained by correcting the fragment measured velocity for air drag.
The air drag correction was 00,9242 times the measured velocity to give
the striking velocity. This was ohtained from:

Pr— —
~a(8-x -aS
m m”s
vs s V e -~ €
ax
muy3
L =

V.e Striking velocity (feet/sec).

s
V = Average measured velocity between the screens. The first
screen is at x,=0, the second at x=1N feet (ft/sec),
S = DNistance from the first screen to the target (11 feet).
a = 0.0327 (constant for an air drag coefficient Cy= 0.640, and

density of air, p= 0.310 grains/in?).
Mass of fragment in grains,

M

Valid data points and data points estimated from powder charges are
plotted on Figure 3. The fragment weight range of 0,97<w<1,03 grams is
not a function of depth into Nu-Wood, Figure 3 illustrates the wide
spread in depth of penetration at striking velocities near 3000 ft/sec
and 5000 ft/sec.

A means of classification of the fragments into shape catcgories
was found from close examination of the fragments and solving for D in:

LWD:E
P
LWD = Length Width Depth where L>W>D (in.).
w = Weight of fragment (1bs}).
o = 0,284 1bs as the general density of steel.

in

The Categories are:

Long flat, fragment 3 -—@

L-F =

L-C = Long chunky, fragment 20 —————— Q

F = Flat, fragment 4

F-C = Flat chunky, fragment 2 s;;a
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The calculated I' values can fit approximate groups for I (inchens):

Lo?l Plat ' Q%%%]nss §%'t fh?nlg L?nﬁ fh%a;i

Tahle 1 shows the classification of the fragments snd Figure 4
{1lustrates the fragments, fFipure 4 frapments | through 20 were not
photographed hefore the firings., After firing, many fragments were lost
fror impacting the sahot catcher or the printed circutt paper holders.

The data points in Figurs N have assuciated fragment shape
classifications, Generally, the long flats and Clate are distributed to
the extreme Jeft of the graph, Lony chunbs and flat chunks are primarily

concentrated toward the middle and extreme right of the praph,

Fixyure 3 has & ragression plol of s penstration equation ohtained
by firing stee) cylinders into wallhoard trade named Nu-Wood and Hiint-
kote., These cylinders had charscteristic velocities from Y04 ft/nec
to 12,7AR ft/nec, massen from O.2% prajne to 241,50 gratne, and 0° to
70° obliquity from the projectile path to the perpendicular te the Nu-Woed
surface., The finaltited regression equation used for the plet iy

Vg o 128R1(x) 0. bun)au//By 0. %078

Mo, t800
Vg, o Btribing velocity of stee] cylindrical Cragments (ft/wec)

X = Ppepth of penetration messured psrpendicular to the Nu-wood
surface (in,)

¥ = 0,00AA

M o Maps of fragment (prainme)

7 This will he toermad t1he Thor vegressbon equatinn, The Ther
rvegresnaion plot for cylinders does not fit closely to the diatribution
of 15=grain Lomh fragmedt deata points, Long chunke and flat chunks do
fit within an acceptable range of the Thor Plot,
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Fragment Fragment Fragment
1 2 3

IR

breakoffs Zg
No Recovery No Recovery

Weight: 1.00 + 0,01 grams Weight: 1.00 + 0.01 grams Weight: 0,95 + 0,01 grams

Length: 0.366 inches Length: 0.406 inches Length: 0.691 inches -
Width: 0,340 inches Width: 0.300 inches Width: 0.308 inches .
Fragment Fragment Fragment
4 5 6

No Recovery . ’

Weight: 1,00 + 0,01 grams Weight: 0,94 + 0,01 grams Weight: 1.00 + 0,01 grams

Length: 0.459 inches Length: 0.453 inches Length: 0,453 inches
Width: 0.413 inches Width: 0,316 inches Width: 0.321 inches
Fragment Fragment Fragment
7 8 ]

’ No Recovery No Recovery

Weight: 1.00 + 0.01 grams Weight: 0,94 + 0,01 grams Weight: 1,00 + 0,01 grams

Length: 0.396 inches Length: 0,443 inches Length: 0,525 inches
Width: 0,340 inches Width: 0,316 inches width: 0.387 inches
Fragment Fragment Fragment
10 11 12

V‘ ~—breakoff No Recovery Mo Rezovery

Weight: 0.94 + 0,01 grams Weight: 0.94 + 0,01 grams Weight: 1.00 + 0.C1 grams
Length: 0,680 inches Length: 0,438 inches Length: 0,565 inches
Width: 0,382 inches Width: 0,378 inches width:  0.300 inches

Figure 4, 1S5-Grain Bombh Fragment Shapes
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Fragment Fragment Fragment
13 14 15

' No Recovery No Recovery

Weight: 1,00 + 0,01 grams Weight: 1,00 + ©.01 grams wWeight: 0.94 ¢+ 0,01 grams

Length: 0.482 inches Length: 0.643 inches Length: ©0.395 inches
Width:  0.355 inches Width: 0.288 inches Width: 0.357 inches
Fragment Fragment Fragment
16 17 18
No Recovery ~ No Recovery

Weight: 0.94 + 0,01 grams Weight: 0.94 + 0,01 grams Weight: 1,00 + 0.01 grams

Length: 0,490 inches Length: 0.770 inches Length: 0,455 inches
Width: 0.345 inches Width: 0.290 inches Width: 0.320 inches
Fragment Fragment
19 20

g/breakoffs -

Weight: 0.94 + 0,01 grams Weight: 1.00 ¢ 0.01 grams
Length: 0.505 inches Length: 0.539 inches
Width:  ©.4.0 inches Width: 0,280 inches

Note: These ink blot copies of fragments are slightly larger than the actual
specimens.

Figure 4, (Cont'd)
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SECTION 1V -
SECONDARY ORJECTIVES

Table IT data, ohtained from Fie ~ 5, reveals no significant
relationship hetween depth of penetvacion as a function of presented area
and perimeter of impacting fragments at 3000 ft/sec and 5000 ft/sec.

At 1000 ft/sec there is a correlation with increasing penetration and
decreasing impacting fragment presented area and perimeter.

Table 1I[ data shows that fragment penetration into Nu-Woad is a
momentum rather than a kinetic energy effect. This results from the
penetration to be a function of velocity rather than velocity squared.
The striking velocity can be linearly approximated by:

V= CX
V = Striking velocity in ft/sec
C = 571 ft/sec. inches

X = Depth of penetration measured perpendicular to the Nu-¥kood
surface to eenter of gravity of fragment (inches}.

Fragment breakoffs are located at the point where the fragment is
found. Pieces will he found at the larger piece fragment location. No
breakoffs were found along the Nu-¥Wood path.

An examination of bore sight, fragment entrance, and finalized
position in Nu-Wood co-ordinates reveals no appreciable air deflection
and Nu-Wood deflection of fragments. Air deflection could he attributed
to the sabot aiming the fragment after exit from the Mann barrel. Since
the Nu-Wood deflection is slight, no transformations are made on the
perpendicular to Nu-Wood surface penetration data. All the penetration
data in Figure 3 need not he corrected for the slight angular deflections
in Nu-Wood.

Some other interesting facts found from testing are:

a. The recovered fragments had Mu-Wood clinging to them.

b. As the fragment goes deeper into the Nu-Wood it tends to make
a large and less clean or sharp hole. This could be attributed to Nu-

Wood building up on the fragment as it penetrates.

c. The Lexan sabot will be dented on its base frem the frapment's
initial momentum impulse.

d. For better air flight stability a sahot fitting a fragment is
hetter than a sabct with a hole too large.

13
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Figure 5. 15-Grain Bomb Fragment Impact Presented Areas and Perimeters
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SECTION V
CONCLUSTONS

The fundamental conclusions are:

a. The existing Thor equation predictions for cylinders do not
fit actual 15-grain homb fragment-data.

h. Depth of penetration into Nu-Wood is not a reliahle method
to predict the velocity of 15-grain bomb fragments,

¢c. The fragments are momentum and not kinetic energy penetrators,

d. The depth of penetration is not a primary function of the
presented area and perimeter of the impacting fragments for 3000 ft/sec
and 5000 ft/sec striking velocities. Shots at 1000 ft/sec indicate that
depth of penetration is a primary function of the perimeter and presented
area of the fragments,
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